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FOREWORD

The geographic farea covered in this report extends from
Cape Hatteras, North Carolina, on the north, to Cape Canaveral,
Florida, to the south.
Included within this area are portions
of the coastal areas of South Carolina and Georgia. All or
portions of thirty coastal counties are included within the
study area.
Estuaries in this area tend to be partially mixed due
to relatively low runoff per mile of coast. The proximity
of the Gulf Stream to the conti nental shelf and the low
runoff combine to cause the salinity of the coastal water to
be somewhat higher than that of the coastal water north
of Cape Hatteras.
Surface iso therms parallel the coast and
temperatures generally increase seaward. Maximum horizontal
gradients and minimum vertical gradients of temperature are
usually found during winter.
This coastal region is warm temperate in character with
a strong maritime influence. There is a tendency toward an
annual division into two seasons, with higher precipitation
during the summer than the winter.
Local afternoon thundershowers produce most of the summer rainfall. Wind activity is
generally low, flowing mainly from the northern quadrants in
winter and southern quadrants during summer.
Severe storm
development is infrer:r1.~ent throughout the reg:i.nn
Geologically the area comprises the so-:.1+:'-.~rn segment
of the Atlantic Coastal Plain. The area between Cape Hatteras
and Cape Romain is distinctive for its three larqe smooth
scallops between Capes Hatteras , Lookout, Fear, :in~ Romair..
South of Cape Romain, the area is characterized by extensive
salt marshes bordercc. ty a ~elt of low lying islands, the
''Sea Islands" of South Carolina and Georgia. South of the
Sea Is lands are extensive beaches and associated dunes which
create lagoonal flats inland.
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From a chemical standpoint, the area is characterized by
generally low nutrient input from rivers, especially nitrogen,
resulting in low phytoplankton production. Heavy detritus loads
from adjacent salt marshes keep the oxygen level in estuaries
below saturation. These streams have littl~ capacity to
assimilate additional oxygen demand.
Zoogeographically, the area comprises the Carolinian
Province. At the northern end, long, narrow barrier islands,
well separated from the mainland, are backed by irregularlyflooded marshes. The enclosed sounds with muddy bottoms and
high turbidity, are productive nursery grounds for commercial
fish and shellfish. Along South Carolina and Georgia, the salt
marshes provide the base of the food chain for the estuaries.
Along the remainder of the coast, the mainland is exposed to
the sea. The offshore region is sandy throughout with outcroppings of coral, rock, and other substrates called livebottom habitats which are productive of fishery products.
The biota is basically temperate with a number of subtropical
species.
Economically, the area of the study is generally depressed. The highest degree of urbanization has occurred at
the major ports in the area: Wilmington, North Carolina;
Charleston, South Carolina; Savannah, Georgia; and Jacksonville,
Florida. Per capita income in the area is below U. S. averages
in 29 of the 30 counties. Six counties are primarily dependent
upon manufacturing as a source of income, six on farming, nine
on government (primarily military bases), three on services,
and six have no dominant sector.
This area then, beginning just belo~ the southern limit
of the North Eastern Megalopolis and extending to the booming
Florida peninsula, is one of the largest portions of relatively
unspoiled, undeveloped sea coast in the contiguous United States.
The possibility of rapid coastal developMent associated with
Outer Continental Shelf resources development should be of prime
ccncern to planners and managers at all levels of government and
ir.~ustry.
It is hoped that this report will be u:.eful to planners
and managers as they chart the course of development in the area,
and as a data base for preparation of environmental impact
statements covering the broad area. Ther~ is, however, a serious need for additional data in various disciplines relative to
the entire region, and espe~ially relative to small subsections
such as individual estuaries. The presePt summary hopefully
identifies those subj2cts and areas requiring further study
before planning and rr."inagement of de·,elo~•ment c.::in be done on a
rational basis.
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I wish to thank the principal developers of the various
portions of this report:
Volume I.

Physical Oceanography - Mr. John P. Jacobson

Volume II.

Climatology - Mr. Evon P. Ruzecki

Volume III.

Chemical and Biological Studies Dr. Morris H. Roberts, Jr.

Volume IV.

Geological Oceanography - Dr. John M.
Zeigler and Ms. Martha A. Patton

all of the Virginia Institute of Marine Science, and
Volume V.

Socio-economic Studies - Messrs. Richard May
and John Delaplaine and Ms. Margrit
Schatz

of Planners, Incorporated, Washington, D. C. for their close
cooperation and hard labors in completing this study.
Mr. Edward J. Tennyson, Contracting Officers Authorized
Representative,of the Bureau of Land Management, has been most
responsive and helpful during the course of this study.
Ms. Beverly L. Laird deserves particular mention as the
major day to day coordinator in the final preparation of this
report. She was ably assisted by Ms. Claudia B. Walthall,
Melissa A. Forrest, Vickie B. Krahn, and Elair.e Poulson , who
typed the final manuscript and by various and numerous people
in the Department of Information and Education who prepared
the art and photographic work for this report.
This report was prepared for the Bureau of Land Management under Contract No. EQ4AC007 with the Council on Enviropmental Qua lit_;.
Maurice P . Lynch
Senior M~rine Scie ntist
Office o r Special Programs
Virginia institute of Marine
Science

V

PREFACE

The geographic area covered in this report extends from
Cape Hatteras on the north to Cape Canaveral on the south.
These geographic features correspond to zones of rapid change
in hydrographic and often in biological conditions along the
Atlantic Coast. The area between is known to zoogeographers
as the Carolinian Province . The landward boundary of the
study area was arbitrarily taken as the 0 . 5 O/oo isohaline in
estuaries since this is generally considered t~e boundary between freshwater and marine habitats .
This is not a sharp
boundary with a constant geographic location, but docs serve
to adequately define the study area. The seaward boundary
was taken to be the 2CO m depth contour, ~ince most available
data are from areas inshore of this contour.
FOL the purposes of several chapters in this report, it
was convenient to tliviJe the coastal region into three subzones numbered I to II (Figure 1). The offshore region was in
some cases subdivided into inner and outer continental shelf.
References throughout to "slope" refer to the HatterasFlorida Slope, a feature of the continental shelf, rather than
the continental slcpe proper.
Land and water use managers may find it desirable to correlate information contained within this report with the
regions defined ia thE.·• OB.ERS Projections. The study area of
the present report is a part of OBERS Water Resources Subarea
03, the South Atlantic-Gulf region.
The subregions within
Subarea 03 ext9nd f.rcr 1 the coast far beyor.d th8 upland limits
of this study. The QI;::RS Water Resources Subareas contained
in part within the SuLzoncs of this report are listed in
Table 1.
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Table 1.

Correlation of Coastal Subzones with Water Resources
Subareas as defined in the OBERS Projections.

Survey Area
Coastal Subzones*

Water Resources Subareas
Area Code

Area Name

Subzone I

0 301
0302
0303
0 304

Roanoke (in part)
Tar - Neuse
Cape Fear
Pee Dee

Subzone I I

0 305
0306
0 307

Santee - Edisto
Savannah - Ogeechee
Altamaha - St. Marys

Subzone I I I

0 308

St. Johns

*This designation refers only to the coastal portion of wat~r
resources subareas since upland portion~ of all subareas arc
not considered in any case.
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CHAPTER l
MARINE CHEMISTRY

by

,

1 .1.

Morris H. Roberts, Jr .

Introduction

Published data on marine chemistry wi thin the study area
have been located by searching the Oceanic Index and the "Kwik"
i ndex . Additional citations have been located by revi ewi ng
several Federal government documents published by study commi ttees and the contribution lists of the major uni vers i ties
of the area .
Data regarding major nu trient concentrations have
been obtained in part from papers concerned mainly with phytoplankton production . Additional unpublished data are probably
available, especially from the cruise records of the R/ V
EASTWARD of Duke University Marine Laboratory . No attempt has
been made to obtain unpublish e d data because time was not
avai lable to reduce such data to usable form .
Th e o nly cru ises i denti f i e d a s producing s y noptic data
f or the e ntire o ffshore reg i o n wer e t hose of t he T. N. GILL
195 3-1954 (Anderso n e t al. 1 956a, 1956b, 1957; Anderso n a nd
Gehringer 1957, 1958a, 195 8b, 1 959a, 1 959b). Du ri ng the s e
cruises t he chemica l / physical p a r ru~et ers rre as u r e d wer e t enp e rat u r e , s alinity , d iss ol ve d o xygen, total ph ospho rus , p ho spha t e phos phorus , nitr ite -nitra t e (combined ), c a rbo hydrate a nd pro t e in
(the latte r two a r e not consider e d h e r e ). Data f r om fo ur
crui ses (Cruises 5 , 2 , 7 , and 8) were selected for i nd i cati ng
the seasonal and geographic distribut i ons of the pertinent data .
The temperature - sali nity distribution has been presented in the
~ccompanyi ~g volume on physical oceanography and wi ll not be
repeated h ,~re . In readi ng this chapter , it will at tjmes be
useful to refer to Secti on 3 of Chapter 2 and assoc i ated figures
i n Volume I, Phys i ~al Oceanography for the comparable hydro~raphic distri buti ons .
~8 re recently, data havP been colle~ted by the Duke
University Marine ·Laboratory aboard the R/ V EASTWARD, concentrated mai~ly in Raleigh and Onslow bay s and extending east
of the 200 m contour. Stefansson and Atk i nson (1~57) and
Stef ane son et al. (19 71) s umma rized data ,;~llectect in 196 6 and
early 1967 inc l uding t-:~mpcrature, salinitv, di s solved oxygen,
phosphate-phorp hor Js, ~itrate-nitrogen, and siLicate.
'1

l.Z.

Coastal Plain (Sounds and Estuaries)

1.2 . 1.

Subzone I

1.2. 1.1.

Pam l ico Rive r

a.
Bio l o g ically Active- Mater i al s . The disso l ved ox ygen
conce n t r ation was exam i ned ..from Augus t 1 9 6 9 to June 1971
(Hobbie et a l. 1 9 7 2) .
In the upper po rt ion of t he r iver , undersaturated wate r was pe r iodically introduced from the Tar River .
Bottom wate r s had ve r y l ittle ox ygen .
In the mi dd l e and l ower
portions of the estuar y , the wate r was usua l l y we ll oxygenate d
b u~ p e r iodically unde r satur ation was obse r ved .
Str ong undersaturation was obse r ved during pe r iods of water str atification;
howe ver, stratification usua lly l asted onl y a shor t time (one
week ) befo r e being b r oken up by wind action . Undersaturation
was mo r e f r equent in the summe r than at any othe r t i me . Teno r e
{1970 ) reported mortality of benthic species every summe r presumabl y caused by ox ygen dep l etion in water mor e than " several
meters d eep".
_

Phosphorus distribution in the Pamlico River has been the

s ubject of extensive study because of concern about the potential
dariger of eutrophication as a result of phosphate mining
initiat ed in 1965 {:Hobbie 1970). The report concluded that this

ri~er is naturally rich in phosphate with ambient levels of
P0 4 - P ranging from 1 to 2 µg-at/1. Release from the mining
operation was intermittent, but phosphate levels reached
93 : µg-at/l on one occasion during a three year study . Effluent
from the mining operation moved seaward along the south bank of
the river .
The main source of phosphorus was the Tar River
entering the upper end of the Pamlico River estuary.
Phosphorus
from this source has tripled over the study period. The phosphorus in this case appeared to be derived from sewage outfalls
on the Tar River (Hobbie 1970).
"Available" phosphorus in the sediments has also been
examined (Upchu rch 1972; Upchu rch e~ al. 1974). Sedimentary
phosphorus decreased from 1.6 mg P/ gm sediment in fresh water
to·o.3 mg P/gm sediment in water with a salinity of 18 0/00.
The phosphate mining operation has had mu ch less effect on
sedimentary phosphate levels than on dissolved levels.
Sedimentary phosphoru s lev els did not correlate with sediment
type, but were related to salinity of the overlying water.
Inorganic phosphoru s and iron levels were closely correlated
at low salinities indicating some type of Fe-inorganic P complex in the sediments. At increasing salinities, this complex
apparently becomes less stable, leading to release of phosphorus from the sediments.

2

!-Io:.:-.•ie et ::. L. (} 97,) £.'<tended the ,:t:},::y o.'.. ph.:::;p!Krus dis•:.~~ibu-;:io" ln the t>arrj:cc. Rj'---.r from 196:i tc 1971, SL.;pportir.g
:k)bbi..:'s ·.::-iq1.na..i.. cc"1cll·.::io,,..,. ':'hey ali-,.) initiaced .1 study of
,itrc:,cr. iis·':ric.~t.5.c:1, t Gth .. r:organic ('.liH:, ~0 2 anc. ·mJ} ar.d
,)·:gar::::-c. Du1 ing ~he ur.·'":•cr, the rar River c o n tr ibvx ~d con-·
..:;ide.~,:tbl.: NO,-N, nut th:~ \-.'nS rapidly deple':.ed to be·_ow 1
:1 ~ - at. NO 3 -N/l wi :.l-ii:1 th£ uppA.:.- portion of th~ Pamlic > Ri_ ver.
Ammonia cr:ncentrD-tions \<·e.r.e generally grea~er than 3 1Jg-at
NiI 3-?,i'l t.l'~rougho"Jt. the e::,tuary.
Nitrite levels wen~ very low
throuyho~: the estuary.
Dur~ng the winter, the leve.l of N03
reacP.!d high 1 eve ls in the up;;ier and middle portions of the
estuary. Figure 1.1 (after ,obbie et al. 1972) shows the distribt•'.ion of inorganic .,itrc,,1en C'.)mpouncs in early Septe'llber,
1969; Fig-.ire 1.2 shows the cl .· .stribution in March 1969.
Figures
1. 3 a.1d 1. 4 chow the averagE=- concentrations of t-'·)3-N and NH3-N
respectively in five sectioP~ of the ri v er (section 1 upstream,
section 5 at conflu";r1ce \,itr1 Pamlico Sot::1d}.
Dissolved 0rg&nic nitro-.Jen was mor~ abundant than partict:.late organic nit:::-'.:>gea. ~!0 co~clusions could be dra\•~n concerning
the r:lte c,f convi?rsiun c £ inorganic nitrogen.
Hc'x,ie et ·11. (l~~ ;..) concluded th~t n1 ~.roqen ,Ms the
limiting n•.1trien:: in chis sy•:;tem , es pee j_al ly NO 3 -N. Peaks c..,f
phytc,:)larJc-tor. prodlic ..._icn wer.::- shown to rorrelat£ closely with
peaks '.:>f !iO:.i- N concE- ~t:n.. t.ion.
The ni trt1t:.e r:educ tion activity
of th-=> pl1yto'[jlan:·; ton wAs si10' ·n to have .:. peak di:r ir.g thr. winter
dincflageilate bloom indicat~~g again that N03-~, not N~3-N,
w..ts a majc,r sour\.,e c" n i c rc~r n for the phytoplax,kton, ii not the
rr.ain :.::our,:-e .
.

b.

Sur-'.per,.'2d ': )J ,,Js .
'J.'he ro!"lcen4-.':at1on Lf !>'-spender'!
·cp,. .:-~c!(1 .

.;011.c:... he.:: r!~,t. L::2ar.

c. Or~ani Pc:lu.-ntb. ~o ~atff en pe3ticide ~r hydrcc :trbcri CL•nce11trat 1011:.: h 1ve .t.;..-en J ocated.
d.
!IE: .~ vi i'~ct.:il. s . No ,J.ata on the dist~~b1·!::ir,;·. of he2.\rv
r,,2ta:;_s i ·. r'amlic.<' R1vr~r W.-lt~t. exclusive .-,f .:..::on (sc:•,,- sE-ctiu,,·· a.)
:~;.1ve 8eE1,. rt:.,iort£ d. 'T'u· cki?:, et al. (1~ 1,7) lnve >: ·~ : •( rte(l on th<·
conct..:1t:r __ ict19 cf se.,er;_;,J mct:il iuns ir. t.~ •..::: ~E:.:•.-::!)y r ':!Use Ri,r.r.
wolf il~"'Jj bas repo-:te<~ on ::inc c~:icentr.::.t? Jns .1.n JJStc r~ 1rcrr,
c.he T, :,!USe Rh 0:r.

1.2.J.2.

Pamlic~ SCJnd

a.
Bi0log1.call~1 A~tiv,~ Mat-ei:ials. The mc:st recent data
for -::ne S:>Und itsel:: ·;,e"!"e pi-2.sented by Woods {19o7). Dissolved
0xygen ranged frcm 4 to 11 m~/1 from 1963 t0 1966. Percent

PAMLICO RIVER

N03

SEPT. 3, 1969

PAMLICO RIVER
NH

3
SE PT. 3, 1969

"J.

'\:~~
---....._
PAMLICO RIVER )

N02

..
f)

TGS

SEPT. 3, 1969

Figure 1 . 1 .

Distribution of nitrate, arnrnoni~ and ni~rite
(µg-at N/liter) in the Pamlico River, 3 September
196::i (after Hobbie, CopGland and Harris rm 1972) .
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::..972).
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saturation was rarely below 50 to 60% and during tte winter remained at about 100%. Undersaturation was noted at the bottom
at three statior.s in the Pamlico River. L~sser depletion was
found in the Sound proper.
The concentration of phosp horus in the Sound ranged frcm
<0 . 01 6 to 1. 0 µg - at PC4 - P/l at the surface and 1. 5 µg - at F04- P/l
at the bottom . Total phosphorus levels were usually 1.0 to 2.5
µg - at P/1 , but highs of 2 5.to 30 µg - at P/1 were observed during
1 96 4. No explanation of the high values was given.
Nitrogen dat,1 were restricted to N03 - N and N0 2 - N. The
range cf N03 - N le~als was <C.10 to 1.0 µg-at/1 under narm~l conditions , bJt high£ of about 10 µg-at/1 were observed coincidentally with the ~igh P0 4 - P levels in 1964. K0 2 -N values
ranged upward to O. 5 µg - a t/1 ar.d sometimes higher.
Ne. tat les
or distribution charts were provided with these data .
b. Suspe~dec Solids. The concentration of suspended
solids has not been reported.
c . Organic Pollutants.
No data on pesticides or hydrocarbon concentration have been located.
d. Heavy M0tals. No data on the d~stribution of heavy
metals have been located.
1.2.1.3.

Core Sound, Newport River , North Riv-: r

a. Biologically Ac tive Materials. Ext~nsive data on
dissolved oxygen levels have not been published, but isolated
references to the aegree of aeration can he found in Williams
and Murdoch (1966) and Thayer (1971).
Thayer (1971) measured phosphorus and njtrogen concentrations throughout this estuarine system as well as at one
oceanic station just outside Barden Inlet. Three phosphorus
fractions were measured: dissolved "inorganic phosphorus (DIP),
dissolved organic phosphorus (DOP), and particulate phosphorus
(PP).
The phosphorus concentration was low throughout the
year, with DOP and DIP peaks in June and ,July respectively. PP
exhibited three peaks in October, March, and June.
DIP ranged
from 0.00 to 1.46 µg-(~_t/1, DOP from 0.00 to 1.60 µg-at/1 and
PP from 0. 01 to 1. 36 1·.g-at/l. The study area was -divided into
six sections, and all values within each section averAged
(Table 1.1). Thjs estuary was poor in phosphorus·with levels
less than one-third those of the Pamlico River (except the
fresh water portion of the Newport River which ·approached
1 µg-at/1).
For 111 phosphorus fractions, the concentration
upstream was grea~er than downstream.
8
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Table 1.1.

Aver ge weighted concentrations of phosphorus
frac- .. :ons in ug-at P/1 for the Core SoundBea·i ··~,rt estuary (from Thayer 1971) .

Re':Jion

DIP

DOP

PP

Fresh water Ne 1p . .... River

0.930

0.381

0.383

Newport River

0.318

0 .3 71

0.255

0.211

0.235

0.173

Core Sound

0.263

0.299

0.210

SW Core Sound

0.197

0 . 231

0.181

Ocean

0.177

0.233

0.077

1

·

Es ..

North River Es t ..:.. , i
NE

r!'

•

•

•

•

•
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Three nitrogen fractions were examined: ammonia (NH -N),
nitrite (N0 2 -N), and nitrate (N0 3-N). Nitrogen levels were low
throughout the year. NH -N ranged from undetectable to 4.30
µg -at/1, N0 2 - N from undetectable to O. 50 ug at/1 and N03 -~'l from
undetectable to 2.65 ug-at/1. NH -N showed peak concentrations
in November, late April, and June. N0 3 -N showed a peak during
spring and. early summer. N0 2 -N remained low throughout the year.
Mean values for the six subdivisions of the study area are
shown in Table 1 . 2 .
·
Thayer (1971) examined the total nitrogen:phosphate ratio
and the nitrate:phosphate ratio. The total nitrogen:phosphate
ratio was less than 8 (often about one) except in May when it
reached 106. The nitrate:phosphate ratio was less than 5 (often
about one) except during May with a peak of 14. These ratios
are low and suggest that nitrogen is limiting. Thayer points
out, however, that phosphate levels were low enough to be
limiting even if an excess of nitrogen had been available.
Th ayer (1974 ) s u bsequently conducted a series of enrichment
studies at several stations in this estuarine system. He concluded that nitrogen is the primary limiting ~u trient. Ph osphorus additions also stimulated growth in some a s says i ndicating
that it also may at times be limiting. Thus his ~ypothe ses
base d on t he di s trib1Jtion of nu trie nts i11 th.:..s es t uary ha ve b ee r.
verified.
b. S uspe nde d Sol ids . Williams and Mu rdoch (1966 ) r epo rte d
an annual range of s e cch i di s c readings from u.7 t o 2 mete r s
(see Table 1 .8) . Low secch i d i s c r eadi ngs pro babl y dominated ,
ind i cat i ve o f h i gh susp e nded solids l oad s . No g r avi me tric data
a r e ava ilable .
c. Organic Pol ~utants.
_ pestici des or hydrocarbons .

No data were l~cated regarding

d. Hea ·,-y Meta l s . No data were located documentinq the
distribution of heavy metals.
1 .2. 1. 4 .

Bogue Sound

a.
Biologically Ac t ive Materials . Data a.re n0 t available .
for the Sound itself, but Campbell (1973) pre sented data for
Gales Creek, an L!1pollut2 ... tributary of t h e Sound. · No dcita are
available regarding oxygen levels.
The average di:c.solved inorganic phosphorus (DIP) l ·~•vel
in Gales Creek ranged from a low of 0 . 0 4 3 ug at/1 in April to
0.93 µg at/1 in July. Total phosphorus levels we re high2 r,
10
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Average weighted concentrations of nitrogen fractions in µg-at N/1 for the Core Sound-Beaufort
estuary during the warm (May-September) and cool
(October-April) periods (from Thayer 1971) •
Ammonia
Warm Cool

Nitrite
Warm Cool

Nitrate
Warm Cool

iT Kcw:x,rt Riv er

0 . 69

0.76

0.08

0.03

0.38

0.44

Ne·,,po r 4.: River estuary

0 . 46

0.57

0.06

0. Ol

0.20

0.27

~ort~ ~iver estuary

0 . 54

0.31

0.01

0.01

0 . 48

0. 31

XE Core Sound

0. 3 4

0 . 52

0 .0 3

0. 0 4

0.21

0.61

s~

0 . 37

0. 32

0 . 03

0.02

0.24

0.23

0.44

0. 27

0.03

0.01

o. 2 B

0 . 22

Re-:1:i.on

C-:>r•= Sound

<-1c€an

•

•

•

•

•
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ranging from 0.19 µg at/1 in December to 4.25 µg at/1 in August.
A peak total phosphorus concentration of 21.74 µg at/1 was observed immediately following excavation oi a swimming hole indicating high levels of phosphorus in the bottom sediments.
Average values for total phosphorus and PO4-P in Gales Creek
are plotted in Figure l .Sa.
Four nitrogen fractions were measured, NH3-N, NO 2 -N,
NO 3-N and total N (includes organic N). The NH3-N ranged from
undetectable to 19.09 µg-at/1. This peak value was associated
with excavation of the bottom and declined rapidly to less than
1 µg-at/1. The highest natural peak was 8.49 µg_at/1 in July.
NO 2 - N ranged from undetectable to 5.89 µg at/1 with the highest
values during the summer (average 3 µg_at/1). NO 3-N values
ranged from undetectable to 6.84 µg at/1. Autumn and late
winter-spring values averaged <0.5 µg...at/1, while the winter
average was 1.0-1.5 µg-at/1. The highest concentrations were
observed in mid-summer with an average concentration of 3 µgat/1. Total values ranged from Oto 65.8 µg-at/1 with a winter
and summer peak. Average values for the nitrogen fractions in
Gales Creek are plotted in Figure 1.5b.
The nitrate-phosphate ratio was low, ranging from 0 .2 3
in March to 28.8 in August. The average ratio for various
periods is given in Table 1.3 and Figure 1.5c. These values
indicate that this creek was nitrogen limiting throughout the
year. It should be noted, however, the DIP levels were low
enough to be limiting in many cases regardless of nitrogen
levels. Like Core Sound, Gales Creek is nutrient poor.
b. Susf?ended Solids. No data are available. Brett (1963)
reported that a secci disk "was nearly always visible to the
bottom regardless of depth," in Bogue Sound. The deepest Sound
stations in his study were 4 ft; most stutions 1 to 3 ft.
He
further stated that "water in the lagoon and the rivers has a
murky or cloudy appearance, especially during the warm months ...
During the winter, ... the waters become crystal clear ... "
c.

Organic Pollutants.

d.

Heavy Metals.

1.2.1.5.

No data are available.

No data are available.

Winyah Bay

a.
Biologically Active Materials. Data for the brackish
water portior.s of the estuary are not av.:i ilable , al thougl. data
for the freshwater portion of the system (PeeDee, Waccamaw, and
Black rivers) are available (Johnson 19i1).
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Seasonal distributions of phosphorus and nitrogen
sources and N/I> ratios in Gales Creek, North
Carolin.a (from Campbell 1973) •
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Table 1.3.

Average N0 3 :P0 4 ratios in Gales Creek (from
Campbell 1973).

Season

NO 3 :PO4 rat i o

mid-autumn to late spring

1 to 6

early summer

1. 6

late summer

10

yearly average

3.75

14

•

•
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b . - SusEended Solids .

No data are available .

c. Organic Pol l utants . Sedi ment s ampl es f rom two stations
i n the saline portion of the estuary were analyzed fo r seven
pestic i des {Johnson 19 72J. Only DOD , DDE , and Di eldrin were .det ected.
Conc entra tions we r e l ower at the down..estua r y s tatio n
(Table 1.~).
J

d. Heavy Metals. Johnson (1972) reported concentrations
of s~veral heavy metals in sediment sa~ples from two stations in
the .-;aline portion of the estuary. The values are in Table l.5. ·
t·~incJm ( 19 7 3b) reported data for several heavy metals in water
and suspended sediments {see Tables 1. 12 and 1 .13) from the Pee
:>ee River which enters Winy ah Bay at mile 14.
1 . 2.2 .

Subzone

II

The estuaries in this subzone are not treated individually
because the data base is not complete for specific estuaries.
Each chemical parameter will be d iscussed with appropriate
reference to the specific estuaries for which d .: ita were located.
a. Biologically Active Materials. Ox ygen concentrations
in unpollut~d estuaries of Subzone I I vary widely. The Santee
River has levels rar,_ging from 4.3 to 8.1 mg/1 (61 to 115% satur~tion). The low leve ls are low enough to be critical to sone
species of orga~ism3 , but are a natural pher.omenon in t h is
estuary {Cwnminqs 1970).
I.n the Wando River, oxygen saturation varies from 80 to

90% saturation i n the winter and from SJ to 70% sat~ration in
the surnrr.er (Anonymous 1973). A report prepared by the FWP2A
(Anonymous 1966) presented data on dissolved oxyge~ in Charlest".)ll
:!art.or c~llected in 1964-196 5 . Two types cf sampling programs
were carried ou~, a weekly (routine) san.plir.g program (10
stations) and 6 intensive sampling surveys (sampled at 4 hr
~ntervsls for 5 days at 10 stations) .
Data for the rou~in~
samp~ing program ar~ summarized in Table 1.6. Base::= on these
data and the results of the intensive program, it was conclude~
that the di:=solved oxygen level (in% saturation) decre.J.sE.:d frc,;-.-i
the :nouth of the ha:·bor upstream into t:ie mouthc: of the Cou;er
and ~.shley rive !.- s . The dissolved oxygen lev-~ l in t:.e Coop1.~r
K.ive:::c wa::; <SO~ satu::-ation during August and Septemr9.r.
Pc.,rt Royal So•.md. has oxygen concentrations a•.reragi!'lg frorri
7.07 to 7.87 mg/! i~ April-May, 4.00 to 6.86 mg/1 in July,
5. 74 to 6. 71 l-19/1 i·. Octooer (Ballentir:: 1972).
{S.:i.turati':'n
val1..~s \,ere :·, ot giv - :1 l:Jt cnJld be ca1c-,1lat0.d--usually s:1turation e.xceedL-1 7.; t) • Le ,,; uxy:;en 1 eve ls ·,.;erE. fo :..1~,d c-. ly ~"
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Table 1.4.

Mile

Pesticide concentrations (µg/kg) in sediment samples from two
stations in the Winy ah Bay estuary {Johnson 1972).

Aldrin

11. (.,
9. J

u. o

Table 1. 5.

Mile

DDD

DDE

DDT

Dieldrin

Endrin Heotachlor Lindane

4.2

3.4

0.0

9. l

0.0

0.0

0.0

( •4

0. 0

i. l

0.0

n.o

0.0

1'race metal concentrations (µg/kg) in bottom sediments from two
stations in Winyah Bay {Johnson 1972).

Cu

Mn

Zn

Fe

As

Cd

Cr

Pb

Hg

11.6

7.6xl0 4

2.7xl0 5

9. 2xl0 4

3. 8xl0 7

8.0xl0 3

0

0

1. 6xl0 4

6.3xl0 1

9. 3

4.8xl0 4

7.2xl0 5

9.2xl0 4

4.8xl0 7

l.2xl0 4

0

0

4.0xl0 3

8.8xl0 1

•

•

•

•

•

•

•

•

•

•

Table 1.6.

Minimum and maxjmum values for dissolved oxygen, NH 3-N, N0 3-N, and
total phosI:,>hate during a routine sampling program in Charleston
Harbor, s. C.
(from Anonymous 1966).

Station

Min.

Max.

4.40
4. 32
4 . 39
3.95
1. ..,.,
3.79
3. 2 3
3.60
4. 3S
4.05
2.67
3.15
3.98
3.85
3.10
2.99
3 . :, --.
3.23
2.82
2.61

9.60
9. 50
~.60
9. 20

lS
B

is

B

3£
B

1S

B

5S
B

......

6S

-..J

B

7S

B

BS

B
- ....,
B

Q •.:'

! OS

B

*

DO (mg/l}

-

) . 70

9. ~2
9.65
9.23
9. 50
9.1 0
9.95
9.40
9.55
9.85
10.75
9.20
t). 73
9.60
10.45*
10.30

Nl-!~-N (mg/1)
Max.
tlin.
0.3
0.4
0.3
0.3
0.2
0.3
0.4
f\ . 4
0.3

v. 4
0.2
0.3

0.2

0.3
0.3
0.2
0.4
0.4
I) • 4
0.4

U.7
0.9
0.6
0.8
C.8
0.7
0.5
0.6
0.6
0.7
0.5
0.7
0.7
0.9
0.9
0.7
') . 6
0.6
0.6
0.9

N0 1- ~ (mg/1)
Max.
Min.

Total P04 (mg/1)
Max .
Mi n .

~0. 1
<O. 1
<O. 1
<O. 1
<') . 1
<O .1
<0 .1
<0 .1
<0 .1
<0.1
0. 1
<O .1

0 .1
0 .1
0.1
0 .1
0.2
0.2
0 .1
0 .1
0 .1
0.1
0.2
0 .1

<0. 1
0.02
0 . 02
0 . 02
0.04
0.05
0.02
0. 0 3
0 . 02
0 . 02
0 . 05
0.04

0 . 23
0 . 35
0 . 29
0 . 54
i. n
1. 05
0 .17
0.34
0 .17
0 . 25
0. 1 9
0 . 23

<0 .1
0. 1
<O .1
<C 1
<0. 1
<0.1
<O. 1

0. 1
0.2
0.2
0.2
0.2
0 .1
0 .1

0 . 04
0 . 03
0 . 02

0.24
0 .1 9
0 . 28

<0 .1

Station 13 , replaced Station 10 during May 1 965.

0 .1

0.02

()

()4

0.04
0.02
0 . 02

0 . 21

fl

, '.)

~. J

0 . 57
0 . 35
0 .23

•

confined waters and were due to biological activity.
Introduction of wastes with a high BOD load would bc- extremely detrimental i~ those estuaries which naturally ha~e
rather low oxygen concentrations, especially in the summer.
Present high BOD levels result mainly from the large amounts of
organic matter exported from ·salt marshes.
Stickney and Miller (1973) found dissolved oxygen levels
below 2 mg/1 in deep water near Fort Jackson on the Savannah
River, a polluted estuary. They concluded that these low levels
resulted from sewage and industrial pollution. The situation
prior to sewage dumping in the system is unknown.
The St. Marys and Amelia Rivers and Cumberland Sound receive domestic wastes from Fernandina Beach, Florida and St.
Ma~ys , Georgia, and industrial wastes from three paper production plants (ITT Rayonier, Continental Can, and Gilmnn). Gallager (1967, revised 1971) reported on dissolved oxygen levels in
the system during a 1967 survey. The Amelia River had a low
mean oxygen level of 2.0 mg/1 (30% saturation) just upstream
from all waste discharges (a minimum value of 0.6 mg/1 was reported). The river recovered rapidly at its mouth (5.3 mq/1,
79% sat.) due to mixing with ocean water. The mean dissolved
oxygen level of the St. Marys River above the confluence wici1
the North River was 4 mg/1, 3.9 mg/1 below the confluence. One
and one half miles downstream the oxygen level averaged 4.5 mg/1.
The North River itself had a low mean dissolved oxygen of only
1.6 mg/1 just upstream from the waste outfall. At times, there
was zero dissolved oxygen at this station. Cu'.!lberland So:rnd was
not adversely affected, with an average dissolved oxygen level
of 5.6 mg/1 at the mouth. Domestic and industrial waste treatment was recommended to improve these conditions.
Detailed studies of nutrient distribution in the estuaries
in this subzone are not available. The rivers draining into the
estuaries of this segment of the coast are generally considered
to be nutrient poor but have not been well studied. Table 1.7
includes some represe~tative data from various sources fer
rivers and estuaries Ln this Subzone. Data for Charleston
Harbor are presented ln Table 1.6.
Charleston Harbor, a polluted estuary, had high nutrient
concentrations. NH 3-N ranged as high as 64.2 µg q.t/1 (=0.9 mg/1),
NO 3 -N as high as 14.2 µg at/1 (=0.2 mg/1) and PO 4 -P as high as
35.8 µg at/1 (=1.11 mg/1). These values are markedly higher
than those for any other estuary for which data are available.
Early studies, carried out by Pomeroy (1960) a~d his
students, were mainly directed at studyin~ the flow of phosphoruc
18
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Table 1.7.

•

•

S ummary of available nutrient data
Sub z one II.

Si0 2

U.0-0.8 mg/ 1

Wando Rive r
Winter

<0.25

Summer

ND

•

•

(mg/1) for rivers and estu aries in

River/estua;_-y
Santee River/Estuary

•

<l mg/1
0.03-0.87
{ us u.1 l i < 0. 3)
ND

<5 mg/1
ND

Source
Cummings 1970
Anonymous 1973

ND

Charleston Harbor
(See Table 1. 6)
North Newpo rt Estuary
F resh
Sal t
Port Royal Sound
i.pr i l -May

7.1
0.2-0.33

3

5-9

22

Dyar et al. 1972

1. 6-7. 8

Ballentine 1972

J .0 :!-0.0 3 mg/1

*

ND

Ju l y

0.05-0.09 mg/1

*

ND

Octobe r

0.06-0.09 mg/1

ND

ND

O. 7-0. 9 µg -at/1

ND

ND

Pomeroy et al. 1965

ND

ND

Thomas 1966

NO

ND

Doboy Sound
Altamaha River Estuary

.1 µg-at/1
0. 5-4 µg ...at/1

ND= No Data
*NH 4 , N0 2 , and N03 analyses were made, but values rarely exceeded the detectable

liLlit.

Values not given iu original report.

•

through the estuarine system. Their work has contributed greatly
to our understanding of the flow of phosphorus, especially in
salt marshes.
Pomeroy et ·al. (1965) found dissolved inorganic phosphate
(DIP) levels of 0.7 to 0.9 µg..at/1 in Doboy Sound, Georgia.
They demonstrated that the concentration in the estuarine water
is stabilized by equilibrium exchange with the sediment, which
is essentially a phosphorus sink. They argued that while ambient
DIP levels are low, they can be maintained even during periods of
maximum phytoplankton growth by rapid release from sediments. In
laboratory experiments, the DIP level of PO 4 poor water reached
0.7-0.9 µg-at/1 in little more than one hour exposure to natural
sediments. Turbulence by wind and wave action would probably
accelerate the equilibrium reaction.
Thomas (1966) cited unpublished data of Pomeroy indi~ating
a phosphorus concentration of 0.1 µg~t/1 in the fresh water
Altamaha River and 0.05 to 4.0 µg-at/1 in Altamaha Sound. His
data for the ocean off Altamaha Sound are presented later with
a discussion of phosphorus transport from the estuary.
b. Suspended Solids. It is well known that the estuaries of Subzone II are highly turbid (Ragotzkie 1958; Hoese
1973). Much of the sediment load consists of organic detritus
derived from salt marshes adjacent to the estuaries in this
subzone. Yet actual data on the suspended solids load (mg/1)
are scarce. Some data on turbidity (in JTU) and secchi disc
readings are available in some instances. Table 1.8 gives
values for various estuaries (no attempt is made to reduce the
data to a single unit of measurement).
c. Organic Pollutants. Little or no data are available
on pesticide levels ir. estuaries in this subzone. Reimold and
Durant (1972a, 1972b; Reimold et al. 1973) in unpublished reports on studies conducted near Brunswick, Georgia, assoc i ated
with a toxaphene plant found that reduction of the plant effluent toxaphene concentration from .. 180 ppb to <10 ppb allowed
an increase in both n~nber of species and individuals and infaun~l
diversity over a three ye~r period.
The toxaphene levels in
cordgrass (Spartina alterniflora) and anchovies were also
markedly reduced.
Mahood et al. (1970) reported on pesticides in blue crabs
collected from North and South Carolina, Georgia, and Florida
( St. Johns River and ~-Torth) . They analyzed for al.drin , B!-!C,
dieldrin, DDT, DDE, D!)D, endrin, heptachl,,r epoxide , methnxych lor ,
mirex, toxaph~ne, and chlordane. DDT and its derivatives were
found in 100 % of the nJec imens sampled (T 1ble l. 9) .
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Table 1.8.

Suspended solids loads of various estuaries of the southeastern United
States coast.
Date

Estuary
Subzone I
Beaufort Channel

Location

JTU

1963

Subzone II
North Santee

14 II 69
II

23 IV 69
II
II
II
II
II

5 V

II

69

II
II

South Santee

14 II 69
n

II

24 IV 69
18 V 69
II
II

Santee River

23 IV 69
II

17 V 69
January

Wando/Cooper
River

August

Charleston Harbor
.April/May

July

October

Secchi
disc

mg/1

0. 7-2 m*

II

Port Royal
Sound

Depth

mile 5.9
5.9
5.9
mile 5.0
5.0
7.0
10.0
14.0
18.0
5.0
7.0
10.0
18.0
7.0
7.0
7.0
5.0
5.0
7.0
10.0
24

2
10
18
depth
integratec

"

II

"

8

9
10
11

-----·
-------------

-----

0

II

II

"
2
8
12
depth
integrated
II
II
II

depth
integrated
II

~,..._-~

-----

II

n

,_

-----

II

29
29
Station 1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
surface
bottom
Station 1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10
1
2
4
5
6
7

__ ----...___,.....

-----------------------------------------

-------------

14.3** 2½-3ft**
11.2
2½-3
10.3
3-5
7.7
2½-3½
17.3
3-5½
3½-4
6.6
3.2
3-4
2.5
3-4½
4.6
2¼-4½
3.7
2¼-4
3.7
3-4
5.5
2-4
7.3
2 34 -4
6.3
2-4
7.5
2½-3½
8.4
2-3½
15.4 to 64.2
31.5 to 257.0
16.2
3.5
12.3
4.0
7.9
4.0
10.3
4.0
11.9
4.0
8.8
4.0
10.2
3.5
9.7
3.5
6.6
4.5
8.7
4.5
50.9
3.5
23.4
3.0
5.0
14.8
27.1
2.5
22. 4
2.4
2.5
19.6
19.9
3.0
5.6
7.5
11.6
4.0
23.2
2.5
30. 0++ 2.5
19.0
3.0
17.0
3.5
2.5
22.0
17.0
2.5
15.0
2.5
19.0
5.0
80. 0
5.0
31.0
3.0
16.0
3.0

Source
Williams & Murdoch 1966

56
61
94
47

Oummings 1970

22
71
71
47
44
25
30
56
20
119
148
178
47
16
23
40
29
31
15

Anonymous 1973

--

34+ Ballentine 1972
27
16
20
25
17
21
29
14
19
96
45
32
62
44
44
41
11
26
50
75
42
31
63
40
41
37
20
41
44

*Annual range.
**Read from graph. Values for turbidity on data sheets do not correspond.
•~•Range over two week sampling period.
+Average values.
++Values in original publication were incorrectly reported an order of magnitude
lower {Ballentine. oerson.:1 l r,nmm11n i r,:. +-.; ,..,... \

I

Chl orinated hydrocarbons in b lue crabs (f r om
Mahood et a l. 1 970) .

Tal?l e 1. 9 .

Location

% occurrences

North Carolina:

50 sampl es

DDD

DDT
i' i r ex
Die l dri n

0 . 051
0 . 053
0 . 077
0 . 0 23
0 . 003

0 . 010
0. 0 1 3
0 . 0 12
0 .00 5
0 . 00 2

0 .1 88
0 .122
0 .21 3
0 . 045
0 . 0 05

28

0 . 076
0 . 081
0 . 09 2
0 . 088
0 . 009

0 . 0 09
0. 0 11
0 .012
0 . 00 5
0 . 00 2

0 .1 60
0 .1 80
0 .2 47
0 .209
0 . 019

100
100
100
54
36

0 . 068
0 . 077
0 . 09 2
0 .16 2
0 . 017

0 . 012
0 . 015
0 . 018
0 . 01 5
0 . 004

0 .17 9
0 .2 31
0 .17 6
0 . 389
0 . 07 2

100
100
100
31
2

0 . 066
0 . 0 47
0 . 08 2
0 . 0 31
0 . 008

0 . 0 12
0 . 0 10
0 . 0 18
0 . 005
0 . 008

0.1 80
0 .114
0 .196
0 .164
0 . 008

1 00
100
1 00

44

50 sample s

DDD
DDE
DDT
Mi rex
Diel drin
Florida:

Hi g h

50 samp l es

DDD
DDE
DDT
Mirex
Dieldrin
Georg i a:

Low

100
1 00
100
16
10

:>DE

SolJth Ca rolina :

Me a n

45 samples

DDD
DDE
DDT
Mir e x
Die l drin

23

Mirex was found in 54% of the samples with a maximum level of
0 . 389 ppm in Georgia. Dieldrin occurred in 36% of the samples
with a maximum level of 0.072 ppm in Georgia. Seasonal variations were observed, with peak levels corresponding approximately to periods of peak usage .
Ballentine (1972) reported analyzing for pesticides in
sediments in his Port Royal Survey, but no data or commentary
were presented .
d. Heavy Metals .
Windom and his colleagues at Skidaway
Institute of the University of Georgia have an ongoing project
to study heavy metal flux through the estuaries of the southeastern United States funded by IDOE. Several reports and
papers have been published to date (Windom et al. 1971; Windom
1973b; and Windom 1971a).
The concentration of Fe, Mn, Zn, Cu, and Ni at 10 stations
in the Altamaha, Ogeechee, and Satilla rivers is shown in
Table 1.10. These three rivers have similar aqueous concentrations of all metals except iron . The Ogeechee River has 10
times the concentration of Fe found in the other two rivers.
The concentration of the metals in suspended matter is quite
uniform except for Mn -with a maximum concentration in the
Altamaha a n d minimum i n the Ogeechee River (Table 1.11). No
explanation for these differences was vent u red by the authors.
Windom (1971a) gave a more comprehensive set of data for the
Altamaha River and St. Catherines Sound. Diurnal variations
were high as a function of tidal conditions. Variability was
generally greater in the summer than the winter . Fe varied with
season, showing a peak during the winter. Most elements s h owed
little or no seasonal variation (Table 1 . 12).
Recently , Wi ndom (1 9 7 3b ) s ummarized t he c oncent r ation of
me t a ls i n wate r and s e diments fro m n i ne r i vers f r o m Wi nyah Ba y
t o St. J o h n s Ri ve r, Flo rid a. These data are gi ve n i n Tab les
1.1 3 a n d 1 . 14 . All the s e ri vers are q u ite simila r i n r egard
t o the me tals listed . Based on the s e s everal studi e s, Wi ndom
(1 9 7 3b ) c alc u lated the n et a nnua l fl ux o f several meta ls
through s a ltma rsh es t uari e s (Table 1.15 ).
?~llentine (1972) reported on metal concentrations in
Port Royal .Sound (Tabl e 1. 16) .
He found no detectab l e amounts
of Ba, Cd, C r, Hg, Mn, or Ni in water. Considering the l ow
level!; observed by Windom (in th<: ppb range) the ..fai l ure of
Ballentine to f i~1d these meta l s probab l y l ies in use of
anal ytical ~et.hods inadequate to-the task. The sedimentary Hg
concentration (Tab l e 1.17) in Port Royal Sound was within the
range found r.y Windom for other rivers in the area, b u t oth e r
sedimentary metal concentrations were much l ower than found by

24
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Table 1.10.

Elemental concentration in solution {Windom et al.
1970).

Fe
{ppb)
Altamaha
1
2
3
4

5
6
7
8
9
10
Average
O9:eechee
1
2
3
4
5
6
7
8
9
10
Ave rage
Satilla
1
2
3
4
5
6
7
8

9
10
Aver c.0•~

32
34
42
35
24
32
34
12
20
29
90
220
220
300
250
465
275
4 40
385
465
31 1
30

35

2 -~

21
17
l 'l

P.1

9ll

41

Mn
(ppb)

Zn
(ppb)

36
41
52
38
46
53
72
32
43
50
46

4.9
3.7
0.7
1.5
3.7
2.9

Cu
(ppb)

4.0
1.8
3.0
1.9
3.1
5.0
2.3
0.5
2.7
2.5
6.0

58
73
88
89
77
73
78
85
58
78

6.1

5.4
1.0
1.0
4.5
1.0
2.6

76
38
30
40
37
38
48
50
58
76
73

4.7
0.8
1.0
2.0
2.1

49

25

3.0
3. 3

Ni

(ppb)

1.5

1. 4
1.4
1.0
o.8
0.9
0.7

2.5
3. 3
2. 5

1.0

3.6

0.9

3.1
7.0
1.4
2.2
1. 6
l. 8
3.3
2.0

2.8

1.9

1.2
0.9
1.4
2.3
1.5

-

Table 1.11.

Elemental concentration in suspended matter (Windom et al. 1970).
Suspended
Matter
Fe
(mg/1)
(%)

Altamaha
1
2
3
4
5
6
7
8
9
10
Average
O9:eechee
1
2
3

4

5
6
7
8
9
10
Average
Satilla
1
2
3
4
5
6
7
8

9
10
Average

Mn

ppm

26.4
30.9
20.2
24 . 1
23.8
19.7
16.8
20.5
20.2
21. 9
22.4

4 . 66
5.51
6.10
5.00
5.57
5.18
5.87
5.74
5.30
5.22
5 . 91

970
950
1370
1350
1190
1290
1510
1040
1160
1180
1200

30.0
33.9
33.8
26.8
22.1
16.4
25.0
13.0
13.8
13.6
22.8

2.99
7.70
6.56
6.63
6.18
5.35
4.92
3.55
5.41
5.49
5.47

258
299
307
259
151
177
174
230
340
244

19.5
28.3
.55. 4
39.9
53. 6
31.7
34.1
5 2. g..
54.7
65.4
43.5

3.94
6.37
4.41
4.28
4.58
3.85
4.34
5.46
5.28
4.73
4.72

1300
1100
1300
1000
1100
700
450
400
420
350
812

26

Ni

Cr
ppm

26
53
44
27
26
37
30
25
42

161
257
239
235
187
387
404

376

34

267

30
29
41

115

Zn
ppm

Cu
ppm

Co
ppm

743
593
69 6
686
1569

4 01
153
10 2
135
102
85
108
124
183
129
152

787

845
341
532
316
529
636
923
1077
460
448
584
560
707
84 7
670
533
533
135
535
591
561

52
280
248
323
137
121
60
33
92
168
151
19
52
51
69
17
26
34
40
23
89

42

34
43
24
27

ppm

137
127
204
95
75
52

352
1 41
329
398
221
362
311

4 65
383
249
366

32

115

16

95
127
244
167
235
235
106
119

450
500

193
169

4 70

16
18
25
18
25
25
-2 3
24
·21

400
532

•

Table 1 . 12 .

Element

Concentrations of various elements in two Georgia
estuaries (from Windom 1971a) .
Altamaha River
August February/March

St. Catherines Sound
August February/March

Barium

0 . 05 ppm

0 . 02 ppm

0 . 04 ppm

0.03 ppm

Cerium

0 . 001

0 . 003

0 . 0008

0 . 0007

Cesium

0.0005

0.000002

0 . 0005

0.00006

Chromium

0.0014

0 . 0008

0 . 0011

0.0013

Cobalt

0.0077

0 . 0004

0 . 0005

0 . 00075

Copper

0 . 003

0 . 0054

0.0025

0 . 00 34

Iodine

0 . 05

0 . 02

0 . 04

0. 0 3

Iron*

0 . 021

0 . 066

0 . 0044

0 . 38

Manganese

0 . 007

0 . 019

0 . 0015

0 . 0078

Mercury

0 . 00018

0 . 00017

0 . 0002

0 . 00018

Molybdenum

0.0004

0.0002

0.0003

0 . 0002

_Neodymium

<0.0001

<0 . 0001

<0 . 0001

<0 . 0001

Niobium

<0.0001

<0.0001

<0 . 0001

<0 . 0001

0.044

0 . 022

0 . 063

0 . 044

<0.0001

<0.0001

<0.0001

<0.0001

Phosphorus*
Ruthenium
Silver

0.0002

0.00022

0.0015

0 . 00005

Sodium*

0.0043

0.0011

0.0076

0 . 0063

Strontium*

3.3

l. 0

5. 3

4.8

460.0

120.0

1100.0

1000.0

Sulfur*
Zinc
Zirconium

0.0088

0.012

0.014

0.0038

<0.0001

<0.0001

<0.0001

<0.0001

*Averages for two day period, samples taken every two hours .
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Table 1.13.

Mean and range of dissolved metal concentrations
in southeastern rivers (Windom 1973b) 1

- - - - - - - - - - ~ pb- - - - - - - Hg

River

Fe

Mn

Cd

Cu

Pee Dee

Mean
Max
Min

210
450.
90

21
40
12

1.0
1. 4
0.4

6.4
8.2
4.9

0.06
0. 10
0.02

Black

Mean
Max
Min

240
410
60

18
53
8

1.0
3.6
0.1

7.0
13.0
1.2

0.06
0.14
0.02

Santee

Mean
Max
Min

170
360
30

12
53
3

0.4
0.7
0.1

2.8
4.0
1. 7

0.05
0.08
0.02

Cooper

Mean
Max
Min

80
240
10

3
8

fJ. 7

2.6
0.1

3. 3
6.5
1.8

0.04
0.08
0.02

Mean
Max
Min

170
380
70

21
34
6

0.3
0.6
0.2

3.0
5.5
0.8

0.07
0.13
0.02

Ogeechee

Mean
Max
Min

310
490
140

33
63
15

1.0
2.0
0.4

4.2
9-. 0
1.0

0.07
0.14
0.02

Altamaha

Mean
Max
Min

150
280
30

17
39
2

0.8
2.6
0.2

3.5
5.8
1.1

0.05
0.06
0.02

Satilla

Mean
Max
Min

370
610
280

42
85
22

0.8
1. 6
0.3

5.7
10.0
4.0

0.07
0.14
0. 04

St. Johns

Mean

70
90
40

4
8
2

0.8
1.5
0.1

3.5
5.0
0.6

0.05
0.08
0.03

Savannah

~-

K

.M.:.n

1

1 Basee on results of a total of from 6 to 30 samples collected
from each ri •1er bimonthly, May 197 2 to July 19 73..

Analyses mad~ by atomic absorption (Fe, Mn, and.Hg) and anodic
stripping (Cu and Cd) techniques on samples filtered through
0.45 µ Millipore filters.
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Table 1.14.

Average metal concentration in suspended sediment
of southeastern rivers 1
Ave. Suspended
Sediment Load
(mg/1)

River
Pee Dee
Black
Santee
Cooper
Savannah
Ogeechee
Altamaha
Satilla
St. Johns

Fe

%

6.6
5.0
5.7
5.7
8.2
5.0
5.2
6.2
4.4

9
11
53
7
22
7
16
26
12

ppm

Mn

Cd
ppm

Cu
ppm

Hg
ppm

1050
1490
1400
830
1120
1300
1600
330
500

5
7
3
15
8
13
26
10
20

44
115
48
125

0.5
0.6
0.2
1.0
0.7
0.6
0.7
0.4
0.6

76

130
100
35
96

1 Based

on results of a total of from 6 to 30 samples collected
from each river bimonthly, May 1972 to July 1973.

Analyses made by atomic absorption after HF digestion (Fe, Mn,
Cd, and Cu) or wet digestion with H2 So4 -HNO 3 (Hg).

Table 1.15.

Budget for the annual flux of metals through southeastern Atlantic salt marsh estuaries.
Fe
(10 3 Kg)

Mn

Cd

Cu
(10 3 Kg)

62

1866

52

304

3.6

Sedimentation Loss (K s )

210

1200

9

66

0.4

% Sedimentation Loss

100

64

17

22

0

666

43

238

'lbtal Input (K.l. )

Net Flux through Estuary (K.)
l.

Hg

11
3.2

I

j

I

I
I
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Table 1.16.

The concentration of heavy metals in water samples {mg/1) collected at
10 stations in Port Royal Sound during July {from Ballentine 1972). Values
during April-May and October were essentially the same at all stations.

Station
Al
Ba
Cd

Cr

Cu
Hg
Mn
Ni
Pb
Zn

1

0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.01
0.01

4

2

0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.01
0.02

0.02
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.02

5

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02

7

6

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02

0.01
0.00
0.00
0.00
0.01
0 . 00
0.00
0 . 00
0 . 00
0.01

8

0.01
0.00
0.00
0.00
0.01
0 . 00
0.00
0.00
0.00
0.01

10

11

0.01
0.00

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01

9

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01

o.oa

0.00
0.01
0.00
0.00
0.00
0.01
o·. 01

w
0

Table 1.17.

Sediment {mg/kg) max. values observed during 3 sampling periods in
Port Royal Sound {from Ballentine 1972).

Station

1

Ba
Cd

0.00
<0.5

Cu

3.6
0.04
45

Cr •

Hg

Mn
Ni
Pb
Zn

8

8
8

10

2

0.00
<0.5
12

4

6

9

10

11

0.00
<0.5
6.3

0.00
<0.5
19

0.04
0.04
0.03
0.03
0.03
0.03
60
120
160
120
100
100
10
20
8
8
10
10
13
10
15
13
10
11
15
13
18
15
15
15

0.03
85
10
12
14

0.03
100

0.03
60
10
10
15

8

4

6

0.00
<0.5
1.5

8

0.00
<0.5
1.8

0.00
<0.5
1.6

0.00
<0.5
1.5

7

0.00
<0.5
1.0

4

0.00
<0.5
30

5

4

4

5

2

3

10
11

4

•
•

•

Windom in other rivers of the southeastern United States.
probably reflects differences in methodology .
l. 2. 3.

•

•

•

•

•

•

•

Subzone III ·

The only major estuary in this subzone is the St. Johns
River.
Detailed data on the chemistry of this estuary have not
been located .
1.2.4.

•

This

Estuarine Pesticide Monitoring Program and Other Pesticide Studies

. Pesticide residues have been reported in various organisms .
The Bureau of Sport Fisheries and Wildlife conducted a nationwide
monitoring p"rogram starting in 196 7 to determine residue levels
in fishes (Henderson et al. 1969; Henderson et al. 1971). Four
stations were within the survey area (Cape Fear River, Cooper
River, Savannah River, and St. Johns River) in the lower fresh
water reaches. Average values in fishes for three sampling times
are summarized in Table 1.18 (the species of fish included for
each sampling site were not the same).
Carver (1971) briefly described the estuarine monitoring
program initiated by the Bureau of Commercial Fisheries and
transferred to the Environmental Protection Agency. He provided no information on sampling sites or results to date. This
program was aimed at levels in oysters and clams because of their
ability to concentrate pesticides to measurable concentrations
when the ambient concentration is as low as 10 parts per trillion,
well below chemically detectable limits .
The results of the National Pesticide Monitoring Program
with oysters were described by Butler (1973). Sampling sites included 18 stations in North Carolina, 17 stations in South earolina, and 11 stations in Georgia. No stations were located on
the east coast of Florida (9 were located on the west coast) •
The data for each state are summarized in Table 1.19 (more detailed summaries of the data can be found in the original publication).
The mos t frequently observed pesticide in all states was
DDT (and its derivatives).
Butler (1973) analyzed the North
Carolina data in more detail and showed that the frequency and
magnitude of DDT occurrence declined markedly during the study
period.
Dieldrin was observed in all three states, but was
. present in a significant number of samples only in Georgta.
Mirex was observed in South Carolina. Toxaphene was .found in
samples from four routinely sampled estuaries in Georgia. This
was attributed to the waste from a single production plant. As

31

Table l.18~

Mean levels of organochlorine insecticide residues
in fishes {from Henderson et al. 1971).

Location

DDT and metabolites
Spring
Fall
.F all
1968
1968
1969

Dieldrin
Spring
Fall
1968
1968

Fall
1969

Cape Fear River

0.49*

1.23

1.40

0.13

0.05

0.05

Cooper River

2.91

2.59

1. 74

0.15

0.01

0.01

Savannah River

0.40

0.59

0.63

0.38

0.68

0.48

St. Johns River

0.21

0.26

0.15

0.01

0.00

0.01

*mg/kg, wet weight, whole fish.
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Tctble 1. 19.

St a tion
Numbe r

w

w

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Swnmary of data on organochlorine residues in the monitored species

(C .
A.

v .i r gin i ca ) •

North Carolina, 1966-1972.

Lo c a tion
Wanc h ese
Sa l vo
Wysocking Bay
Rose Bay
Bay River
Neus e River
Point of Marsh
West Bay
Back Bay
Jarrett Bay
North River
Newport River
Bogue Sound
White Oak River
New River
Wrightsville Beach
Southport
Shallotte River

Total number of samples

Monitoring Number of
Period
Samples 1
1966-72
1966-72
1966-70
1966-72
1966-72
1966-70
1966-72
1967-72
1966-67
1966-72
1966-72
19 66-72
19 67-72
1966-70
1966-72
1966-70
1966-72
1966-70

Number of Positive Samples & Maximum
Residue ( ) Detected in EJ2b {µg:/kg)
DDT
Dieldrin

72
71
43
71
71
43
71
58
9
66

49
58
35

68
51
43
72
43
72
43

54
33
30
61
35
32
38

64

46

69
43
53
34
8
42

48

(2 64)

(56 6)

(64)

(121)
(310)
(176)
(139)
(7 4)
(103)
(106)
(172)
(121)
(71)
(60)
{118)
(5 7)
(116)
{51)

3
2

(14)
(12)

2

(19)

2
3

(10)
{13)

1,031

Percent of samples positive for indicated compound 75
1 Each sample represents 15 or more mature oysters.

1

Table 1.19.

Station
Number
1
2
3
4
5
6
7
8
9
10
11
w

ob

12

13
14
15
16
17

(Cont'd).
B. South Carolina, 1965-1969.

Location

Monitoring Number of
Pe riod
Samples 1

North S a ntee Bay
South Santee Bay
Bul l Creek
P rice Creek
Inlet Creek
Hog Island Channel
Wando River
Ashley River
Fort Johnson
Steamboat Creek
Toogoodoo Creek
Big Bay Creek
St. Pierre Creek
Whale Branch ..

Skull Creek
May Creek
New River
Occasional stations
( 6)

1965-68
1965-68
1969
1965-68
1965-68
1965-68
1965-68
1965-69
1969
1965-69
1965-69
1965-69
1969
1965-68
1965-68
1969
1969
1965-68

Total number of samples
Percent positive for indicated compound
NOTE:
1 Each

Number of Positive Samples & Maximum
Residue ( ) Detected in . ppb (µg/kg)
DDT
Dieldrin
Mirex

41
40
12
42
42
41
42
54
12
54

10

54
12
41

32
7
21

53

39

12
12

7

14

2
25

21

33
31

(19)
(80)
(10)
(81)
(52)
( 7 3)

(4 4)
45 (154)

4
26
40

12

3
1
5

(10)
(32)
(9 8)
(91)
( 88)
(79)
(30)
(15)
(16)
(201)

4

3
2
2

(19)
(19)
( 13)
(12)

8

(90)

1
1
1
2

(35)
(11)
(21)
(15)

2

1 (190)
1 (540)
( 3 8)
1
1
(38)
(T)
1
1 ( 3 8)
3
1

610
54

T = >S but <10 ppb.
sample represents 15 or more mature oysters.

4

(35)

2

(37)
(2 7)

-

-

Table 1.19.

Station
Number

w

u,

1
2
3
4
5
6
7
8
9
10
11

•

•

•

•

•

•

•

•

(Cont-'d).
C. Georgia, 1967-1972.

Location

Number of Positive Samples & Maximum
( ) Detected in ppb ( ug/kg)
Monitoring Number of Residue
Period
Samples 1 DDT
Dieldrin
Toxaphene PCB's 2

Lazaretta Creek
Wilmington River
Ogeechee River
St. Catherine Sound
Sapelo Sound
Doboy Sound
Egg Island
St. Simons Sound
Terry Creek
Jekyll Island
Satilla River
Occasional stations
. ( 2)

1967-72
1967-72
1967-72
19 67-72
1967-72
19 67- 72
1967-72
1967-72
1967-70
1967-72
1967-72
1968-69

Total number of samples
Percent positive for indicated compound

64

65
65
65
65
64

65
65
16
62
64
4

30
21
13
7
12
7
3

*

(96)
(86)
( 50)
( 15)
(50)
( 27)
(52)

*
*
3 (15)

58 (2 30)
27
(9 0)
(26)
15
(T)
2
(12)
6
8
(14)
(2 3)
22
(T)
3

*

1
1
2
1
64
(7 500)
16 (54000)
37
(3500)
8
(1000)
3 (13000)

2
8
1

664
15

21

19

NOTE: T = >5 but <10 ppb.
1 Each sample represents 15 or more mature oysters.
2 Present but not quantified.
*Presence of toxaphene prevented quantification of DDT and its metabolites.

2

•

indicated in Section 1.2.2.c., treatment of the effluent has reduced the level of toxaphene concentration in this area since the
last sampling data reported for the National Pesticide Monitoring
Program. The tissue levels of all pesticides plus laboratory
data suggest that concentrations in the aqueous medium were in
the range of l0's of parts per trillion.
Woodwell et al. (197J) studied DDT residue distribution in
a Long Island, New York estuary. Their data indicate successively greater concentrations at each trophic level. They argue that
their results are representative of other estuaries although
species and concentrations may differ. Reimold et al. (1972a,
1972b, 1973) suggest that this may be true for toxaphene in the
estuaries near Brunswick, Georgia.
Croker and Wilson (1965) reported on a field experiment
with DDT conducted in a tidal marsh ditch on the west coast of
Florida. They demonstrated that the pesticide became concentrated in the biota causing extensive mortality. The highest
level detected in the water was found in a surface film sample
(133 ppb) described as an "accumulation of oily DDT." This has
been interpreted by several authors to mean concentration in an
oil slick. Seba and Corcoran (1969) have shown that surface
slicks are indeed concentrators of pesticides with a concentration factor of at least 10 5 • With water concentrations <l part
per trillion, they found total concentrations for all organochlorine pesticides in surface slicks ranging from 0.093 to
12.75 ppb.
Reduced usage of persistent pesticides reduces the potential of environmental damage by these compounds. However, nonpersistent organophosphate pesticides, generally considered of
little import in estuarine or oceanic waters because of their
rapid breakdown rate in alkaline solutions, may have a significant impact immediately following application. For example,
Miller et al. (1971) found parathion at toxic levels in waters
of both target and non-target areas after spraying of a cranberry bog in Massachusetts. Such ephemeral extremes may destroy the fauna of localized areas. · Present monitoring programs are not designed to identify such situations.
1.3.

Continental Shelf

a. Bi o l ogica lly Active Materials. The dissolved oxygen
concentration at the surface over the shelf and s~ope was essentially homogeneous during the fall 1954 T. N. GILL cruise,
ranging from 4.17 to 5.01 ml/1. During the winter the nearshore waters had a surface dissolved oxygen concentration >5
ml/1 with some isolated pockets of lower dissolved oxygen (off
36
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•

•

Cape Fear in 1954) while further offshore the oxygen concentration remained in the same range as during the fall (Fig. 1.6).
Along any given transect, dissolved oxygen decreased with distance offshore. The spring surface distribution was similar to
the winter distribution, but the 5 ml/1 contour was uniformly
near the 200 m depth contour and pockets of low oxygen concentration near shore were small. During the summer, the only area
with oxygen levels >5 ml/1 was the area off Subzone I, out to
the 200 m contour.
To describe the vertical distribution of dissolved oxygen,
four cross-shelf transects from the T. N. GILL cruise data were
selected for discussion; Cape Hatteras, Cape Fear, Savannah, and
Cape Canaveral. These transects are approximately equal-spaced
along the coast line. Data from the T. N. GILL cruises regarding
other biologically active materials were also examined for these
transects.
The vertical distribution of dissolved oxygen from Cape
Hatteras (Fig. 1.7) to Cape Fear (Fig. 1.8) exhibited a decrease
from greater than 4.5 ml/1 at the surface to a minimum of 3 to 4
ml/1 at a depth of 150-400 m during the winter and spring seasons
at both capes and the summer season at Cape Hatteras. The concentration increased again at 700 to 800 meters at Cape Hatteras
and 400 meters at Cape Fear. During the other seasons, dissolved
oxygen concentrations decreased monotonically with depth. The
increase in dissolved oxygen is characteristic of North Atlantic
Deep Water (Sverdrup et al. 1942 ) .
These are the only areas
where this water mass approaches the shoreline. The data for a
transect off Cape Lookout from the R/V EASTWARD data show the
same distribution characteristics for dissolved oxygen (Fig .
1.11, derived from Stefansson and Atkins 1967). Stefansson and
Atkins (1967) showed that the oxygen minimum at mid-depths is
a result of the intrusion of subsurface Caribbean water during
some time periods.
South of Cape Fear the dissolved oxygen concentration decreased monotonically during all seasons (Fig. 1.9 and 1.10) .
In most cases the oxygen isopleths were steeply sloped in the
offshore direction over the continental slope. Oxygen concentrations were essentially homogeneous over the continental shelf.
Total phosphorus did not bear a constant relationship to
dissolved phosphate-phosphorus during the T. N. GILL cruises .
Total phosphorus was highest during the winter-spring seasons
(Fig. 1.12). The concentration decreased with distance offshore.
The major sources seem to be the sounds and rivers.
Total
phosphorus concentration throughout the region increased
monotonically with depth (Fig. 1.13, 1.14, 1.15, l.lf;).

I

•

37

....,

\·
'\

, - ~<40

;,.·. . . ~-L...

..... . ._ · ;.

I ••

'j .

.! . Tl - -··
'

1

1-~)..,_.
Figure 1.6.

I

• -

--- p .....
L

•

i

1w

~·~-j~.
L

Seasonal distribution of dissolved oxygen in
surface continental shelf waters off southeastern
United States based on data from the T. N. GILL
cruises.
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Vertical distribution of dissolved oxygen (ml/1)
along a transect off Cape Hatteras, North Carolina
based on data from the T. N. GILL cruises.
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Vertical distribution of dissolved oxygen (ml/1)
along a transect off Cape Fear, North Carolina
based on data from T. N. GILL cruises .
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·Figure 1.9.

Vertical distribution of dissolved oxygen (ml/1)
along a transect off Savannah, Georgia based
on data from T. N. GILL cruises.
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Figure 1.10.

Vertical distribution of dissolved oxygen (ml/1)
along a transect off Cape Canaveral, Florida
based on data from T . N. GILL cruises.
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Vertical distribution of dissolved oxygen (rnl/1)
along a transect off Cape Lookout, North Carolina
(after Stefansson and Atkinson 1967).
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Vertical distribution of total phosphorus (µg-at/1)
along a transect off Cape Hatteras, North Carolina
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Figure 1 . 14.

Vertical distribution of total phosphorus ( µg-at/ 1)
along a transect off Cape Fear, North Carolina
based on data from the T. U. GILL cruises •
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Figure 1.16.

Vertical distribution of total phosphorus (µg-at/1)
along a transect off Cape Canaveral, Florida
based on data from the T. N. GILL cruises.
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Surface phosphate-ehosphorus distribution differed with
season during the T. N. GILL cruises.
During the winter, long
tongues of high concentration run southward from the major
estuaries, sometimes crossing the slope (Fig. 1.17). Concentrations within these tongues were greater than 1.0 µg..at/1 (maximum of 2.5_µg at/1 off Charleston Harbor, South Carolina). In
other areas the PO 4 -P concentration was <0.5 µg-at/1.
In general the concentration decreased from north to south and with
distance offshore.
During-all other seasons, PO4 -P concentrations were usually <0.5 µg.-at/1 although local tongues of water
with a high concentration developed during the summer off
Charleston Harbor, Turtle-St. Marys River, and just south of
Cape Canaveral.
In general, the surface phosphate concentration along the
selected transects was <0.5 µg-at/1 and increased monotonically
with depth starting at 100 m or more (Fig. 1.18, i.19, 1.20,
1.21). Deep slope concentrations were always greater than
1 µg-at/1 and often exceeded 2 µg-at/1. The tongues of high
PO 4 -P noted at the surface were shallow and underlaid by water
with the typical low surface PO4 -P concentration ( <0.5 µg at/1)
further accentuating that high surface concentrations were
associated with river runoff.
Stefansson and Atkins (1967) presented data on PO -P con4
centrations on a transect off Cape Lookout (Fig. 1.22). Their

observations are similar to those from the T. N. GILL cruises
over 10 years earlier.

Thomas (1966) measured dissolved inorganic phosphorus
levels off the mouth of the Altamaha River, Georgia. The nearshore concentration ranged up to 0.85 µg,..at/1 whereas offshore
values were <0.03 µg_at/1. A correlation between high phosphate levels and high river runoff was demonstrated.
Since the
river is nutrient poor, he postulated that high river flow
pushed phosphate-rich sound water into t~e ocean. The phosphate-poor water pushed into the estuary quickly becomes enriched with phosphate held in the sedimentsi a mechanism
demonstrated by Pomeroy et al. (1965). A similar correlation
was found off Sapelo Sound, with phosphate-poor water from land
drainage rather than a river pushing phosphate-rich estuarine
water ~-::.~ward
Nitrite-Ni t rate were n ot discriminated in the analyses of
the •r. N. GILL cruises ( a mr110 nia was not determined).
Only
nit.1.:at.s was measured during most R/V EASTWARD cruises, but when
NO 2 was measu..:ed, it was low or absent (arranonia was not determined). Surfac,~ waters t hroughout the region were <l µg ..at/ 1,
·u sually <O. 5 µg ..at/1 duri n g all seasons except for relatively
1 i:r,ited a r eas cent ered about major estuaries and rivers such as
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surface continental shelf waters off southeastern
United States based on data from the T. N. GILL
c ruises.
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Figure 1.18.

Vertical distribution of P0 4 -P (µg-at/1) along
a transect off Cape Hatteras, North Carolina
based on data from the T. N. GILL cruises.
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Figure 1.19.

Vertical distribution of PO~-P (µg-at/1) along
a transect off Cape Fear, North Carolina based
on data from the T. N. GILL cruises.
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Figure 1.20.

Vertical distribution of PO~-P (µg-at/1) along
a transect off Savannah, Georgia based on data
from the T. N. GILL cruises.
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Figure 1.21.

Vertical distribution of PO~-P (µg-at/1) along
a transect off Cape Canaveral, Florida based on
data from T. N. GILL cruises •
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Vertical distribution of PO~-P (~g-at/1) along
a transect off Cape Lookout, North Carolina
(after Stafansson and Atkinson 1967).
55

•

Pamlico Sound, Cape Fear River, Winyah Bay, Charleston Harbor,
Savannah River, and St. Johns River. These high surface concentrations were seasonal, and did not occur simultaneously near
all estuaries. The highest surface concentrations observed were
8 µg at/1 just off Cape Canaveral in the spring, and 6 µg--at/1
of the St. Marys River in the fall (Fig. 1.23).
In general, the vertical distribution increased monot0nically with depth (Fig. 1.24, 1.25, 1.26, 1.27). In the north,
concentrations of nitrite-nitrate (or nitrate alone) reached
20 µg--at/1 or above at depths below 300 m (deeper further offshore). To the south, the N0 2 -N03 concentration at this depth
was lower, and only about 5 µg-at/1 at Cape Canaveral. An exception to the monotonic decrease was observed during the T. N.
GILL summer cruise off Cape Hatteras where the N02-N03 concentration increased to almost 20 µg-at/1 at 500 to 800 meters,
and then dropped rapidly to only 1. 5 µg-at/1 at 900 m, _corresponding to the dissolved oxygen increase at these depths noted
earlier. The R/V EASTWARD data extended only to a depth of
500 m, in most cases, but a decline in nitrate from a maximum
of over 20 µg-at/1 was apparent in the deep samples (Fig. 1.28).
This anomaly seems to relate to the presence of North Atlantic
Deep Water. Vertical profiles through areas with a high surface N02-N03 concentration (>1 µg-at/1) reveal that these high
concentrations are restricted to a shallow layer (10 to 20 m)
underlaid by typical surface water with a concentration <0.5
µg-at/1.
Data regarding silicate are not available from the T. N.
GILL cruises, but data for a transect near Cape Lookout, North
Carolina, are available from the R/V EASTWARD cruises. Silicatesilica concentration at the surface is usually <l µg at/1,
tending to increase very slightly in an offshore direction.
Vertically, the concentration increases rapidly at depths
greater than 100 to 200 m. The concentration reaches 10
µg-at/1 at 200 to 300 m near the slope and somewhat deeper
further offshore (Fig. 1.29).
b.
Suspended Solids. Surface waters over the outer
shelf and slope have a concentration of suspended matter of
<0.125 mg/1 north of Cape Fear and 0.125 to 0.5 mg/1 south of
Cape Fear (Manheim et al. 1966). The inner shelf waters were
divisible into three areas. Some areas were unaffected by
river discharge (Onslow Bay with 0.29 to 1.0 mg/1 from 2 to 10
km offshore). Areas with drainage from major estuaries such as
Pamlico Sound had 2 to 5 mg/1 (30-50% organic). Finally, areas
adjacent to major rivers had higher concentrations of sediments
with the 1 mg/,1 contour 8 to 30 km offshore, the 0.25 mg/1
contour 30 to 70 km offshore. Ephemeral maxima may occur after
storms (for example a concentration of 7 mg/1 was observed off
Cape Canaveral following a hurricane). Manheim et aL (1970)
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Figure 1.24.

Vertical distribution of N02-N03(µg-at/l) along
a transect off Cape Hatteras, North Carolina
based on data from the T. N. GILL cruises.
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Figure 1.25.

Vertical distribution of N02-N03((µg-at/l) along
a transect off Cape Fear, North Carolina based
on data from the T . N. GILL cruises.

!S8

!59

60

61

62

•

,.o

0

100

---

10.0

]
J:
I-

w

'

300
<20

400

2

N02 • N0 3

- N03

SPRING

SUMMER

FALL

0

N0

N0 • N03
2

N0 - N03
2

WINT E R

\

\
500

soo---~,-....----~36

37

38

39

40

36

37

38

39 40

36

37

38

39 40

ST~TIOIQ NlMBER

Figure 1.26.

>1.0

>2.0

0

°'

-~

-

y

200

Cl.

\.

Vertical distribution of N0 2 -N0 3 (µg-at/1) along
a transect off Savannah, Georgia based on data
from the T. N. GILL cruises.

36

37

38

39

0

40

1.0

4.0
300

5. 0

.s
:z:

I-

Q.

w

400

0

°'f-'

500

·~
6 00

N02 - N03
WINTER

FALL

SUMMER

700

dOO ~-"T"'"""---,,----.-11

10

9

-,

8

II

10

9

8

II

10

9

8

STATION NUMBER

Figure 1.27.

Vertical distribution of N0 2 - N0 3 (µg- at/1) along
a transect off Cape Canaveral, Florida based on
data from the T. N. GILL cruises.
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found that the ·suspended matter of the shelf and slope consisted
of 60-90% combustible organic matter only a small part of which
consisted of recognizable organisms. They concluded that sediments are transported south along the coast from their sources
(estuaries, sounds, rivers).
c. Organic Pollutants
Oil ·Residues. Specific detailed data on the occurrence and
distribution of oil residues in seawater is scarce although many
reports mention the presence of ''tar lumps" in plankton nets and
other gear towed in coastal and open ocean waters (reviewed in
Butler et al. 1973). These authors cited limited data for the
southeastern United States (Table 1.20). The frequency and concentration were greater in offshore t h an coastal waters. The
area to the north (Cape Cod to Virginia) had much higher levels
of oil and plastics which probably relates to higher . rates of
oil transport. Blumer (1969 , 1971) estimated total annual influx
of oil into the world's oceans at 5 to 10 x 10 6 tons. Admittedly, this is a crude estimate. Influx is largely restricted to
shipping lanes, oil transfer sites, and waste outfalls, i.e. to
some degree localized.
Oil residues can be identified in organisms provided they
can be distinguished from naturally occurring hydrocarbons.
Youngblood et al. (1971) and Blumer et al. (1971) have reported
on natural hydrocarbons of benthic macroalgae and phytoplankton
species respectively, necessary baseline data to evaluate the
incidence of oil residues in these organisms.
Pesticides. The concentration of persistent organocHlorine
pesticides in water is reputedly low except in local areas adjacent to recent application. Data for offshore and coastal
waters of the southeastern United States are not available.
d. Heavy Metals. The only studies aimed at defining the
distribution of heavy metals within the offshore portion of
study area is that in progress at Skidaway Institute of Oceanography ,
University of Georgia. Severa l reports have already been
published from this research. Windom and Smith (1972a) and
Windom (1973a) described the distribution of Cd , Co , Ni , Zn ,
arid Hg in shelf and slope surface waters.
(Some data for Hg
are shown in Fig. 1.30) . No significant variations from nearshore to offshore waters were noted except for Zn (off Satilla ,
St. Marys, and Savannah Rivers) and Hg (especially off Savannah
River). A north - south variation is clearly discernible for
four of the metals (Table 1.21). The low southern levels were
comparable to levels reported for the Gulf Stream~
Windom et al. (1973) have also examined the concentration
of mercury in plankton collected from shelf waters off Broad
River to Brunswick , Georgia. The levels were generally l ow
64

Table 1.20.

Summary of MARMAP data regarding tar lumps and plastics in the waters
off the southeastern United States Coast (from Butler et al. 197 3).
Concentration
(mg/m2 )
Mean
Max

No. of
Stations

% with

Coastal
Offshore

61
32

39
78

0.02
0.23

Total

63

59

0.12

Table 1.21.

tar

Concentration
(mg/m2 )
Mean
Max

% with
plastics

0. 35

48

1. 4
1. 4

66
57

0 . 004
0.015

0.07
0 . 16

0 . 01

0 . 16

Concentration of heavy metals off the southeastern United States
coast (from Windom and Smith 1972a and Windom 1973a).

North

Concentration (µg/1)
South

Cadmium

0.11

( 39) *

0.06

(18)

Cobalt

0.17

( 20)

0.06

(10)

Nickel

1.0

(35)

0. 3

(1 7)

Zinc

7.4

(50)

2.2

(19)

Mercury

0. 17

(5)

0 . 02

(17) summer

( 9)

0.04

(2 3) winter

0.08
*Number of determinations.
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~0.4 mg/kg) except off the Savannah River and the Turtle River
(Brunswick, Georgia) (Fig. 1.31 and 1.32). Concentration in the
plankton decreased rapidly with distance from shore, although the
trend is not clearly shown off areas other than the two rivers
mentioned. Windom and Smith (1972b) described the distribution
of several heavy metals in oysters along the Georgia coast.
1.4.

Nutrient Regeneration

The seasonal distribution of dissolved nutrients does not
necessarily reflect the actual pool of available nutrients.
Nutrients are constantly being released at some rate from organic
bound pools. If the rate of uptake is equal to the release rate,
no change would then be observed in the dissolved pool over time;
nevertheless, high plankton productivity could occur. A more
complete understanding of nutrient availability necessitates
evaluation of the nutrients present in all environmental
ecological compartments and an evaluation of the flow from one
compartment to another. Nutrient budgets have not been described
in detail for the study area, but some information necessary to
such a development has been obtained.
Classically, the major mechanism for nutrient regeneration
(especially N and P which have received most study) has been
assumed to be bacterial activity during decomposition. Johannes
(1968) argued that bacteria do not release significant quantities
of these nutrients directly. He pointed out that nutrients are
released by bacteria in cultures only after death and autolysis.
Bacteria in nature are grazed by a variety of organisms and hence
rarely if ever undergo mass die-off and autolysis. There is
considerable evidence cited by Johannes to indicate that bacteria
in healthy growing condition assimilate dissolved nutrients from
the water when C:N and C:P ratios in the food substrate are high.
Further he cited evidence of ''luxury consumption" of these nutrients; i.e., storage of nutrients assimilated beyond immediate
metabolic needs. These phenomena further stress the small role
of bacteria in nutrient regeneration .
Johannes (1968) argued that excretion by various animals
is the major mechanism of nutrient regeneration. Pomeroy et al.
(1963), Harris (1959), and others have shown that net zooplankton
excrete an amount of nitrogen and phosphorus equal to their total
body content in 20 to 200 hr. Johannes (1965) has demonstrated
the role of marine protozoa in phosphorus regeneration with a
body equivalent excretion time of 1 hr. Much of this nutrient
excretion is in forms directly utilizable by plants (i.e.,
NH4 and PO4 ). A schematic representation of these concepts is
presented in Fig. 1.33.
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It should be kept in mind that in many habitats, especially
in coastal areas, the detritus food chain plays a more significant role than the herbivorous food chain in energy, and hence
nutrient flows (see Chapter 4).
One could obtain a clear picture of nutrient availability if one could assign concentration
values to the various compartments and rate values to the
several pathways.
No attempt is made to assign values here
because it would be misleading to attempt to develop such a
budget from data derived from various habitats and locations
and attempt to derive a balance.
1.5.

Gaps in Available Information.
a.

The distribution of oxygen in most estuaries is
poorly known. The effect of present and potential
sources of BOD cannot therefore be evaluated.

b.

Nutrient concentrations and flows are not available
for most estuaries in Subzone II and all estuaries
in Subzone III.

c.

Pollutant levels (all types) in all estuaries are
poorly known.

d.

The data available are not of uniform quality because of differences in analytical methods .
Some
of the available data were collected more than

five years ago and may not represent present con-

ditions with any accuracy. New industry has developed in some locations; major pollution abatement efforts have been made in other locations.
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CHAPTER 2
PHYTOPLANKTON COMMUNITY AND PRODUCTIVITY
by
Morris H. Roberts, Jr.

2.1.

Introduction

The region considered here is arbitrarily bounded on
the seaward side by the 200 meter depth contour which corresponds approximately with the eastern edge of the Gulf stream.
However, mention will be made to the phytoplankton seaward of
this contour for comparative purposes.
Along the shore line, there are distinct differences
in the coast1ine as one progresses southward from Cape Hatteras.
The coastline is characterized by a series of long, narrow
barrier islands with large sounds and estuaries behind them
along the northern coast of North Carolina. Southward i t grades
into a coastal section lacking barrier islands and with few
estuaries.
In South Carolina and Georgia, a broad area of
salt marshes and islands separates the mainland from the open
ocean. In Florida there is a gradual change to a mainland
beach system.
The phytoplankton is poorly known throughout much of
this region, both taxonomically, and with regard to productivity.
Studies have been concentrated in the northern section of the
North Carolina coast and the Sapelo Island region of the Georgia
coast.
The phytoplan kton in this area is characterized by a
great diversity of species; 671 species in 12 algae groups.
Marshall (1971) reported 79 species in a single shelf sample
(mainly diatoms). Major groups represented in the phytoplankton are diatoms, dinoflagellates, coccolithophores, bluegreen a l gae and vari ous mi crof l age lla t es.
Quantitative estimates of phytoplankton have been
made in relatively few studies.
In several recent studies ,
counts have been made with an inverted microscopQ on settled
fractions of samples preserved with Lugol's solution. Many
f laqe l l ates, destroyed by agents such .::.:, ~oi::;,1a.:.:1d:yde , are
preserved in recognizable condition by Lugol's solution .
Biomass estimates by chlorophyll measurements have been infrequent within the study area.
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There are few general taxonomic works treating the
phytoplankton of the entire region (see below), even modest
works comparable to the guides prepared for Narragansett Bay
(Wood and Lutes 1967) and Chesapeake Bay (Griffith 1961).
(These latter papers have some application to the study region
considered here.)
The pelagic and benthic diatoms in the Beaufort, North
Carolina area have been listed by Wolfe (1930), Manly (1953)
and Hustedt (1955). Wolfe's (1930) paper consists of a simple
list of species found and is therefore of little value.
Manly (1953) reported 542 diatom species ' in 90 genera, including
many benthic species. He included three new species in his
dissertation but never published names or descriptions.
Hustedt (1955) dealt primarily with benthic diatoms from two
samples although planktonic material was also examined. He
reported 369 species and 19 varieties including 89 new species
and 4 new varieties. In addition to these papers, investigators studying diatoms should consult the classic work of Cupp
(1943) which, despite the fact that it was prepared for the
west coast of North America, is of considerable value elsewhere •
Campbell (1973) recently examined the phytoflagellate
flora of Gales Creek, a small tributary of Bogue Sound
relatively uninfluenced by man. He reported 152 species in 49
genera and 9 classes. This work is especially valuable because
i t includes descriptive material with figures for all species.
He observed 32 new species and 4 new varieties. This work
probably includes all common phytoflagellates of the entire
study area although rare species may not be included. Other
guides which may be of use for dinoflagellates are those of
Martin (1929, New Jersey coast) and Hulbert (1957, Woods Hole
region). For other phytoflagellate species and non-flagellated
phytoplankton, foreign taxonomic guides and original literature
must be consulted.
It is not within the scope of this survey to consider
the merits of study techniques for enumeration of the plankton,
biomass estimation or productivity studies. Suffice it to say
that methodology has been variable, and that where this is
important to interpreting the data, reference will be made to
the methods used, especially for productivity studies.
2.2.

Coastal Plain (Sounds and Estuaries)

2.2.1. Subzone I
2.2.1.1. Pamlico Sound, Pamlico River, Neuse River

81

The area covered here is connected with Albemarle
Sound to the north, and with Core Sound to the south; hence
there would be some justification in discussing these other
areas here as well. However, since Core Sound is to some
degree distinct hydrographically from Pamlico Sound, it will
be considered separately.
Most published reports relating to this area concern
the Pamlico River, a meso- to oligohaline estuary. These
reports described parts of a comprehensive study regarding
the effects of phosphorus mining wastes on the system and the
potential danger of increased human population density in the
drainage basin.
The first report dealing with Pamlico River studies
(Hobbie 1970) was concerned primarily with the distribution
and levels of phosphorus in the River (discussed in
Chapter 1, Marine Chemistry).
In a general description of
conditions in the river, Hobbie pointed out that there is a
tremendous dinoflagellate bloom in the winter months (January
through March) of each year consisting predominantly of
Heterocapsa triquetra (formerly Peridinim triquetrum).
In a subsequent report, Hobbie (1971) described the
plankton composition and seasonal cycles. As noted previously,
a bloom of Heterocapsa triquetra dominated during the first
three months of the year. Three other dinoflagellates were
important in the bloom community, Prorocentrum minimum,
Katodinium rotundatum and GZenodinium aureZeum. As this bloom
declines, a small blue-green alga becomes dominant throughout
most of the river. In late April a diatom,Coscinodiscus, is
important at down river stations near Pamlico Sound proper.
From May to July, dinoflagellates again dominate the phytoplankton; CaZycomonas ovaZis, a dominant microflagellate, was
especially important during June and July. On a single sampling
date in June, Rhodomonas amphioxeia, a microflagellate, was
dominant. In August there was an upriver bloom of PoZykrikos
hartmani, a dinoflagellate.
Hobbie (1971) reported two biomass peaks during the
year, one from January to March, reaching 48.26 mg/1, and
a second smaller peak of 10 mg/1 in July. During the remainder
of the year, the biomass was less than 5 mg/1. The seasonal
cycle for cell number per liter was slightly difrerent, with
the peak· in April. This corresponds to the period when a small
blue-green alga dominated the phytoplankton, whe~eas the winter
biomass peak corresponded with the presence of the large
species , Heterocapsa triquetra.
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Hobbie (1971) pointed out that H. triquetra is a worldwide inhabitant of eutrophied marine areas, exhibiting broad
salinity and temperature tolerances. This species discolors the
water forming a "red tide", but does not produce a toxin; however
it may lead to fish kills through oxygen depletion. The bloom
period in the Pamlico River correlates well with the peak
seasonal concentration of nitrate.
Bellis (1971) examined Hobbie's data for the Pamlico
River by statistical methods to describe the community structure
in a quantitative manner. He hoped thereby to develop a baseline description of the community in a form which would permit
quantitative evaluation of changes in the community wrought by
man's activity in the drainage basin •
Interpretation of his analysis stressed the perennial
presence of about one-third of the total species observed during
the study, mainly coccoid blue-green algae. Superimposed on this
basic species group were the summer occurrence of various microflagellates, the spring occurrence of several dinoflagellates,
and the winter occurrence of diatoms. Subsequent studies of the
phytoplankton population can be statistically compared to this
baseline, and deleterious effects of man's activities will be
recognizable, hopefully before they become severe. Computer
programs developed in this study are deposited in the program
library of the East Carolina University Computer Center and are
available upon request •
To date there are no published reports on the primary
productivity of the Pamlico River-Pamlico Sound region.
An experimental study of the effect of the clear superna
tantdischarged from phosphorus mining waste settling ponds (SPW)
was conducted by Carpenter (1971). Six artificial estuaries were
constructed on South Creek and used during a summer study (August)
and eight plastic pools with water from South Creek were used
during a winter study (January).
In both experiments, enrichment with SPW did not cause an increase in total phytoplankton
biomass compared to unenriched controls. A limiting nutrient
bioassay test in August revealed that river water was nitrogen
deficient at least at that time. This agrees with the conclusion
of Hobbie et al. ( 1972) (see Chapter 1 , Marin e Chemistry) .
The species composition differed in the two experiments.
The dominant species are listed in Table 2.1.
In both experiments, a change in species composition occurred with blue-green
algae increasing in the SPW enriched treatment more than in
untreated controls, although not achieving dominance. Carpenter
theorized that this occurred because the blue-green algae
involved had the capability to fix nitrogen in this nitrogen83

Table 2 . 1 .

Dominant phytoplankton species during enrichment
studies in the Pamlico River estuary, North
Carolina (from - Carpenter 1971).

Summer experiment, artificial estuaries
Gymnodinium aurelum
Gymnodinium astuariale
Proroaentrum minimum
Katodinium rotundatum
Peridinium troahoideum
Pyramimonas sp .

(chlorophyte)

Cylindrotheaa alosterium (diatom)

Winter experiment, plastic pools

- -- - - - - -

Beteroaapsa triquetra
Peridiniopsis sp.
Katodinium rotundatum
Skeletonema aostatum
Cyaloteiia sp.
Cylindrotheaa alosterium
Anabaena torulosa
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limited system. He pointed out that if this occurred on a larger
scale in the system, this could lead to nitrogen enrichment and/
or deleterious changes in the plankton community •
In an attempt to assess the effect of enrichment with
sewage, Carpenter (1971) tried enriching some systems with an
artificial fish food which has approximately the same proportion
of phosporus and nitrogen as sewage. This treatment did not
affect the phytoplankton community. However chemical analysis
revealed that the nitrogen supply in the system was not significantly increased since most nitrogen in the fish food was
organically bound and unavailable to the phytoplankton. One
would expect that if available nitrogen concentrations had been
increased, the results would have been strikingly different •
2.2.1.2. Core Sound, Beaufort River, North River
This complex of water behind a series of barrier islands,
contiguous with Pamlico Sound to the north, and dominated by
oceanic water entering Beaufort and Barden Inlets to the south,
is a shallow turbid, relatively saline system (Williams 1966).
The phytoplankton of Core Sound is dominated by the
diatom Skeletonema aostatum (Williams and Murdoch 1966). Thayer
(1971) made a more extensive study of the area which showed that
diatoms dominate throughout the year except March and October,
representing 34 to 81% of the population. Several benthic
species were common in the plankton as well, presumably suspended
by tide and wind action in this shallow area (depth generally
1 to 2 mat low tide) as a result of which the water mass is
vertically well mixed. Thayer found that dinoflagellates contributed significantly to the phytoplankton community, representing
20% of the cell numbers (dominant species list in Table 2.2).
This system differs from the Pamlico River in that diatoms
dominate the phytoplankton, but the same dinoflagellate genera
are present in both areas, and even in Core Sound, they constitute a significant portion of the phytoplankton •
Williams and Murdoch (1966) and Thayer (1971) quantified
phytoplankton abundance in terms of cell numbers and chlorophyll
a concentration . The standing crop ranged from 0.13 to 0.54 x
To 6 cells/1 (seasonal average 0.2 x 10 6 cells/1) at Pivers
Island (Williams and Murdoch 1966) and 0.36
10 6 to 8.2. x 10 6
cells/1 throughout Core Sound (Thayer 1971). Thayer reported
that the maximum standing crop occurred in December, the minimum
in March and July. However the average for the cool months
(1.64 x 10 6 cells/1) was similar to that for the warm months
(1.70 x 10 6 cells/1) . Thus there was no distinctive winterspring bloom during these studies.
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Table 2.2 .

List of dominant species in Core SoundBogue Sound (from Thayer 1971).
% o f Population

Species
Diatoms

SkeZetonema costatum
Chaetoce!'os spp .

34-81%

Nitzschia spp.
Amphipho1'a
BidduZphia

"common"

Gy!'osigma
Licmopho!'a
Dinoflagellates

Gymnodinium
Katodinium

2 0%

Pe1'idinium
P1'01'0cent1'um
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Chlorophyll a measurements of standing crop reveal a
somewhat different situation. Williams and Murdoch (1966)
found chlorophyll a to have a seasonal cycle inversely
proportional to the cycle of gross productivity with higher
chlorophyll levels in the cool months (4.8 mg/m 3 ) than i n the
warm months (3.6 mg/m 3 ). They .observed a range of 2.0 to 9.3
mg/m 3 • Thayer (1971) reported weighted monthly average values
from 1.6 to 9.4 mg/m 3 .with individual measurements ranging from
0.1 to 19.5 mg/m 3 • On a seasonal basis, the average chlorophyll a concentration was 4.6 mg/m 3 for the warm months, 2.7
mg/m 3 ror the cool months which is exactly opposite to the
findings of Williams and Murdoch.
However, the differences are
small and all values are of the same order of magnitude.
Simultaneous with studies of community structure, these
investigators measured the primary productivity of the community,
(Williams 1966, Williams and Murdoch 1966, by the dark and light
bottle oxygen method and Thayer 1971, by the c 14 method). Their
data are summarized in the appendix to this chapter.
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Williams (1966) reported gross productivity ranging from
97-622 mg C/m 3 /day (at 50% surface illumination) with lowest
values from January to March, hrghest values in June, and a midsummer decline. Respiration ranged from 35 to 256 mg C/m 3 /day.
In a subsequent paper, Williams and Murdoch (1966) reported
values of 120 to 720- mg C/m 3 /day gross production and 10 to 290
mg C/m 3 /day respiration. Thayer (1971) reported c 14 estimates
of productivity ranging from 6 to 1725 mg C/m 3 /day with the same
seasonal trend in productivity.
Thayer ranked the areas he
studied in terms of productivity as follows: Newport River
>northeast Core Sound, > North River and fresh water portion
of Newport River> south west Core Sound> ocean. In no case was
a sharp spring pulse in productivity detected which agrees with
the absence of a spring bloom in standing crop •
Production integrated over depth showed much the same
seasonal cycle. Williams (1966) found that while surface
productivity on a volume basis. was higher in the shallow estuarine
head waters than the channels, the integrated productivity was
greater in the channels as a result of greater depth and increased
transparency of the water.
Respiration on the other hand was not
v ariable with depth and the integral respiration in the deeper
channels was therefore greater than in the shallow areas. The
average dai:Jyrates summed for one year yielded average annual
rates of 30 to 321 g C/m 2 for gross photosynthesis and 16 to
178 g C/m 2 for respiration. Thus on an annual basis, net
productivity was about one-half gross productivity.' Williams
calculated that if the estuaries were 4 m deep, net productivity
for the water column would be zero . Increased transparency would
also fail to increase productivity a great deal.
He concluded
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that nutrient concentrations (not measured) must be limiting.
Will·iams and Murdoch ( 1966) suggested that integral gross
production was inadequate to compensate respiration in the
channels, but that in shallow areas, net productivity was
positive. Thayer (1971) reported integral productivity
ranging from 81 mg C/m 2 /day (December) to 534 mg C/m 2 /day (July)
with an annual mean for the entire area of 66.6 g C/m2 • This
agrees with the results of Williams obtained several years
earlier by a different method.
Thayer (1971) also measured nutrient levels (phosphorus
and nitrogen) in the area (reviewed in Chapter 1, Marine
Chemistry). He found both major nutrients to be present in low
concentrations and concluded that nutrient concentration,
especially nitrogen, limited productivity.
2.2.1.3. Bogue Sound
Campbell (1973) has described the phytoplankton in Gales
Creek, a small tributary of Bogue Sound. He observed 185
species of diatoms and 148 species of phytoflagellates (see
Table 2.3 for number of species in each of eight classes). The
phytoflagellates, most too small and fragile to be captured in
net collections, dominated the phytoplankton standing crop
(as cells/1) during most of the year. The spring and fall blooms
were dominated by diatoms, but peak abundance of phytoflagellates
occurred at the same time. The yearly average standing crop was
5 x 10 5 cells/1, only one quarter that reported for Beaufort
Channel. Tables 2.4 and 2.5 list the dominant diatoms and phytoflagellates and season of dominance.
The relationship between d istribution and temperature,
salinity, dissolved oxyg en and light are d iscussed . The
species are classified with regard to temperature tolerance as
warm temperate, mod erate temperate, cold temperate, and eury thermal. The species are also classified accord i n g to salinity
tolerance according to the " Venice System". Most species were
eurythermal and euryhaline.
Ch l orophyll a meas urement s were made coincident wi t h mos t
These show t he aut umn phy t o s ampling t imaB (Fig7 2 . la ) .
p l ankt on peaks (samples duri ng the spring b l oom were l ost ). The
gros s phot osynt het ic ra t e (Fig. 2 - lb) was cal cul ~ t ed from t he
ch l orophyll a and temperat ure da t a accordi ng t o t he re l ationship
derived by W1l l i ams and Murdoch ( 1 966) . No d i rec t measurement s
of p r oductivi t y were made .
The degree t o whi ch t hese dat a app l y t o t he enti re Bogue
Sou nd i s q ue s tionable. The Sou nd its elf has gene ra ll y h i gher
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Table 2.3.

Higher taxa of phytoplankton found in Gales
Creek, Bogue Sound, North Carolina
(from Campbell 1973)

i

Taxon
Diatoms

of species
185

Microflagellates
Chlorophytes

25

Chaysophytes

18

Cryptophytes

14

Dinoflagellates

75

Euglenoids

9

Haptophytes

8

Xanthophytes

4

338

Total

89

. . . .. .

Table 2.4.

Dominant diatoms in Gales Creek by season
(from Campbell 1973).

Species

Spring

Season
Summer Autumn

Skeletonema costatum

X

Chaetoceros subsecundus

X

Chaetoceros Zorenzianus

X

X

Chaetoceros teres

X

X

Chaetoceros s p.

X

Chaetoceros curvisetus

Winter

X
X

Chaetoceros aff. costatus

X

Gyrosigma balticus

X

Nitzschia Zongissima

X

Nitzschia closterium

X

Melosira moniloformis

X

X

Eupodiscus radiatus

X

X

Coscinodiscus granii

X

X

Rhizosolenia calcar-avis

X

Rhizosolenia imbricata

X

Cerataulina bergoni

X

Rhabdonema adriaticum

X

StriateZZa unipunctatum

X

Licmophora hastata

X

Amphipleura rutvans

X

AsterioneZZa japonica

X

9

2

90
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Table 2.5 •

Dominant species of phytoflagellates in Gales
Creek by season (from Campbell 197 3) •

Species

SE_ring

Prorocentrum minimum

Autumn

Winter

X

Katodinium rotundatum

X

X

Pyramimonas sp.

X

X

Calycomonas ovalis

X

X

Heterocapsa triquetra

X

0 liscothodiscus carterae

X

X

X

X

X

Hemiselmis virescens

X

X

Chroomonas caroZiniana

X

X

X

X

X

X

var. olivaceus

Chroomonas minuta
var • apprenoidosa

Chlamydomonas vectersis

X

•

•

•

Season
Summer
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-----salinities and exhibits a greater effect from man's activities.
Considerable further study related to the entire sound is
desirable.
Dillon (1971) measured the productivity of the phytoplankton in Bogue Sound during his study of macrophyte (mainly
Zostera) ~roductivity. The annual daily productivity rate was
200 mgC/m /day. Two peaks in productivity were observed, one
in August (540 mgC/m 2 /day) and one in April (608 mgC/m 2 /day).
Production was minimal from November to February with values
near 40 mgC/m 2 /day. Annual production of phytoplankton for the
entire Sound was only one half to one third the production of
macrophytes (see Chapter 5, Coastal Vegetation).
2.2.1.4.

Cape Fear Estuary

In anticipation of further industrial development,
Carpenter (1971b) examined the phytoplankton community structure
at three stations in the Cape Fear River estuary. The upriver
station (23A) located near Snows Marsh had a highly variable
salinity averaging 11.1 °/oo during low tide and 14.7 O/oo during
high tide (lowest recording, 1.7 O/oo). The second station (OI),
located on the west side of the inlet, had an average salinity
of 18.7 °/oo during low tide and 29.1 °/oo during high tide.
The third station (OCEAN), located 2 miles west of the inlet
(600 m from shore), had an average salinity of 31.7 O/oo.
Carpenter observed a total of 203 species at all stations
over the year belonging to 10 algal groups (Table 2.6). The
plankton was dominated by diatoms (134 species) with dinoflagellates (15 species) and chlorophytes (25 species) well represented.
The total number of species was highest at station OI, decreasing
both upriver and seaward.
Diatom species number increased from
upriver to downriver, chlorophyte species number exhibited the
opposite trend.
While the plankton as a whole was dominated by diatom
species, only three of the six numerically dominant species
were diatoms. The dominant species were Sketetonema c ostatum,
Asterionetta japonica, Thatassiosira nana (?), Katodinium
rotundatum, Rhodomonas amphi~xeia (cryptomonad) and Catyptomonas
ovatis (loricate flagellate).
Seasonal variations in species composition were apparent.
Diatoms were most abundant from December to May with 39 species
per sample, declining to 32 species per sample from June to
November. Chlorophytes were most numerous from March to July
wi t h 6 species per mon th, declining to 2 species per month for
t h e rest of t h e year. Dinoflagellate species are equally abundant
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Table 2.6.

Higher taxa of phytoplankton found in Cape
Fear River, North Carolina (from Carpenter 1971b).

Taxon

# of species

Diatoms

134
25

Chlorophytes
Cyanophytes

9

Chrysophytes

3
15

Dinoflagellates
Haptophytes

2

Crytomonads

9

Xanthophytes

3

Euglenoids

1

Loricate flagellates

2
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year round. Cyanophytes are abundant from August to November
with 3 species per month.
Average cell numbers decreased from station OCEAN to
station 23A (Table 2.7). There was no marked seasonal variation in cell numbers.
Carpenter (1971b) noted that SkeZetonema costatum
comprized 28.7% of the cell numbers at all stations throughout the year.
It was slightly more abundant at Station
OCEAN (34.9%) than upriver at Station 23A (25.3%). Peak
abundance occurred in June {5.5 x 10 6 cells/1) at station
OCEAN representing 75% of the phytoplankton. AsterioneZZa
japonica was most abundant at station OI with a peak abundance
in January-February but abundant essentially year round.
ThaZassiosira nana (?) was abundant in the late winter and spring
at all stations but virtually absent in summer and autumn.
It
reached its peak abundance in June (0.37 x 10 6 cells/1).
Katodinium rotundatum was present at most stations throughout
the year with a peak in May-June (0.25 x 10 6 cells/1 at station
23A, 13% of population). Rhodomonas amphioxeia was ubiquitous
but most abundant at Station 23A during April to June, peaking
at 0.27 x 10 6 cells/1. CaZycomonas ovaZis, a loricate flagellate,
was present at all stations. At Station 23A it reached 0.27 x
10 6 cells/1 in May.
In April it represented 34% of the population.
Carpenter (l97lb) also measured the diversity of the flora
at each station (Tab le 2.8). Station OI had the greatest
diversity, perhaps due to the mixing of an oceanic and estuarine
flora.
Diversity was lowest at all stations in January and .
February.
No productivity studies have been published for this
estuary. Seasonal variation in productivity should be similar
to that in Core Sound with no marked spring pulse since there
is not marked change in community structure at this time.
Studies are needed to examine this question.
2.2.2. Subzone II
2.2.2.1. Port Royal Sound
Lear and Smith (1972) examined live phytoplankton samples
collected from ten stations during April/May, July and October
of 1970. Identification was to genus only; no attempt was made
to differentiate species(with a few exceptions). The counts
refer mainly to diatoms plus a few dinoflagellates, green algae
and blue-green algae ("Only relatively immobile forms were
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Table 2.7.

Station

Average annual total cell numbers per liter at
three stations in the Cape Fear River estuary
(from Carpenter 1971b).
High tide

Low tide
2.10 X 10 6

OCEAN

OI

1.99

X

10 6

1. 5

23A

1. 53

X

10 6

1. 34

Table 2.8.

Station

10 6

X
X

10 6

Annual phytoplankton diversity in Cape Fear
River estuary (from Carpenter 1971b).
High Tide

Low Tide
3.07

OCEAN

OI

3.30

3.42

23A

3.15

3.07
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identified"). Total counts ranged from 0.12 to 0.93 x 10 6 /1 in
the spring, from 0.025 to 1.28 x 10 6 /1 (usually <0.55 x 10 6 /1)
in the summer and from 0.17 to 1.13 x 10 6 ;1 in the fall.
Standing crop was also measured as chlorophyll a.
There was no direct relationship between cell counts and
chlorophyll~- The chlorophyll~ values were usually <6µg/l
in the spring and fall, and ranged from 3 to 13 µg/1 during the
summer. The high chlorophyll a values in the summer when cell
counts were generally low suggests that large numbers of dineflagellates and motile flagellates were present but not identified and counted.
During the same period, Thomas (1972) measured productivity
at the same stations. Productivity was low during the spring
and fall, high during the summer.
(Table 2.9 and Appendix).
2.2.2.2. Sapelo Sound-Dobey Sound
This region lies within the band of salt marshes separating the mainland and ocean along the Georgia coast, an
area averaging 5 to 7 miles wide. A number of studies have
been conducted in this area by the University of Georgia to
estimate the primary productivity of the entire salt marsh
system (production of the salt marsh grasses and total productivity of the system is discussed in the Chapter 5, Coastal
Vegetation).
The structure of the phytoplankton community is not
reported in the literature.
Pomeroy, Haskin and Ragotzie
(1956) and Ragotzie and Pomeroy (1957) described a recurrent
dinoflagellate bloom occurring every spring in the Duplin River,
a tidal creek with no freshwater input. This bloom is dominated
by Gymnodinium sp. Time of appearance may vary by several
months always beginning upriver and spreading downriver from this
center of abundance. Pomeroy, Haskin and Ragotzie (1955)
reported a maximum density on 5 March 1955 of 19.1 + 5.1 x 10 6
cells/1 at the center of the bloom, 2.7 + 1.0 x 10 6 -cells/l
2 km downstream.
By 10 March 1955, the concentration had
decreased to 3.3 + 0.6 x 10 6 cells/1 concentrated on the windward shore.
Gymnodinium sp. represented 99.9% of the community
with Pel'idinium present in significant numbers at the downstream
stations. A second bloom in April occurred at the south end
of Sapelo Island, again consisting of Gymnodinium sp. and
lasting 4 days. They suggested that the blooms were caused by
rapid warming of the water and unusually high water transparency
ra~her than nutrient concentrations which were "normal."
Ragotzie and Pomeroy (1957) described the "life history"
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Table 2.9.

Productivity in Port Royal Sound,
South Carolina (Thomas 1972).

Month

Mean Productivity

Range

April/May

266 mg C/m2 /day

204-377

July

1225

702-1429

October

578

278-1038
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of the March 1955 bloom in more detail. They estimated a
generation time of 11.8 hr. for a bottled population and
7.1 hr. for the bloom itself based on actual counts. They
also measured the primary production of the 1955 bloom and a
May, 1966 bloom (Table 2.10). Productivity was greatest in
the top 10 cm, which corresponds with the depth of maximum
density.
In the 1956 bloom, productivity on an area basis was
0.287 mg C/m 2/day at Station 1, 0.130 mg C/m 2 /day at _Station 2.
This compares to net productivity of -0.011 to +0.059 mg C/m 2 /day
when no bloom is present (Ragotzie 1959).
They concluded that the bloom develops as a result of
explosive growth. The only concentration mechanism at work is
vertical migration in response to light. The bloom lasts as
long as the growth rate exceeds diffusion.
No other published accounts of community structure are
known. Additional data on productivity are available. Odum
and Hoskin (1958) reported a single series of measurements on
1 August 1955 in Prythreche's Lagoon. By the dark-light bottle
method, they obtained 6.25 g 0 2 /m 2/day photosynthesis, 2.76 g
02/m 2/day respiration. These values compare to 4.50 and 5.80
respectively by the diurnal curve method. They concluded that
the disparity in respiration estimates related to exclusion of
the bottom community respiration in the bottle method.
A more extensive study was made by Ragotzie (1959) using

the dark and light bottle method at two stations in the Duplin

River plus several stations in Dobey and Sapelo Sounds (data in
Appendix I). At both river stations, integrated net productivity was low or negative during the summer months. During
the winter months, net productivity was positive, with the
highest production during the 1955 dinoflagellate bloom. On an
annual basis, however, net productivity was relatively uniform
throughout the year except during the 1955 dinoflagellate bloom.
The explanation of the seasonal variation in net productivity lies in part in the seasonal cycle of respiration which
was positively correlated with the temperature cycle whereas
gross photosynthesis had no correlation with temperature. No
spring pulse was observed except during the dinoflagellate bloom.
Further, high turbidity limited photosynthesis to the surface
or very shallow depths resulting in a compensation depth which
never exceeded 2.2 m during the summer month~ and was frequently
at the surface.
Measurements of productivity in the Sounds were infrequent.
No annual production estimates can be made. Sapelo Sound exhibited a daily gross production rate comparable to that found in the
Duplin River and low daily net productivity (negative at a land99

Table 2.10.

Primary productivity in two dinoflagellate blooms in the Duplin River,
Sapelo Island, Georgia (from Ragotzie and Pomeroy 1957).
Cells71

oe12th

I-'
0
0

10 6

Net Productivit:-L

Gross Productivit~

13.7 mg C/1/day
11. 7
3.5
0.61
-2.03

16.5 mg C/1/day
14.a
6.27
2.19
0.76

1955 bloom

0.35 m
0.85
1.85
2.85
3.85

26

1966 bloom
Station 1

0.05 m
0.5
1.0

2.35

X

10 6

4.71
2.74
1.24

5.84
3.70
1.77

0.05
0.05
0.5
1.0

3.45

X

10 6

2.18
2.25
1.16
0.52

3.51
3.54
3.22
1.64

Station 2

t.

X

ward atation in February).
Doboy Sound exhibited much higher
groaa production in the two samples taken, exceeding the rates

measured in the lower end of Duplin River near where it enters
the Sound. In one case, net productivity was 2.3 times higher
in the Sound, but a week later the two areas had similar net
production. This resulted from increased gross production at the
river station.
Georgia estuaries as a system are considered to be very
productive. Therefore, it is surprising, perhaps, to find the
phytoplankton compartment of the system to have a negative
annual net production. The limited depth suitable for gross
production in these highly turbid waters precludes poaitive net
production in these water columns. Ragotzie (1959) hypothesized
that the deficit is compensated by other primary production
components of the system (marsh grasses and benthic algae).
Schelske and Odum (1961) supported this hypothesis. This will
be discussed further in Chapter 5, Coastal Vegetation.
More recently, Thomas (1971) reported some values obtained
in August in four sounds along the Georgia coast, St. Catherines
Sound (north of Sapelo Sound), Sapelo Sound, Doboy Sound, and
St. Simons Sound (south of Doboy Sound). These were obtained as
part of a larger study in the nearshore area (discussed below).
Thomas used a c 14 technique which he developed to determine both
particulate organic matter production (POM) and dissolved organic
matter production. (DOM). Production in all four sounds was similar,
ranging from 27 to 38 mg C/m~/hr (POM).
Incubation time was
short (2 hr). Total production in the estuaries was estimated
at 0.3 to 0.4 g C/m 2 /day, lower than the values obtained by
Ragotzie (1959) in the winter and spring months. DOM production
was less than 7% of the total production (POM + DOM).
2.2.3. Subzone III
No data were located for this area.
2.3.

Continental Shelf

The phytoplankton community has been described in a
series of papers by Hulbert (1967a, Hulbert and MacKenzie
1971) and Marshall (1969a, 1969b, and 1971). Several additional
papers relating to the adjacent Sargasso Sea _have been published
but will not be considered' in detail (Hulbert 1962, 1964, 1966,
1967b; Marshall 1968). These authors have reported 149 species
in 6 classes as occurring .in the shelf
...... waters.
Hulbert (1967) reported on the phytoplankton collected
in April, 1965, at a series of stations (four on the shelf, four
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in the Gulf Stream and five in the Sargasso Sea) on a transect
running nearly due east from Jacksonville, Florida. The shelf
waters had temperatures ranging from 15 to 22C, the Gulf Stream,
25.5 to 26.0C and the Sargasso Sea, 23C. The dominant phytoplankters in shelf waters were diatoms, shifting to coccoliths
in the Gulf Stream and Sargasso Sea. The dominant species
(diatoms) •in shelf waters were Skeletonema aostatum, Leptoa y lindrus daniaus , and Nit.zsahia s eriata.
The dominant
species (coccoliths) in the Gulf Stream and Sargasso Sea were
Coaaoli thu s hux ley i a nd Umbiliaosp haera t enuis .
At this time
he found diatoms and coccoliths to be virtually mutually
exclusive.
Total cell numbers declined in a seaward direction. The
abundance in shelf waters was extremely variable ranging from
18,390 to 305,100 cells/1. In the Gulf Stream and Sargasso
Sea, abundance was more uniform, ranging from 4,530 to 8,040
cells/1 and 5,520 to 10,290 cells/1 respectively.
Hulbert and MacKenzie (1971) subsequently occupied a
series of stations on the continental shelf from Virginia
to the Bahama Islands during January, 1968. The single most
frequently encountered species was Co aao lithus huxl eyi , but
this species was absent or nearly so in the nearshore waters
from Virginia to Georgia (no clear distinction. was made between
Gulf Stream and shelf water stations). The inshore abundant
species were diatoms (Table 2.11) which exhibited a very high
diversity.
Total cell n umbers declined i n a seaward direction at
all l ocations along t he coa s t . In are as wher e the s helf is
wi d e, c e ll c oun t s range d f r om 7 5, 000 to 750 , 000/1 i n shallow
c o astal stations but were only 8 , 000 to 43, 000/1 a t d e eper
stations .
Hulbert a nd MacKenzi e (19 71 ) i ndi c a ted t he i mportance
o f n utr i ents i n c o n tro lling p o p ulation density . Based o n
limited data, t hey c oncluded t h at N0 3 is probabl y the l imi t i ng
n utrien t since it is v irtuall y absent e xcept near t he mouths o f
s ome es tuari e s. Cell numbe r s also.decr eas ed i n a southwar d
d irec tion from Virg i n ia to Florid a.
Marshall (1969a, 1969b and 1971) reported on samples
collected in shelf waters, Gulf Stream, and adjacent Sargasso
Sea. Sampling was not performed according to a defined
sampling program, but were collected at times covering all
seasons of the year during a four year period. Marshall (1971)
reported 100 diatom species throughout the study ftrea with
86 species on the shelf where diatoms dominated the flora during
fall, winter, and spring. Diatom cell numbers reached a maximum
of 67,920/1 over the shelf declining to Oto 10 cells/1 (36
species) in the Sargasso Sea. Skeltonema dominated in shelf and
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Table 2.11.

Abundant species of the southeast United States
shelf waters in January, 1968 (from Hulbert and
MacKenzie 1971).

s12,eci es

Density

Area

Nitzschia seriata

>30 cells/cm 3

inshore

Bacteriastrum comosum

>30 cells/cm3

inshore

AsterioneZZa japonica

>30 cells/cm 3

inshore

Chaetoceros affinis

>30 cells/cm 3

inshore

SkeZetonema costatum

>30 cells/cm 3

inshore

Chaetoceros decipiens

3-30 cells/cm 3

inshore

LeptocyZindrus danicus

3-30 cells/cm3

inshore

RhizosoZenia stoZerfothii

3-30 cells/cm 3

inshore

Nitzschia cZosterium

3-30 cells/cm 3

inshore

Nitzschia deZicatissima

3-30 cells/cm3

inshore

ThaZassionema nitzschioides

3-30 cells/cm 3

inshore

CoccoZithus huxZeyi

<l. l cells/cm 3

widely dist.

UmbiZicosphaera mirabiZis

<l. l cells/cm3

widely dist.

CaZyptrosphaera obZonga

<1.1 cells/cm3

widely dist.

Diatoms

Coccolithophores

Chryptophyte
<30 cel ls/cm 3

Rhodomonas amphioxeia
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inshore

Gulf Stream waters.

Other important d iatom species were

Chaetoceros decipiens, Navicuia sp., Rhizosoienia aiata,
Thaiassionema nitzschioides, and Rhizosoienia stoiterfothii.
Dominant species in the three water masses are listed in
Table 2.12.
.

Coccolithophores were a conspicuous portion of the
phytoplankton with 43 species. Though present in all three
zones, they increased in importance in a seaward direction.
Coccoiithus huxieyi dominated the collolith flora. Syracosphaera mediterranea and S. putchra were very abundant as
well.
Dinoflagellates were also present at all seasons. A
total of 42 species was observed. This group dominated the
shelf flora during the summer. The dominant species were
Amphidinium sp., Ceratium furca, C. fusus, and C. tripos.
Gymnodinium sp. was present year round but was not dominant.
Marshall (1969) also found an unidentified dinoflagellate at
nearly all depths to 300 min the summer months.
It reached a
density of 3680/1 and was a part of the dominant flora in
shelf and Gulf Stream waters.
Other phytoplankters observed include four species of
silicoflagellates, fungal filaments (nearshore waters) and a
single cyanophyte (occasional in shelf waters and Gulf Stream).
The most common silicoflagellate was Dictyota fibuia . The
cyanophyte was TPichodesmium sp. which reached a maximum
density of 128 trichomes/1 off the South Carolina coast in
November of 1967.
In summary, both workers have found the shelf waters
dominanted by diatoms, with Sketetonema costatum dominant
except during the summer. In the adjacent Gulf Stream and
Sargasso Sea, coccoliths are dominant and diatoms are only
a minor portion of the plankton. Total cell numbers decline in
a seaward direction. More systematic studies are required to
define the population structure in .greater detail, especially
in areas adjacent to estuaries where nutrient enrichment may
occur.
Productivity studies in coastal waters are limited.
Thomas (1966) measured productivity in the shelf waters up to
25 km offshore from the Altamaha River and Sapelo Sound in
Georgia using the c 14 method. He observed extremely high
production, 547 g C/m 2 /year (compare to data for Georgia sounds
in Appendix I). Production was highest in August, and lowest
during the cooler months. Despite differences in run-off
from the two estuaries, offshore productivity was equal for the
two areas on an annual basis, but differed significantly during
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Table 2.12.

Dominant species in waters off the Southeastern United States c oast (from Marshall
19 71).

Shelf

Gulf Stream

Sargasso Sea

Skeletonema aostatum

Rhizosolenia alata

Rhizosolenia alata

Naviaula s p.

R. aalaar - avis

R. aalaar - avis

Rhizosolenia alata

Chaetoaeros deaipiens

Naviaula sp .

Cosainodisaus lineatus
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some months. In nearshore waters (less than 17 km offshore),
productivity on a volume basis was maximal. However, on an
areal basis, production was lower than further offshore. This
results from the higher turbidity and shallower compensation
depth of the nearshore waters. Net productivity was positive
at all stations since the critical depth exceeded the depth
of the water column. Thus a trend toward increasing net
production on an areal basis can be observed from the estuaries
in the area (Ragotzie 1959) to offshore waters (Thomas 1966).
Thomas (1966) suggested that the seasonal differences in
offshore productivity can be explained by the phosphatepoor river water pushing phosphate-rich estuarine water to an
offshore location where increased transparency leads to high
production even though the phytoplankton standing crop
(measured as chlorophyll a) is low. Maximum productivity is
limited to the summer months when river discharge is not so
great as to dilute the estuarine phosphate levels below
stimulatory levels. High spring run-off dilutes the estuarine
phosphate concentration, preventing a spring bloom from occurring.
A second study of productivity was reported for shelf
waters (Thomas 1971). Thomas occupied a series of '21 stations
during September ranging from Cape Fear to Cape Canaveral. POM
and DOM ranged from 0.4 to 18.5 mg C/m 3 /hr and 0.00 to 0.57 mg
C/m 3 /hr respectively
(See Appendix). Percent release of DOM
was highly variable, ranging from Oto 27%, but was usually less
than 12 .5%. An additional series of stations was occupied in
November in the Gulf Stream and Sargasso Sea of North Carolina.
Release rates for DOM were generally higher in this region,
reaching nearly 44%. Thus the release rate of DOM increases
markedly in a seaward direction but is extremely variable in all
zones. Thomas (1971) points out that failure to measure DOM is
of little significance in coastal waters where the release rate
is low, but can lead to productivity estimates perhaps 50% too
low in oligotrophic waters. The high variability of release
rate precludes making a simple mathematical correction of POM
data.
Thomas (1971) also demonstrated that DOM release rates
increase with depth. This must be considered in calculating
integrated productivity rates even in coastal waters. The
data of Thomas (1971) cannot be converted to an annual basis
from the information given, and hence cannot be djrectly compared to that of Thomas (1966). Coastal productivity throughout
the region is thus poorly known and seriously in need of further
study.
The role of nutrients in regulating community structure,
productivity, seasonal cycles, etc. has not been explored
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even for the major nutrients, phosphate and nitrate. Of interest
is a recent paper by Carpenter, Remsen and Schroeder (1972)
describing experiments on the decomposition (utilization?) of
urea, a potential nitrogen source. They measured urea decompositicn by filtered and unfiltered samples of phytoplankton at a
total of 62 stations, but report on only two stations off the
Savannah River, Georgia. At these two stations, the phytoplankton
removed by filtering (·20 µ) consisted of two species, dominated
overwhelmingly by Sketetonema costatwn (94%; remainder was
Thatassiosira decipiens). They found that the filterable fraction
decomposed 7.76 and 4.40 nmoles urea/1/hr at these two stations
(bacterial decomposition not included). Based on laboratory
study of urea decomposition in a culture of Sketetonema costatum
isolated from Martha's Vineyard, Massachusetts, they calculated
theoretical decomposition rates of 0.27 and 0.13 nmoles urea/1/hr
at the two stations. Thus the in situ measured rates were over
10 times the theoretical. Two possible explanations are offered.
First, there may be a genetic difference between the Georgia
and Massachusetts populations. Second, the laboratory experiments were conducted at 20C, the in situ measurements at 13.6C.
Since metabolic rates are generally a function of temperature,
the effect of this difference cannot be ruled out from consideration.
One can surmise that the general principles regarding
the effects of nutrients on phytoplankton populations as developed from studies elsewhere are applicable in this area;
however, detailed studies are necessary to verify this assumption on the local level. Unlike better studied areas, both
estuarine and coastal waters do not seem to have a spring diatom
bloom although short duration dinoflagellate blooms are known
to occur in some estuaries. What nutrient limits production is
not truly known although nitrogen is most likely.
2.4.

Gaps in Available Information

a.

Descriptions of community structure for many estuaries
in Subzones II and III are totally lacking.

b.

Measures of primary production in most estuaries of
Subzones I, II and III are totally lacking.

c.

Nutrient-limitation

d.

Synoptic information on shelf phytoplankton
populations is not available.

e.

Rates of energy flow to higher trophic levels
(especially in comparison to detritus food chains)

has not been evalµated.
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are not available.
f.

The specific effects of various pollutants, especially
oil, on phytoplankton both with regard to community
structure and productivity are inadequately known to
predict long-term effects of exposure.

g.

Many available data-are 10 years old and may or may
not represent present conditions.

'
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Appendix I.

Date

1 April
1970

Gross and net productivity estimates at various locations between Cape
Hatteras and Cape Canaveral.

Location

Gross
Productivity+

Net
Productivity+

Source

Core Sound

99.6 gC/m 2 /yr

52.5 gC/m.2 /yr

Williams (1966)

Core Sound

------------

66.6 gC/m 2 /yr

Thayer (1971)

Beaufort Channel

113 gC/m 2 /yr*

74 gC/m 2 /yr*

Bogue Sound

------------

73 gC/m 2 /yr*

Williams & Murdoch
(1966)
Dillon (1971)

Port Royal Sound
Station

1
2
3

t-'
t-'

w

4

5
6

7

8
9

10
July

1
2

3

4

5

6

7

8
9

10
11

302 mg C/m 2/day Thomas 1972
291
377
242
225
224
204
239
260
297

1429
1085
1334
915
1342
1073
702
1385
2051
933

Appendix I .
Date
October

....._.

(continued)

Location
1
2
3
4
5
6
7
8
9
10
11

Gr o ss
Productivi ty+

-----------

Net
Produ ctivity+
853
524
854
465
350
471
473
1 0 38
469
278

0.63 gC/m 2 /d

+ 0 . 43 gC/m 2 /d

5 April

0.95 gC/rn 2 /d

+ 0 . 22 gC/m 2 /d

12 April

0 . 77 gC/rn 2 /d

+0 .4 6 gC/m 2 /d

18 April

1.13 gC/rn 2 /d

+ 0. 46 gC/m 2 /d

3 May

0 . 85 gC/rn 2 /d

- 0 .42 gC/m 2 /d

4 May

1. 73 gC/rn 2 /d

+1.1 7 gC/m 2 /d

18 May

a.so gC/rn 2 /d

- 0.69 gC/m 2 /d

0 . 3 4 gC/rn 2 /d

- 0 .4 6 gC/m 2 /d

14 J u ne

0.44 gC/rn 2 /d

- 0. 11 gC/m 2 /d

1 5 June

0.43 gC/rn 2 /d

- 0 . 2 8 gC/m 2 /d

20 Jan.
1955

13 June
1 955

Marsh Landing,
Duplin River, Ga .

Marsh Landing ,
Duplin River , Ga.

Source

Ragot z i e (1 959)

Ra go t z i e

(1959 )
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(Continued)
Ne t
Producti v ity +

30 J une

0 . 82 gC/m2 /d

- 0 . 43 gC/m 2 /d

12 July

0.70 gC/m 2 /d

-0 . 70 gC/m 2 /d

0.33 gC/m 2 /d

- 0 . 65 gC/m 2 /d

27 July

0 . 70 gC/m 2 /d

-0 . 30 gC/m 2 /d

31 Aug.

0.97 gC/m 2 /d

+ 0 . 21 gC/m 2 /d

13 Oct.

0 . 54 gC/m 2 /d

- 0 . 13 gC/m 2 /d

27 Oct.

0 . 59 gC/m 2 /d

+ 0.18 gC/m 2 /d

27 Oct.

0. 54 gC/m 2 /d

+ 0.24 gC/m 2 /d

9 Dec. 1955

0. 3 4 gC/m 2 /d

+ 0 . 09 gC/m 2 /d

30 Jan. 1956

0.47 gC/m 2 /d

+ 0 . 47 gC/m 2 /d

13 Feb.

0 .4 2 gC/m 2 /d

+ 0.19 gC/m 2 /d

17 Feb.

0 . 10 gC/m 2 /d

--------------

18 Apr.

0.55 gC/m 2 /d

+ 0 . 18 gC/m 2 /d

14 May

0 . 52 gC/m 2 /d

- 0 . 03 gC/m2 /d

4 July

0 . 86 gC/m 2 /d

- 0 . 29 gC/m 2 /d

23 July

0.88 gC/m 2 /d

+ 0.16 gC/m 2 /d

4 Oct.

1.26 gC/m 2 /d

-0.96 gC/m 2 /d

12 July

U1

•

Gross
Productivity +

Date

t-'
t-'

•

Location

Marsh Landing,
Duplin River, Ga.

Sou rce

Ragot zie

(1959)

•
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Gross
Productivity+

Net
Productivity+

Date

Location

17 Feb
1955

Forks, Duplin River,
Ga .
0.34 gC/m 2 /d

+0.14 gC/m 2 /d

1 March
1955**

Forks, Duplin River,
Ga.
22.6 gC/m 2 /d

+16.40 gC/m 2 /d

2 March**

0.90 gC/m2 /d

+0.25 gC/m 2 /d

3 March**

1.90 gC/m 2 /d

+0.59 gC/m 2 /d

30 March

.....

(Continued)

----------

+0.40 gC/m 2 /d

5 April

0.37 gC/m 2 /d

-0.05 gC/m 2 /d

4 May

0.90 gC/m 2 /d

+0.50 gC/m 2 /d

18 May

0.74 gC/m 2 /d

+0.05 gC/m 2 /d

13 June

0 . 69 gC/m 2 /d

-0.01 gC/m 2 /d

12 July

0.06 gC/m 2 /d

-2.28 gC/m 2 /d

12 July

0.02 gC/m 2 /d

-0.90 gC/m 2 /d

9 Dec.

0.22 gC/m2 /d

+0.00 gC/m 2 /d

31 Jan

0.24 gC/m 2 /d

+0.04 gC/m2 /d

17 March

0.27 gC/m 2 /d

-0.35 gC/m 2 /d

18 April

0.62 gC/m 2 /d

+0.29 gC/m 2 /d

4 July

0.78 gC/m 2 /d

-0.61 gC/m 2 /d

Source

Ragotzie (1959)

Appendix I•

(Continued)
Net
Productivity+

Source

Forks, Dublin River,
Ga.
2.17 gC/m 2 /d

-0.23 gC/m 2 /d

Ragotzie (1959)

1.20 gC/m 2 /d

+0.54 gC/m 2 /d

1.58 gC/m 2 /d

+l. 07 gC/m 2 /d

1.28 gC/m 2 /d

+0.37 gC/m 2 /d

Date

Location

23 July
1955

Gross
Productivity+

4 Oct.

12 April Doboy
1955

s.

18 April

.....
.....
-.J

13 Feb.
1956

Sapelo

s.

mouth

0.46 gC/m 2 /d

+0.22 gC/m 2 /d

13 Feb •

Sapelo

s.

landward 0.33 gC/m 2 /d

-0.14 gC/m 2 /d

14 May

Sapelo

s.

landward 0.54 gC/m 2 /d

+0.20 gC/m 2 /d

St. Catherines Sound
Sapelo Sound
-----------Doboy Sound
St. Simons Sound
Coastal waters off
Altamaha River and
Sapelo Sound

Latitude
33° 19'N
33o 9'N
32° 57' N

Thomas ( 1971)

547 gC/m 2 / yr.

Thomas (1966)

avg. 1.5 gC/m 2 /day

Coastal waters
September

0.3-0.4 gC/m 3 /d

-

Longitude
11°49'W
78° 7 'W
78° 25'W

POM
(hourly
1.0
0.7
0.6

DOM

rates)
0.12
0.28
0.05

Thomas (1971)

Appendix I.
Date

(Continued)
Gross
Productivity+

Location

Net
Productivity+

Source

September (Continued)
Latitude

.....
.....
a:)

32°
32°
32°
32°
31°
31°
31°
31°
30°
30°
30°
30°
30°
30°
30°
30°
28°
0
28

45' N
3l'N
22'N
14'N
58'N
25'N
ll'N
5'N
49'N
42'N
34'N
29'N
24 'N
19'N
15'N
ll'N
56 'N
52'N

Longitude
78°
80°
80°
79°
79°
80°
81°
81°
80°
80°
81°
81°
81°
81°
81°
80°
80°
80°

41 'W
8 'W
3 'W
58'W
47'W
42'W
8 'W
15 'W
31 'W
42'W
2 'W
14 'W
21 'W
ll'W
2 'W
51 'W
28'W
19'W

POM

(hourly
0.4
2.3
1.7
1.3
0.9
3.8
2.1
4.0
1.1
1.6
2.2
3.7
18.5
3.2
2.5
2.7
3.3
1.1

DOM
rates)
0.00
0.08
0.00
0.03
0.05
0.22
0.10
0.57
0.00
0.06
0.10
0.26
0.45
0.11
0.03
0.00
0.13
0.00

+ data not in uniform units because in several cases necessary information was not
available to make valid conversions.

* based on 1 meter deep water column.
** dinoflagellate bloom.
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CHAPTER 3
ZOOPLANKTON COMMUNITIES

by
Morris H. Roberts, Jr.

3.1 .

Introduction

The zooplankton "community" is a complex assemblage of
organisms including both herbivores and carnivores. Classically,
zooplankton distribution was thought to be completely at the
mercy of water movement.
Increased knowledge of the group has
led to recognition of behavioral mechanisms which permit vertical
migration in the water column, often of a diurnal periodicity
and which result in the animals gaining some control of their
horizontal distribution.
To facilitate study of zooplankton, the organisms are
sometimes classified into three basic groups based on the amount
of the life cycle spent in the plankton community. The
hoZopZankton includes animals spending their entire life cycle
in the plankton (e.g., copepods, chaetognaths, pteropods). The
meropZankton includes those animals which spend some significant
portion of their life cycle in the plankton, usually during
larval and early postlarval stages (e.g., decapod crustacean
larvae, molluscan larvae, polychaete larvae, the medusoid stage
of coelenterates, and fish larvae). The tychopZankton or
"accidental" plankton includes benthic animals swept into the
plankton by tidal and wind currents or entering the water column
by migratory behavioral patterns (e.g., amphipods, some shrimps,
juvenile molluscs, certain polychaetes). These terms are also
applied to phytoplankton.
The zooplankton may also be categorized on the basis of size
into macroplankton (>1 mm), and microplankton (<l mm). Additional
classificatory terms based on size are discussed by Sverdrup
et al. (1942). While sometimes convenient in expressing the size
fraction of zooplankton collected by the sampling gear used, such
terms have no great significance in understanding the zooplankton
community.
T~er~ are no taxonomic guides to planktonic animals specifically for the Cape Hatteras to Cape Canaveral segment of the
coast. The overall dominant zooplankton group on a world-wide
basis is the calanoid copepods.· Taxonomic monographs by Rose
(1933) and Owre and Foyo (1967), while prepared for other
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geographical areas, are appropriate to the area considered here.
Monographs by Wilson {1932a, 1932b) are also usefu l though some
names of genera and species have been changed. Other holoplanktonic groups also have wide distributions, but one must rely on
original papers for identifications. An exception to this is the
chaetognaths. Grant {1963) published a key to the chaetognaths
of the co~stal waters of Virginia, later modified for inclus ion
in Gpsner {1971), which includes most species found along the
southeastern United States· coast.
Major meroplanktonic groups are not as well known in specific
terms because of the necessity to identify the adult to which the
larvae belong. This can only be done by hatching eggs in the
laboratory and rearing the larvae, or by maintaining larvae
collected in the plankton until they reach a recognizable stage.
Difficulties are compounded by the extreme morphological
similarity between many congeneric species. Table 3.1 lists
some papers of value in identifying larval forms in some groups.
This list is not exhaustive, but does provide an entry into the
literature. A great deal of additional work is required in this
area to fully identify meroplanktonic forms.
Taxonomic citations relative to the tychoplankton can be
found in the subsequent chapter dealing with the benthos, the
typical habitat for these forms.
Zooplankton has not received much attention in the area
covered by this inventory. The best overall collections in the
area were performed by the Bureau of Commercial Fisheries vessel
R/V T. N. GILL in a series of nine cruises over the two-year
period 1953-1954. Sixteen transects were studied between
Cape Hatteras, North Carolina and Vero Beach, Florida {14
transects north of Cape Canaveral) and crossing the continental
shelf and Gulf Stream {Florida current) to the eastern margin
of the Sargasso Sea. A series of cruise reports was published
{Anderson et al. 1956a, 1956b, 1957; Anderson and Gehringer 1957,
1958a, 1958b, 1959a, 1959b) giving basic data. In addition,
several papers have appeared describing specific zooplankton
groups from these extensive collections {discussed below), but
many groups have yet to be studied in detail.
Studies in
estuaries are largely restricted to the sounds and estuaries of
Beaufort with some limited studies further south along the coast.
3.2.

Coastal Plain {Sounds and Estuaries)

Based on studies from various places in the ~orld, it has
been concluded that zooplankton distribution is largely determined by the salinity and temperature distribution in the
estuaries. None of the studies of zooplankton in the survey
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Table 3.1.

A partial list of descriptive literature relating to
the meroplankton

Mollusca
Pelecypoda

Loosanoff and Davis 1963
Chanley and Andrews 1971

Annelida
Spionidae

Blake 1969

Coelenterata
Hydrozoa

Calder 1971

Crustacea
Cirripedia

Balanus eburneus
Balanus amphitrite
Balanus improvisus

Costlow and Boekhout 1957
Costlow and Boekhout 1958
Jones and Crisp 1953

Decapoda (in general)

Sandifer 1971*

Penaeids

Pearson 1939
Dobkin 1961
Ewald 1965
Cook and Murphy 1971

Pisces
Mansueti and Hardy 1967**
Hildebrand and Cable 1930
Hildebrand and Cable 1934
Hildebrand and Cable 1938
Mansueti 1958

General

*This dissertation cites numerous published descriptions of
larvae of decapod species found within the study area and a
brief description of known stages for these species.
It
includes virtually every description available in the literature
plus several new descriptions of larvae .
While written in
reference to Chesapeake Bay, it is relevant to the present
survey area.
** First volume of a planned series
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area were designed to investigate this relationship. Available
information is scant for all groups. The following is a summary
of the information available for specific estuaries.
3.2.1.
3.2·.l.l.

Subzone I
Pamlico So_und, Core Sound_, Bogue Sound, and Adj_acent
Rivers

Sutcliffe (1948} listed twelve species of calanoid copepods
found in the Beaufort area by previous authors or himself.
These are listed in Table 3.2 with season of occurrence.
Subsequently Sutcliffe (1950} reported on zooplankton in
Beaufort Inlet, Bogue and Pamlico Sounds, and the adjacent ocean.
In all areas, copepods (copepodids + nauplii} dominated the
plankton (Table 3.3). Twenty-four species were reported at
Beaufort Inlet, several of which were absent from the less
saline Sounds. An additional forty-eight species were reported
from oceanic stations. Quantitative data were provided for the
Beaufort Inlet station only. Acartia tonsa dominated the
copepod fauna in all estuarine areas, with a maximum abundance
of 5000/m 3 (copepodids only}. Other holoplankters reported were
four species of chaetognaths (one misidentified} and two species
of cladocerans (Evadne tergestina and Penilia avirostris).
Eight groups of meroplankters were observed during the warmer
months (larvae of pelecypods, annelids, barnacles, gastropods,
tunicates, echinoderms and decapods/stomatopods, and medusae,
in order of percent contribution to the plankton). No specific
identifications were attempted for these groups. The percent
composition differs somewhat for the areas other than Beaufort
Inlet because of the distribution of adult species as a function
of salinity regimes.
Williams and Deubler (1968a, and the series of papers by
Williams discussed below) refer to the abundance of Mnemiopsis
(ctenophore} during the summer months which often clogged their
nets
(No quantitative data were given}. No detailed studies
of other holoplankters have been conducted.
Williams (1955} reported on the distribution of post larvae
of three species of Penaeus (P. aztecus, P. duorarum and P.
setiferus) in estuaries along the entire North Carolina coast.
He identified four basic nursery ground areas differing in
degree of utilization by the three species. The.southernmost
nursery ground extends from Brunswick to Onslow counties and
is characterized by the high density of P. aztecus and P.
setiferus with only minor production of P. duorarum.
The
second area is from Onslow to Carteret counties and is
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Species of calanoid copepods reported for Beaufort, North Carolina
with season of occurrence (after Sutcliffe 1948).

------S_eecies

Season

Remarks

Acartia cZausi

Pearse (1936), but not found
by Sutcliffe.

Acartia Zongirostris

Pearse (1936), but not found
by Sutcliffe.

Acartia tonsa

year round

dominant species

Centropages hamatus

Dec. to April

Centropages typicua _

July to Oct., 1947
May to June, 1948

Sampled from July 1947 to June
1948

EucaZanus monarchus

July to Dec., 1947
June, 1948

occasional

Labidocera aestiva

year round

ParacaZanus parvus

July to Feb., late
March to June

PonteZZa meadii

June, 1948

rare

PseudocaZanus minutus

Pearse (1936), not found by
Sutcliffe.

Pseudodiap t om u s co r ona tus July, 1947
Oct. to Dec. 1947

infrequent

Temora turbinata

July to Nov. 1947

•

Table 3.3.

Percent of copepods (including nauplii) in four
North Carolina areas (from Sutcliffe 1950).

Area

% Copepods in
Total Zooplankton

Beaufort Inlet

80.0

Bogue Sound

56.8

Pamlico Sound

85.6

Ocean

85.5

12 4

# of species
24

72

•

characterized as the major nursery ground for P. duorarum with
many P. aztecus. The next northward area is West Pamlico Sound
where P. aztecus production is greatest followed by P. duorarum
and P. setiferus.
The last zone was North Pamlico Sound which
was similar to West Pamlico Sound but with a greater abundance
of P. setiferus.
It should be noted, however, that in subsequent
studies, Williams (1969) cautioned that P. setiferus and P.
duorarum could not always be distinguished with certainty in
early stages •
Williams (Williams and Duebler 1968a, 1968b; Williams
1969, 1971, 1972; Williams and Bynum 1972; Williams and Porter
1971) performed a 10-year sampling study of macrozooplankton
designed to determine the seasonality and abundance of penaeid
shrimp and fish larvae in the area. Stations were located at
Drum Inlet (north of Cape Hatteras), Beaufort Inlet (actually
five miles inside the inlet at the University of North Carolina,
Institute of Marine Sciences pier), and Lockwoods Folly Inlet
(south of Cape Fear), and at a series of stations in the Neuse
and Pamlico Rivers. The Beaufort Inlet station was sampled
most extensively. Since previous studies of penaeid postlarval
distribution had revealed that the larvae were most abundant
in surface waters at night (Williams 1955, 1959), all samples
were collected at night. Details on collection methods are
provided in Williams and Deubler (1958a, 1958b).
Williams and Deubler (1968a) discussed the hydrographic
climate (expressed as climatic polygons) and the distribution
of the penaeid postlarvae and juveniles. The abundance of
P. aztecus and P. duorarum was to some degree related to salinity,
probably as a function of distance from the inlets (larvae are
produced at sea; see Chapter 6, Fisheries, for life history
summary). These species were found at salinities from 0.10 to
34.88°/oo and 0.5 to 36.73°/oo respectively. With reference
to temperature, there was a clearcut relationship. P aztecus
occurred at temperatures from 11 to 22C, P. duorarum from 23
to 28C, which reflects differences in spawning season and time
of recruitment. No relationship was found between abundance
and temperature during periods when the species were present.
Recruitment (and hence success of capture) was not correlated
with wind direction at time of sampling although there is a
seasonal difference in modal wind direction during the
recruitment periods for the two species. Lunar phase (new or
full moon; samples were not taken during other lunar phases)
did not affect abundance of P. aztecus significantly, but did
affect catch of P. duorarum with greater abundance during the
new moon. It was suggested that this was a function of light
intensity .
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In a subsequent paper, Williams ·(1969) described the
season of recruitment for the two species in detail. P. aztecus
is; recruited from February to May in most years with a peak in
March, whereas P. duorarum is recruited from (May) June to
October (November) with a peak from July to September at the
inlet stations. Recruitment is delayed slightly in the Pamlico
Sound and. Neuse River. Few Penaeus post-larvae were observed
in the Pamlico River. In the Neuse River, greatest numbers were
collected around Adams Creek. Adams Creek is connected to
Beaufort Inlet by the Intracoastal Waterway Canal and experiences
greater tidal effects than other Neuse River stations. Williams
suggested that much of the shrimp recruitment into the Neuse
River was via this route rather than from Pamlico Sound. At
the Beaufort Inlet station the median abundance was 12.6 (1
standard deviation of 1.68 to 94.50) for P. aztecus, 42.7 (1
standard deviation of 6.95 to 262.17) for P. duorarum.
(This
was based on a frequency vs. abundance curve which was linear
on a log normal scale with x3 class intervals; see Williams,
1969). Data were similar for the Neuse River but sparsity of
data precluded rigorous analysis.
Other shrimp species were only collected at inlet stations.
Trachypenaeus constrictus was found at all three inlet stations,
most abundantly at Beaufort Inlet, least abundantly at Drum
Inlet. This species occurred from June to November (occasionally)
This species is not adapted to estuaries and rarely reached the
Neuse River stations. Two sergestid shrimp were observed.
Acetes americanus caroZinae is a nearshore oceanic species.
It was present year-round with greatest abundance from April
to November.
It was less abundant at Beaufort Inlet than the
other inlets, probably because of the distance of this station
from the ocean. Adults were rarely observed in the Neuse
River. Lucifer faxoni, also an oceanic species, was observed
in greatest abundance from April to October. Ovigerous females
were collected from April to October at the inlet stations but
not at the river stations although adults did penetrate the
rivers during the warmer months.
The occurrence of some brachyuran larvae was described by
Williams (1971). He observed megalopae of CaZZinectes sp.
(probably C. sapidus, but uncertain because larvae of other
CaZZinectes species in the area have not been described).
Larger numbers were observed year-round at all stations than
previously reported by Pinschmidt (1963, discussed below) with
peak abundance during late summer and early autumn at the inlet
stations. Megalopae were also collected in the Neuse and
Pamlico Rivers indicating upstream migration during this stage
whereas it was previously believed that upstream recruitment
began with the juvenile stages (see discussion of life history
in Chapter 6, Fisheries). Hexapanopeus angustifrons megalopae
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were collected at Beaufort Inlet from July to October.
Rhithropanopeus harrisii zoeae (stage II and III) were collected
in the Neuse and Pamlico Rivers from late May to October and
megalopae from June to October. Larvae of this oligohaline
species were not collected at the inlet stations.
I

The distribution of brachyuran decapod larvae in the
Newport River was studied by Pinschmidt (1963). He made weekly
plankton tows at a series of stations in the estuary, both
surface and bottom during the daytime. Larvae of eleven species
were identified and studied. All zoeal stages of Rhithropanopeus
harrisii and Sesarma retieulatus were more abundant at the
bottom than at the surface. Most species were most abundant
at the seaward stations with salinities between 27 and 34°/oo.
Larvae of Vea sp. and R . harrisii were collected at upstream
stations. This correlates with the distribution of the adults.
The most abundant zoeae were those of Vea (three species
present; larvae indistinguishable).
Pinschmidt (1963) found
fewer late stage larvae than early zoeae. However, megalopae
are more available to sampling in the water column at night
and were therefore inadequately sampled in this study.
Knowlton (1970) discussed the distribution of Palaemonetes
zoeae (late stages) and postlarvae and Alpheus (normani?)
larvae in the samples collected by Williams. These were the
dominant caridean shrimp in these samples. Palaemonetes sp.
occurred at all stations, Alpheus only at inlet stations which
matches adult distributions. Larvae of Palaemonetes were
present from May to November at Beaufort Inlet, May to September
in the Neuse River. Peak abundance (>100/sample) was in
August. Alpheus appear from May to November with no period of
peak abundance.
As one would expect, decapod larvae are present only
during the warmer months which correlates with the spawning
season. The distribution of each species is clearly correlated
to the spawning area of the adults though the hydrographic
climate must play some role ~n controlling larval distributions.
Williams and Deubler (1968a) gave some data on bothid
larvae (flatfish of the genus Paraliehthys).
Paraliehthys
dentatus and P. lethostigma larvae occurred throughout the
estuary at salinities from 0.02 to 35.0°/oo while P. albigutta
occurred only near the inlets (salinity from 22 to 35°/oo).
The larvae appeared during the cooler months (8 to 16C). Catch
rate was correlated with lunar period, with more postlarvae
captured on the new than the full moon, although the relationship was only statistically significant for P. dentatus.
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In addition to these common meroplanktonic forms, Williams
(1972; Williams and Bynum 1972; Williams and Porter 1971)
reported various species which are usually considered benthic.
Their presence in the plankton is apparently mediated by the
animals behavior rather than scouring of the bottom by currents,
so strictly speaking they are meroplankters. The species
included.were two species of the caridean shrimp Ogyrides
(ju~eniles), seven species of molluscs (juveniles) and fiftyeight species of amphipods (adults). Quantitative counts were
not made, but "l0's'' and "l00's" were recorded. The-cause of
the vertical migrations and the effect of these organisms on
the community during the night are unknown. Williams postulated
that the causes are species-specific and may involve avoidance
of bottom predators, feeding, or reproduction. Presence of
these organisms in the plankton has not been reported frequently,
largely because most samples are collected in the daytime when
these species are absent (or nearly so) from the water column. The
migrations are usually seasonal and in some cases related to
lunar phase.
A single study of zooplankton volume has been carried out
at a series of stations in Core Sound by Williams et al. (1968).
Their samples were taken at mid-depth (about 1 meter) during
the day. Since Core Sound is shallow and well-mixed, they
considered these samples representative of all depths.
Macroplankters (fish postlarvae and juveniles, and medusae) were
removed prior to displacement volume determinations.
In 87 of
110 samples, copepods represented half or more of the plankton
volume.
In 16%, medusae and ctenophores dominated the catch,
and in 7% and 6% respectively detritus or detritus plus
phytoplankton, sand, and medusae dominated the catch. Meroplanters (crustacean, molluscan and polychaete larvae) dominated
the zooplankton in seven samples. Chaetognaths, caprellids
(Amphipoda), and fish eggs and larvae dominated in one sample
each. The tunicate OikopZeura was common in many samples but
never dominant. Some representative volumes are presented in
Table 3.4. Volumes were slightly higher in winter than
summer-early fall, but not significantly.
The plankton volumes for Core Sound were compared to the
results for coastal (shelf) and oceanic (Gulf Stream and
Sargasso Sea) areas derived from the literature (St. John 1958). A
linear log-log relationship was found between plankton volume
(ml/m 3 and depth ~f water to a depth of 100 m, with standing
crop increasing w+th increasing depth. The average standing
crop forhthe water column in Core Sound was about the same
as for t~e oligotrophic Sargasso Sea. The authors suggested
that zoo~lankton floes not constitute the major herbivorous
component of the estuarine ecosystem as it does in shelf waters.
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Tab l e 3 . 4.

Plankton vol umes in Core Sound, North
Car o l ina (from Wi ll iams et a l. 1 968)

Average plankton volume
Barden Inlet

0.089 ml/m 3

Upper Newport River

0. 1 49 ml/rn3

Entire Core Sound area
(400 km 2 )

0. 114 ml/rn3

Total standing crop, average

•

•

•

•

•
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0 .13 ml/m 2

Williams et al.
(1968 ) estimated that the zooplankton
community is much smaller than would be expected on the basis
ofi available phytoplankton. They postulate that this results
from heavy predation on the zooplankton.
If this is true,
their suggestion that zooplankton is comparatively less
important in the estuarine trophic structure than in the ocean
may not b.e strictly true. The reproduction rate of zooplankton
in the estuary may be high, while only a limited standing crop
exists at any given time because of a high grazing rate. This
would require a great deal of study to evaluate.
3.2.2.
3.2.2.1.

Subzone II
South Carolina Estuaries

During the early 1960's a sampling program was conducted
by Bears Bluff laboratory in estuaries from Wadmalaw Island
to Calib ogue Sound to evaluate the recruitment of Pen aeus sp.
postlarvae. Bearden (1961) reported P. aztecus postlarvae from
January to May (peak in March), P. s e tiferus from early June to
September (peak in late July) and P. du o rarum from late M~7 to
September (most n umerous during late July and Augu st but very s mall
numbers at all times ) .
No differen tiation was made between
abundance in the various estuarie s comparable to the study in
North Carolina by Williams (1955).
Lunz (1965), in an Annual
Report to the State of South Carolina, indicated that mysid
shrimp (probably Neomy s i s ame ricana) dominated the plankton
from January to March followed by copepods and coelenterates.
He also listed several fish postlarvae as common (menhaden,
spot, flounder, croaker, eel, pinfish ( Lag odon rhomboides) ,
and mullet), but no quantitative data were given.
3 . 2 . 2 . 2.

Doboy Sound and Duplin River, Georgia

The sole zooplankton study for this area is that of Jacobs
(1 968) for copepods. As in o t her e stuaries, Acartia tonsa is
the cbmi nant s pec i es. Pseudodiaptomus coronatus (br ack is h wat er
speci e s ) and Paracalanus parvus we r e a lso abundant. Centropages
hamatus a nd Labidocera aestiva wer e c ommon dur ing spring and
and su~mer months respective l y. A. tonsa and P. coronatus were
most abundant in the middle portion of the Sound while P. parvus
was most abundant near the mouth of the Sound and at offshore
stations. In the Dup l in River , A. tonsa was dominant with
peak abundance in the middle of the river. A theory is
expounded to account for the mid-river concentration of Acartia
based on vertica l distribution and tida l action in flooding the
extensive adjacent marshes. No other zoop l ankton groups have
been studied in this estuary.
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3.2.3.

Subzone III

3.2.3.1.

•
•
•

St. Johns River, Florida

In a study of the biology of CaZZineates sapidus in the
St. Johns River (see Chapter 6, Fisheries), Tagatz (1968a)
examined the zooplankton for CaZZineates zoeae and megalopae.
As noted previously,,larvae in this genus cannot be assigned
to species because larvae of. only one of the four CaZZineates
species have been described. Zoeae were observed from April
to October from the mouth to 11 km upstream in numbers
ranging to 460.9/m 3 • Zoeae were more abundant at the surface
than at the bottom. Only the first two zoeal stages were,
captured in the ratio 323 Stage I to 1 Stage II. Megalopae
were found predominantly in bottom samples {96% of megalopae
collected). This differs from the observations of Williams
{1971) for North Carolina, but this is probably due to differences in the time of collection {daytime, Tagatz 1968a;
nighttime, Williams 1971). Megalopae were rare compared to
Stage I zoeae {164 Stage I to 1 megalopa).
Zoeae of 22 other species of crabs were collected, but
quantitative data were not presented. CaZ lineates zoeae
were the third most abundant behind Uaa and Sesarma in 1961
and second behind Uaa in 1962. Megalopae of these species
were also more abundant.
Forty kilometers upstream,
CaZZineates zoeae were still present occasionally, but the
dominant zoeae were Rhithropanopeus harrisii, Sesarma and
Vea {in order o f abundance). Further upstream near Jacksonville,
Florida, CalZineates was absent and Rhithropanope us was the
single dominant {brackish water) species . This change in
dominance order reflects the larval salinity tolerance.
3.3.

Continental Shelf

As noted earlier, the most extensive collections of
zooplankton were made by the R/V T. N. GILL in 19 5 3-19 5 4.
Detailed reports have been published for some groups in this
material.
3.3.1.

Holoplankton

Bowman {1971) reported in detail on the copepods collected
during the first four cruises of the T. N. GILL.
He reported
100 species of copepods from these samples .
Detailed distribution/abundance maps are provided for each species collected.
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There was a marked inshore-offshore zonation by species
related to the water masses sampled (shelf water, Gulf Stream,
a~d Sargasso Sea). The diversity of copepods increased in an
offshore direction (<10 species/sample near shore to 25
species/sample offshore), whereas copepod numbers decreased.
No north-south trends were observed.
Bowman (1971) computed affinity indices for the 13 species
most consistently present in significant numbers~ From . this .,:
data, he recognized three species associations related to
inshore-offshore relationships (Table 3.5). Of the remaining
81 species collected, most were oceanic. Despite the close .
affinity of copepod species with water masses, the degree of ·
admixture of species from other water masses is considerable,·
which is to be expected from the circulation patterns of these
waters.
A few stations were dominated by coastal species, especially
near the mouth of the St. Johns River and Indian River (at
Cape Canaveral). Acartia to~sa dominates near Beaufort Inlet,
St. Johns River, and Cape Canaveral.
Labidoce1~ aestiva is
more widely distributed in coastal and shelf waters.

The absence of a north-south variation in the copepod fauna
results from the relative uniformity in temperature-salinity
conditions along this axis.
North of Cape Hatteras, the fauna
is similar during warmer months when tr0pical species carried

northward can find suitable conditions, but is clearly different

during the cooler months. Some speci 0s such as ! ~artia tonsa
do occur in Virginian Co~stal Water, ~ut are increasingly limited
to warmer months in northern areas (replaced ~y A. cl~usi in
colder months). The work of Sutcliffe (1950) adds little to
the above information because of the non-quantit a tive nature
of the data.
Pierce and Wass (1962) described i n detail the chaetognath
fauna from the T. N. GILL collections. They 0bserved 12 species
in three genera which agrees with the res u lts of previous studies
limited t o t he No::'.'t h Caro l inc.1 coast. ( Bt!:npus anJ ? i e rce 1955 ;
Pierce 1953 , 1958) . The average <lensi t y fo r the area was 8 . 7/m 3
wi th individua l speciEs h~·ing nvcrage abunda~ces ranging from
<0.1 to 3.l/m 3 • The dom!.~ant species bas~d on abundance we re
d i fferen t from tho,-e base d en perr.e·1t occurrence (Tabl e 3. 6) .
The abundance of r.haetognaths in inshore u.!'.'eas was two
to five times that in offshcre areas, but species diversity
increased. Table 3 . 7 l.ists t.:1e b• Alve spe~i,:, :., and specifies
the water masses with which they were assocj ;:i_ted. S . hispida
was considered the best indicator of shelf waters, while

- -- - - - - - - -
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Table 3.5.

Copepod species associations by
water mass (from Bowman 1971).

Water mass

Species

Coasta l

Acart i a ton sa
Labidocera aestiva

Shel f

Paracalanus parvus
Centropages furcatus
Eucalanus pileatus
Temo-ra turbinata

OcP-anic

Luci~utia flavicornis
Temora stylifera
Paracalanus aculeatus
Clausocalanus furcatus
Calanus minor
Undinula vulgaris
Euchaeta marina
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Table 3.6.

Dominant species of chaetognaths based on abu ndance
and based on percent occurrence (from Pierce and
Wass 1962).

Species

Percent
abu ndance*

Pe rcent
occurrence**

Sagitta enfZata

36.1

Sagitta tenuis

19.2

Sagitta helenae

15.4

50.5

Sagitta ser1r1atodentata

11.7

65.2

88.5

Kr1ohnitta pacifica

60.2

Pte r1 osagitta dr1aco

54.4

*

Per cent of total individuals; species accounting for
more than 10%.

**

Per cent of samples ; species acco unting f or more than 50%.
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Table 3.7.

•

Species observed, and water mass(es) where each
occurred (from Pierce and Wass 1962) .

S,Eecies

•

Water mass

Sagitta enflata

Wide spread

S.

Coastal

tenuis

S. helenae

Shelf

S. serratodentata

Oceanic

S. hispida

Coastal

S . minima

Oceanic

S. pipunctata

Oceanic

S . hexaptera

Oceanic (deep water)

S.

Oceanic (deep water)

Zyra

Krohnitta pacifica

Wide spread (but declined
markedly in Sargasso Sea)

K. subtilis

Gulf Stream (rare)

Pterosagitta draco

Outer shelf and Gulf Streams

135

S. hexaptera, S. lyra, K. pacifica and P. draco were the best
indicators of Gulf Stream water.

The species showed no north-south changes in distribution
as was also observed for copepods (Bowman 1971). There were
no clear differences in seasonal distribution of any species.
Abundance· changes were observed but could not be correlated with
season.
Sagitta elegans was reported from Beaufort Inlet by
Sutcliffe (1950). This presumably resulted from an intrusion
of Virginian Coastal Water during his study; this species is
not a regular inhabitant of Carolinian Coastal Water. S.
robusta reported by Sutcliffe (1950) is clearly a misidentification.

The distribution of two pelagic decapods observed in the
T. N. GILL collections (Bowman and McCain 1967), Lucifer
faxoni and L. typus has been described in detail. L. faxoni
occurred over most of the area sampled, but was absent from
the most offshore stations (Sargasso Sea).
During the winter
and spring months, it was also absent from coastal stations.
L. typus was found well offshore, usually seaward of the 200 m
contour. This species was closely associated with the Gulf
Stream. Sutcliffe (1950) reported both species from Beaufort
Inlet but only rarely, and never in Bogue or Pamlico Sound.
Williams (1969) reported L. faxoni from three inlets, and the

Neuse and Pamlico Rivers in nighttime samples.

Nevertheless,

this genus is essentially oceanic, not estuarine.

The pteropods have been identified fLom a collection
limited to North Carolina waters (Chen and Hillman 1970 ).
Nineteen species were found . Th ese can be grouped as subarctic
(1 species), subtropical (11 species), and tropical (8 species)
species. The subarctic species, Limacina ret ro versa was
found in cold slope waters (mainly north of Cape Hatteras)
where it was dominant (97% of pteropods). The average
abundance in this water mass was 15/m 3 • The subtropical group
represent ed 1 0% of t he p t eropods in surf ace wa t ers of t he Gulf
St ream (20- 30% o f t he p t eropod s in t he upper 200 m). The
t ropica l spec ies d omi na t e d t he Gu l f St ream wa t ers wi t h L.
trochiformis represe n t ing 60% of t he su rface p t e r opod fauna
(4 0% o f t he upper 200 m) and Creceis virgula conica , 21- 36% .
Pteropods were 4 t imen more abund ant i n slope wa t er a n d 7
times more abundant in the Sargasso Sea than in the Gulf
Stream.
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•
3.3.2.

•
•
•

•

•

•

•

•

Meroplankton

The only meroplanktonic group in the T. N. GILL collections
which has been reported on in a separate detailed publication
to date is Callineates larvae (not differentiated to species)
(Nichols and Keney 1963). All eight zoeal stages and the
megalopa were observed. They were most abundant in certain
sections of the coast (Matanzas (Florida), Jacksonville,
Savannah, Charleston·, and Cape Fear) which correlates with major
sources of freshwater inflow. The largest numbers of early
zoeal stages were found near the shore, with later stages found
progressively further offshore.
In Florida and Georgia waters,
larvae were caught in every month (late stage larvae from April
to October only) whereas in North and South Carolina waters
early zoeae were observed from May to December, late zoeae from
May to September, and megalopae year round. This correlates
with the longer breeding season for Callineates in southern
waters. Other decapod larvae observed were listed (when
identifiable) but no quantitative data were given .
3.3.3.

Zooplankton Composition

Sutcliffe (1950) gives the percent occurrence for various
zooplankters in North Carolinian waters (Table 3.8). However,
with the exception of copepods, chaetognaths, and cladocerans,
he did not distinguish between species. These data are
somewhat misleading since seasonal differences in plankton
composition are not considered. Most meroplankters tend to be
present in greater abundance during the warmer months and during
these periods represent a larger fraction of the total zooplankton.
The zooplankton composition in gross categorizations was
presented for each station sampled during the T. N. GILL cruises
in the preliminary data reports.
(Anderson et al. 1956a, 1956b,
1957; Anderson and Gehringer 1957, 1958a, 1958b, 1959a, 1959b).
Data for cruises 5, 2, 7, and 8 have been selected to represent
the situation during winter, ?Pring, summer and fall respectively.
The data are summarized in Figures 3.1-3.4 and Table 3.9 .
The total concentration of surface zooplankton (numbers/m 3 ;
Figures 3.1-3.4) tends to decrease with distance offshore.
Relatively low concentrations impinge on the nearshore waters
during all seasons except the summer, when nearshore waters have
a relatively uniform high density. The maximum concentrations
observed were 3317/m 3 off Cape Canaveral in the spring,
3499/m 3 off Cape Romain in the summer and 3277/m 3 off St.
Augustine in the fall.
During the winter the concentration was
usually less than 1000/ m 3 except for 3 scattered stations).
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Figure 3.1.
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3
Winter zooplankton distribution (n~s./rn )
in surface waters of the continental shelf
off southeastern United States based on
data from T. N. GILL Cr11-i.~e 5, 1954.
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Fig ure 3.2.

Spring zooplankton distribution inos . /m 3 )
in surface waters of the continental shelf
off southeastern United States based on
data from T. N. GILL Cruise 2, 1953.
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Summer ~ooplankton distribution (nos./m 3 )
in surface waters of the continental shelf
off southeastern United States based on·
data from T. N. GILL Cruise 7, 1954.
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3
Fall zooplankton distribution (nos ./m )
in surface waters of the continental shelf
off southeastern United States based ·on
data from T. N. GILL Cruise 8, 1954.
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Table 3.8.

Composition of the zooplankton off North
Carolina_{Sutcliffe 1950).

Organisms

% Total zooplankton

Copepod ids

44.3

Copepod nauplii

41.2

Tunicate larvae, larvacea

5.1

Pelecypod larvae

3.6

Annelid larvae

2.3

Gastropod larvae

1.6

Chaetognaths

0.8

Medusae

0.2

Barnacle larvae

0.2

Echinoderm larvae

0.2

Pteropods

0.2

Cladocera

0.1

Pelagic tunicates

0.1
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Table 3 . 9.

zooplankton composition for stations on 4 transects during the
T. N. GILL Cruises (W-cruise 5, S-cruise 2, S-cruise 7, F-cruise
8).
(See Anderson and Geringer in bibliography for citations.)

Cape Hatt eras Tra nsect

s

w

0.69
0 .lt7
O.lt7
12.80

Coelent erat a
Cha etognath&
Hise. Woraa
Copepod&
Oatr&cod&
Hyaid&ce&
Allphipod&

0.03
0.03

Isopoda

s

F

s

F

It .87

w

s

s

F

6.37
13.77
0.80
S3.18
2. 71

7.62
7.27
o. 53
Sit. Sl
It. lt3

8.61t
7.ltl
0. 38
S0.52
l.1t2

11.98
35.Sl

7. 71t
0.72
ss.73
1.96

0.21

l. 23

o.s2

1.01
... 61
0.21t
57. 20
10.96
0.01
o. lt3

0.96

1.06

0.85

2.17
0.62
0 .ltl
0 .ltl
1.03
l.ltlt
18.16
0.62
0.02
3. 20

3. 82
1.27
0.16
0.88
O.ltO
1.99
lt.22
0.96
0.06
7.88

3.19
0.35
0.18
0.35
0.35
l.lt2
12. 21t
o. 71

3.0lt
o. 76
1.80
20. 89
0.57

35 .65

0.10
0.02
6.66
0.81
0.21t
0.81
2.30
13. 75
0.03
0.01
15.89

o.os
O.lt6
0.28
0. Sl
0.01
0.96
S.86
7.85
o. 31t
0.03
8.97

·,. 96

3.13

99.62

99.78

99.lt3

99.17

99. so

o.os «o. 01
0.35
o. 22

0.12
O.ltO

0.07
0.71t

0.01
o.so

o. 77
0.02
O.lt8
0. 36

0.08
0.03
0. 26
0.13
8.lt6
0.03
0. 71
16.0lt

Subto~&l (Invert.)

99.67

98.80

99.30

0.31
0.02

1.17
O.Olt

0.12
0.59

Fish Eggs
Fish Larvae

s

w

O.ltl
9 .ltS
0.13
ltS. 3'+
2.12

.07
2. 51

Stomatopod&
Euphauaiac:ea
Shrilllp
Cr&ba
Hise. Crustacea
Pteropod&
Hise. Mollusc&
Larvac:ea
Hise. Tllnic&t&
Leptocardii
Hise. Organiau

0.01
59 .lt3

Station 80

Station 79

Station 78

0. 27
10 .85
0.12

Cape Fear Transect

Station 59

Station 58
Coelenterata
Chaetognath&
Hise. Woraa
Copepoda
Oatr&cod&
Hyaidace&
AIDphipod&
Iaopoda
Stomatovoda
Euphauaiace&
Shrimp
Crabs
Hise. Crustacea
Pteropod&
Hise. Mollusc&
La.rvacea.

Hise. Tunic&t&
Leptocardii
Hise. Organisms
Subtotal (Invert.)
Fish Eggs
Fish Larvae

w

s

s

F

2. 28
llt.02
0. 29
71t.78
0.85
O.Olt
0.18

0.56
3 .lt6
o. 37
13. 77
O.Olt
3.05
1.00
O.Olt

0.33
6.ltO
0.25
28. so
0 .18
0.08
O. Sl

0.10
0. 37
0.02
65.28
0.02
l.1t3
0.10

0.15

0 .12

0. 71

1.9"
0.01
0 .01

«O. 01
27.lt7

2.96
10.ltl
21.62
0 .11
0.80
S.13
S.77
0 .01
15.22

lS.OS
1.92
0.32
0.02
o. 32
13. 72
o.os
<O .01
0.89

6.02
1.06
0.35
1.06
l. 77
5.67
6. 73

0.22
0.09
0.15
0.19
0.09
0.22
0.03

11.69

.. S.60

99.60

99.0S

98 ... 3

99.76

99.llt

o. 37
0. 02

0.90
0.06

0.91
0 .61t

o.os
0.19

0. 39
o ...6

0.07
0.99
0 .Olt
0. 07
0.66
3. 27
1.51
0.55

o. 71
l.91t

..It. lit

0 .Olt
1.27
1.19

w

s

F

1.33
16.13
0.03
lt0.68
9 .ltl
0. 21

Station 61

Station 62

s

F

w

s

s

F

w

s

s

F

l. 75
6.07
O.Sl
26.ltO
17. 76

2.90
3.ltl
0.21
61+.37
2.22

1.s1t
7.16
0.27
59.02
6 .so

3.07
9 .It..
0. 33
56. 26
It. 56

2. 71t
3.lt9
,).53
76. 26
1.21

3.16
13.15
0.26
52.67
6.57

o ... lt

0.60

1.19
0.16

2.07
0.62
0.31
l.ltO
0.62
o. 72
2 .lt3
2.53

o. 31t
lt.11
0.69
0.62
1.06
1.21
1.90
3 .lt9

8.17

1. so

0 .12
0.61t
l.ltS
0.12
o. 36
1.03
3.51
3.69
«0.01
llt.77

0.96
0.09
0.09
1.1..
0.53
0.96
0.09
0.61
0 .61
7.19
0.88

0.73

o.os
0.88
1.26
l. 70
l. 26
O.lt9
i.s"
10.15
2.09
0.08
S.60

1.15
0.06

6.80
S.33
l.53
S0.30
l.13
0.07
O.S3

0.20
0.68
0.93
O.S6
0 .0'7
o. 31t
0.12
13.83
o ... 6
«O. 01
1 ...0

S.06
1.01
0 .lt3
73 .so
3 .61
0.07
0.76
O.Olt
o.01t
l.31t
l.81
0.90

1.60
8.90
0.35
53 .96
8 .3 ..

1.1..

0. 62

10.60

2.85
7.79
o. 37
6'+.ltS
3.87
0.07
0.89
0.02
0.07
0.09
2.17
0.98
0.75
0.65
0.82
8.70
2 .17
a.11
2 .lt3

It .92
10 .59
0.97
65.80
2.05

o. 36
0.02
0.25
o. 31t
l. 33
2.78
0.32
0.70
S.61
0.17
0.13
<0.01
31t.08

2.lt2
8.03
0 .33
'+7.Sl
12.81t
o. 30
2.39

o. 29
1.73
l.81
1.23
«O. 01
6.12

99.21t

97. 21

98.58

86.ltS

99. Sit

99.36

99 .Sl

99.'+8

99 .56

99 .25

99.75

0.67
0.09

1.15
1.63

0.79
0.65

13 .ltl
0.16

0.25
o. 21

0.03
0.59

0.01
0 ... 6

0 .Olt
0 ... 6

0.02
O.lt6

0.02
o. 77

o. 26

l.1t2
0.88
9. 56
2.Slt
0.35
0.03
lt6. 03 36.72
6. 37 10.52
o. 35

Station 60

s

s

1.85
0.03
1.00
lt.00
1.06
o. 21
12.83
0.27

w

0 .11
0.81
2.16
2.86
2.11

o. 32
0.89
0.97
1.62
0.09
o.so
0.63
7.95
1.6..

2. Sit

10.80

0.13
1.13
27. 38
0.20
0.01
l. 53

99.67

99.29

99.20

0.01
0.30

<<0.01
0.1 ..

0.78

2.10
0.10

0.13
2.20
0.60

Savannah Transect

Station 37

Station 36

Station 38

Station 39

w

s

s

F

1.i2
8. S
0.19
.. 1. 3,.
17.lt8
o.s..
O.lt8
0.02
0.02
0.03
0.38
0.59
O.lt3
0.03
0.37
8.53
0.69

l.1t9
1. lt3
0.17
81t.OO
0.30

0.87
1.31
O.Olt
S2.71t
0.08

0.89
lt.Olt
0.16
36. 63

0.22

0.29

0.36

0.07

0.58

0.13

3,85
1.92
0.63
0.22
0.37
2 .66
0.99

o ... lt
".12
0.08
O.Olt
0.'+lt
36.18
0.91
0.66

O.lt9
1.8..
0.03
1.8..
1.28
.. o .lt7
o. 59
0.01
9.77

98. 78

98 .53

w

s

s

F

w

s

s

F

Coelenterata
Chaetognath&
Hise. Werma
Copepoda
Oatr&cod&
Hyaidacea
Aaphipoda
Iaopod&
Stoeatopod&
Euphausiace&
Shrimp
Crabs
Hise. Crustacea
Pteropod&
Hise. Mollusc&
Larvacea
Hise. Tunic&t&
Leptocardii
Hise. Organiau

0 ... 8
21. 37
2 ...9
57 .61
1 ... 20
0.07
0.10

0.95
"• Sit
0.09
SS.62
2 .03
0.66
2.22
0.19

0.25
1.31
0.02
31.87
... 98
o ... 8
1.53
0.01
0.27

0.63
0.86
0.08
25.03

0.58
12 .lit
o ... o
1... 1s
35.95
0.16
l.Slt
o.os

2.76
3.86
0,17
S3 ... l
o.s1t
0.08
l.80

0.12
12.92
0.02
17.23
17.92
0.10
0 ... 2

o. 27
8. 71
0.09
2... 11
l.21t
o.os
0.95

0.06

0 .36

0.01

0.19
0.65
0.05

0 .52
5.06
5.29

0.93
8.88
0.73

0.59
6.36
0.08

0.06
9.86
3.95

1.39

1 ... 1
S.58
0 .19
0.28
lt.11

9.29
2.05
0.82
0.01
11. 31
29.27
0.01
o.os
18. 37*

0.10
o ...6
o.os

0.60
0.69
0.02

lS.79
It .70
0.01
O.Olt
0.17
13. 37
13.Sl
0 .lit
10.81

6.56

..... 3

1.57
2. 36
0.02
0.21
0.26
30 .33
3.10
0.01
11.89

2.63
2 .93
0.03
0.77
o. 71t
22.21
17.86
0.02
16.66

12.66

0.09

Subtotal (Invert.)

99.91

88.80

99. 26

99 .68

99.77

9l.S2

98.81t

99 .31t

99 .85

98.ltl

7 .83
0.66

0 ... 9
0.67

0.16
O.Sl

o.o ..
0.12

0.65
0.92

0 ... 1
0.7 ..

0.93
0. Sl

Fish Eggs
Fish Larvae

0.08
0.02

10 .88
0 .33

0 ... 8
0. 21t

i.s"
o. 2..
0.11
0.01

0.17
0.1 ..

0 .23
0.01

w

Station '+0

s

s

F

w

s

s

lt.67
1.15
o. 32
70.57
o ... o
0.12
1.12
o.o ..
0.12
1.68
1.56
0.68
0. 28
0.96
1.60
S.19
1.28

l.92
2.81
0.3"
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To assess the zooplankton composition, the raw data
(numbers/m 3 ) for stations on four transects (Cape Hatteras,
Cape Fear, Savannah, and Cape Canaveral) were converted to
percentages (Table 3.9). The zooplankton was dominated in
general by copepods and offshore, by larvaceans, both
holoplankters. The degree of dominance at inshore stations was
low during the spring, summer, and fall when large numbers of
meroplankton enter the fauna. Other holoplankters present
included coelenterates (in part), chaetognaths, euphausids,
pteropods, miscellaneous crustaceans (in part), and miscellaneous
organisms (in part). Coelenterates and chaetognaths were
increasingly important in the offshore plankton reaching 8%.
On rare occasions, high densities were also observed inshore.
Euphausids were rare or absent on the inner shelf (<1%) and
usually 1 to 3% over the outer shelf and slope. Pteropods
were slightly more abundant offshore, but nowhere exceeded
2% of the zooplankton. Miscellaneous crustaceans and the
miscellaneous organisms category presumably contained some
holoplankton (LuaifeP sp., cladocera, and rotifers), but
their individual contribution to the total zooplankton cannot
be evaluated .
The meroplankton included coelenterates (in part),
miscellaneous worms, shrimp, crabs, miscellaneous crustacea
(in part), miscellaneous molluscs, miscellaneous tunicates,
lepticardii, and miscellaneous organisms (in part, esp
echinoderm larvae). Miscellaneous worms were only a minor
component of the zooplankton (<1%) with no obvious seasonal or
geographic trends. Shrimp were seasonally abundant (maximum
of 15.79%) with greater abundance on the inner shelf than
elsewhere. Crabs (mostly or totally larvae?) were present
during all seasons at all stations. Peaks in abundance
occurred during the spring, summer, and/or fall at different
stations.
Relative abundance over the outer shelf and slope
was low (<2%) and relatively uniform over the seasons. The
maximum concentration (44%) occurred during the spring at the
nearshore station on the Cape Fear transect. On the Cape
Hatteras transect, crabs were_.never more than 0.81% of the
zooplankton even at the nearshore station. Miscellaneous
molluscs (larvae?) were seasonally abundant with a maximum of
11.3% during the fall at the nearshore station of the Savannah
transect. This group was present year round, but generally less
than 2% of the total zooplankton. Miscellaneous tunicates and
lepticardii were minor components of the zooplankton with
seasonal abundance peaks (summer or fall). Miscellaneous
organisms sometimes dominated the nearshore. (inner shelf)
zooplankton (e.g. 59%, Cape Hatteras, nearshore station,
spring; 34%, Cape Fear, inner shelf, fall; 77%, Cape Canaveral,
nearshore station, fall).
In some cases it was noted that high
densities of this category stemmed from massive numbers of
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echinoderm larvae. In general, this category declined in
importance offshore, but did at times approach 10% of the
zooplankton.
A category· "protozoa" was included in the raw data, but
is not considered here because it included phytoplankters
(dinoflagellates) and as a result was at times a disproportionally large component of the.total plankton. It is unfortunate
that foraminifera, radiolarians, t intinnids, and other
zooplanktonic protozoa were not treated separately. Greater
clarity in what was included in other categories and separate
enumeration of echinoderm larvae would also have been desirable.
Several groups were present at some stations and in small
numbers which are largely tychoplanktonic; ostracods, mysids,
amphipods, isopods, and stomatopods plus probably some
miscellaneous organisms and possibly some other categories.
These never contributed greatly to the total zooplankton.
(Mysids are sometimes considered as holoplanktonic, but life
history studies show that most spend the daylight hours on or
near the bottom. The function of nocturnal migration into the
plankton, like similar migrations by other organisms, such as
amphipods, is not clear. Here they are treated as tychoplankton
because of their life history and their minority position in
the zooplankton.)
Ichthyoplankton ( fish eggs and larva e) was a lso enumerated.

Eggs and larvae were present at all stations during all seasons

with a few scattered exceptions. Fish eggs generally declined
in abundance in an offshore direction. A maximum of 13% occurred
over the outer shelf on the Cape Fear transect in the spring,
10.9% nearshore on the Savannah transect in the spring, and 5.5%
over the outer shelf on the Cape Canaveral transect in the
spring. Abundance of fish eggs se~med to increase slightly from
north to south (not shown by the maxima). Seasonal abundance
peaks -occurred during t he spring, summer and/ or fall depending
on t he station. Fish larvae were always <2%, usually less t han
1% of t he total· zooplankton with n9 obvious seasonal or
geograph i c trend s .
3.3.4.

Zooplankton Volume and Other Studies

St. Johri . (1958) reported the zooplankton volumes for eight
transects in north Car:olina coastal shelf waters from Albemarle
Souncl to Cape Fea·r. (Measurements did not include chaetognaths
previously··removed for the chaetognath study of Bumpus and Pierce
(1955). The chaetognaths constituted 9 to 12% of the-plankton
volume in these samples) . Maxi mum zooplankton volumes (ml/m 3
occurred at stations located over the outer continental shelf ,
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usually near the 40 m depth contour (32 to 54 m). The average
zooplankton volume in each transect ranged from 0.14 to 0.27
ml/m 3 • The volume of plankton was relatively uniform regardless
of season which supports the conclusion from enumerative data for
copepod and chaetognath species cited above. It implies that
volume of meroplankton is only a small proportion of total
plankton volume even during the summer months or that there is
a compensatory decline in holoplankton volume. No data are
available regarding this point •
Plankton volumes were also determined during the T. N. GILL
cruises. Samples were taken in several ways; surface tows with
a Gulf IA High Speed Plankton Sampler, and oblique tows with
Gulf III High Speed Plankton Sampler and 1/2 meter nets. Only
the Gulf IA samples are discussed here. The sampling sites with
the plankton sampler do not correspond to the standard stations
and vary in number and location among the several cruises. Each
station on a given cruise was located on a chart and its plankton
volume listed as taken from the inner shelf, outer shelf, or
slope. The mean was then calculated for each set of values
(Table 3.10). Mean values ranged from 0.045 to 0.431 ml/m 3 •
In each season, plankton volume was low over the inner shelf,
increased over the outer shelf, and decreased over the slope.
Closer examination of the data revealed a maximum plankton
volume at stations located approximately between the 20 and 40 m
depth contour, comparable to the results of St. John (1958). No
north-south trend was evident except over the outer shelf during
the winter cruise of 1954. In this case the mean plankton volume
was 0.210 ml/m 3 north of 33°N, 0.652 ml/ m3 south of 33°N. Only
one of 6 values south of 33°N was over the 20-40 m depth contour
and therefore this north-south difference does not appear to be
an artifact.
As noted in Table 3.10, fou r values were excluded from
consideration because they were markedly higher than other values
listed for that portion of the coast. These represent extremely
dense patches of plankton not representative o f the entire area.
The c ause of these high densities is not apparent.
The mean plankton volumes from the T. N. GILL cruises of
1954 and those of St. John (1958) for transects off the North
Carolira coast are essentially the same indicating that over the
time span considered, plankton volumes were consistent.
The oxygen consumption in these waters by living biological
material is due primarily to organisms less than 366 µ (including
pnytoplankton and zooplankton). Pomeroy and ~ohannes (1966)
report that 94 to 99% of the total organismic respiration is
accounted for by this smaller plankton fraction. They also
indicated that respiration declines with distance offshore •
1 47
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Table 3.10.

Surface plankton volume - Gulf IA High Speed Sampler

X

Winter

range
n

Spring

range

Summer

range
n

Fall

range
n

*
+
x

X

X

X

Inner Shelf

Outer Shelf

0.141
0. 046-0'.306
14

0.431
0.092-0.795*
12

ND
ND

ND
ND

Slope
0.168
0.085-0.284
10

ND
ND

0.150
0.086-0.194
4

0 .301
0.090-0 . 741
37

0.096
0.029-0 . 212+
24

0.045
0.045
1

0 . 277
0.020-0 . 743
21

0 . 097
O. Ol6-0 . 537x
20

1 sample excluded from mean; 2. 1 23 ml/m 3
2 samples excluded from mean; 0.763 and 0.864 ml/m 3
1 sample included from mean; 2.663 ml/m 3
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The data were expressed in mg-at 0 2 /m 3/day. No correction was
made for biomass of the plankton wnich also in general declines
with distance offshore •
The presumed major role of zooplankton in nutrient regeneration was mentioned in chapte~ 1, Marine Chemistry.
3.4 .

General Summary

The zooplankton has not received adequate study in this
region, especially from the standpoint of its quantitative role
in the food chain and productivity. The applicability of
empirical models derived for the northeastern coast by Riley et
al. (1949) is difficult to assess . There are obvious differences
in plankton community structure, seasonal abundance, nutrient
conditions, etc., which suggest that the system in the southeastern United States may operate differently.
Certain features of the system seem clear from the available
data. There is no major seasonal change in zooplankton community
structure or abundance. The entire section of the coast is quite
uniform from north to south with regard to species occurrence.
In an onshore-offshore direction there is a general increase in
diversity but decrease in standing crop (expressed as numbers/
liter and ml plankton/liter) with several water masses discernible
based on species composition: coastal water (strong admixture
of estuarine water), shelf water, (possibly divisible into inner
and outer shelf), Gulf Stream, and Sargasso Sea.
3.5.

Gaps in Available Information
a.

The description of the zooplankton community is incomplete,
especially regarding the meroplankton

b.

Numerous estuaries have not been studied with regard to
zooplankton to verify_presumed similarity .

c.

The effects of various pollutants on zooplankton is
largely unknown.

d.

The environmental and trophic relationships have not been
·examined in detail within this geographic area •

e.

The depth distribution of the various species in the
plankton is known only in general terms (or by inference
from studies in other locales).

f.

Life histories for particular species are not well defined
for this geographic area (growth rates, reproductive rates,
generation times, mortality rates).
149
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CHAPTER 4
BIOLOGY OF BENTHIC FAUNA
by
Morris H. Roberts, Jr.

4.1.

Introduction

Inhabitants of the benthos may be examined from two basic
viewpoints, the synecological and the autecological. In the
synecological view, assemblages of organisms which form functional groupings are identified and treated as systems or, perhaps
better, as subsystems of the marine and estuarine environment.
Ultimately this approach should lead to consideration of energy
flow through the subsystem, material recycling pathways, and
import-export with adjacent subsystems, from which one could
evaluate the relative importance of various systems and their
components. At present this approach usually ends at recognition of species assemblages, their habitats, and an enumeration
of the species involved. Those species most conspicuous by
vir tue of size, abundance, and/or commercial importance often
receive detailed study. The synecological approach has value
in reducing the complexity of the subsystem to manageable terms
and in stressing functional pathways in the system.
The autecological viewpoint is species oriented, focusing
on the individual species which make up the subsystems. The
major subjects investigated are the life history of the species;
where it lives, why it lives there, how it lives, and how it
interacts with other specific species.
Each approach has limitations. In the synecological view,
there are problems in objective recognition of species
assemblages (habitat types or communities) and the geographical
boundaries of each assemblage. Since the latter exist in a
continuum of environmental conditions, they intergrade gradually
into one another to some degree. Many species may exist in
several assemblages at various times in their life cycle (representing one mechanism of import-export processes of nutrients,
energy or pollutants between . subsystems). Conceptualization in
synecology is facilitated by discrete communities; hence,
artificial boundaries must be selected if real discontinuities
do not exist.
The autecological approach is limited in that it does not
stress the complex functional interactions with other biological
entities in the system and the relative significance of energy
156

and material flows through the species compartment under study
relative to other species compartments in the system.
While the sets of questions asked in each approach are
different, they are complementary. In the present inventory,
both approaches are used to summarize the available information.
In the first sections, broad categories of faunal assemblages
described in the literature are discussed. Characteristic
species of each are identified and available synecological
information is discussed. In the final section, life history
summaries for many of the characteristic species are presented,
grouped by major taxonomic group.
A chronic difficulty in preparation of this summary has
been consistency of taxonomic designations in that individual
researchers, even when working at the same time in the same
place, have used different names. The names used herein have
been selected on the basis of the best information available
as to the correct nomenclature. When the designation is still
in doubt or subject to argument, a single name has been
selected to designate a given species. Space and the intended
use of these data do not permit a review of taxonomic problems.
4.2.
4.2.1.

Estuarine Benthos
Subtidal Areas

Estuaries can be broadly defined as semi-enclosed coastal
bodies of water with a free connection to the sea and within which
sea water is measurably diluted with fresh water (Pritchard 1967).
This definition is broad enough to include drowned-river valley
estuaries, bar-built estuaries, river mouths, sounds, and
embayments. The estuaries of the southeastern United States
have relatively low freshwater inflow. Despite the low flow
rates, they bear a relatively high sediment load, having traversed a large area of readily erodible substrate (Milliman et
al. 1972). This sediment load is deposited in the sounds and
behind the barrier islands, producing generally muddy bottoms.
Detritus contributed from salt marshes bordering the estuaries
provides organic matter to this mud.
The heavy sediment and detritus load of the estuarine water
reduces the transparency of the water which in turn restricts
phytoplankton production, as noted in a previous chapter. The
food chains in the estuaries are therefore often based on
detritus, rather than plankton grazing.
Within the estuaries, the mixing of fresh and sea water
leads to production of a salinity gradient which, under the
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influence of the tide, moves upstream-downstream twice per day.
The species which inhabit the estuary are those which tolerate
reduced salinities and sometimes major diurnal variation.
Different species assemblages develop as a function of the degree
of halotolerance of various species.
The basic subtidal habitat of the estuaries consists of mud
and sandy bottom areas, with species assemblages which can be
subdivided according to salinity conditions. Using the Venice
classification s stem, one can ' identify oligohaline (O.s-s0 /oo),
mesohaline (5-18 /oo), and polyhaline (18-30°/oo) assemblages.
The extent and substructure of these assemblages in specific
estuaries in the study area have not been studied and reported,
with the exception of Pamlico River (Tenore 1972) and Bogue
Sound (Brett 1963).

6

Oxygen concentration may also have a significant effect on
benthic population distributions. Tenore (1972) found a late
summer-early fall stratification in the Pamlico River leading to
severely depressed oxygen levels in deep water (<0.5 ml/1). This
led to mass mortalities of fish and probably benthic invertebrates.
The benthic assemblages are not functionally dissociated from
the planktonic and nektonic assemblages. Food is deriv ed from
plankton and detritus remov ed from the water column. The benthic
species in turn serve as food for migratory assemblages of fish
which utilize the various portions of the estuary as 11 nursery
grounds. 11
It was convenient in several other chapters to treat the
coastal zone in three subzones because of basic differences
between these three areas. This is not practical in the present
chapter because available information for many specific estuaries
is inadequate to warrant separate detailed treatment. Differences
in the coastal zone described elsewhere in this volume certainly
affect the geographic location and extent of v arious habitats,
but there are no data to indicate changes in the types of habitats
encountered.
(Specific differences between a giv en habitat type
in North Carolina v ersus Georgia are expected, but cannot now be
described.) Therefore, habitat types and faunal assemblages
are the major organizational framework .
Faunal assemblages a r e increas ingly examined and des cri bed
i n t erms of diversit y , speci e s richnes s , and o t her paramet ers
based on inf ormat ion t heory ( s ee Pielou (1966) for met hodology) ,
t hu s r educ i ng t he compl e xity of commu n ity s truc ture t o simpl e
quantit a t ive expressions .
I t has been recognized for some t ime
t hat wit hin an e stuary , divers i t y decreases as one progresses
upstream; i . e ., t he number of species in t he assemblage decreases .
Boesch (1972) found little or no decline of diversit y in t he
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polyhaline zone, but a precipitous decline at the polyhaline
zone limit to a minimum in the oligohaline zone. Variations
within this gradient were explained by predominance of one or
a few species in local areas, which may be a transient condition. Sanders {1968) and others have indicated that within
a given area, sandy bottoms have a higher diversity than muddy
bottoms. Boesch {1972) demonstrated that diversity was more
closely related to species richness {number of species) than
equitability {distribution of organisms among the species).
The latter factor is more important in explaining differences
in diversity within a habitat type.
While comparable studies have yet to be reported for
estuaries within the study area, the same general principles are
expected to hold since the same environmental factors are operating here.
Complete lists of the benthic fauna in such habitat would
serve no useful purpose in the present context. Ideally i t
would be desirable perhaps to describe estuarine benthic habitats
in terms of the dominant species {those species comprising the
majority of the total fauna and/or most responsible for energy
and material flows in the habitats). The limited number of
studies with adequate data to identify dominant species precludes
rigorous adherence to this approach. The species lists included
with the habitat descriptions are instead lists of common or
characteristic species of the habitats, many of which probably

are dominant species,
4.2.1.1.

Oligohaline Zone

Copeland and Horton {1969) stressed the extreme short-term
variation in salinity in the oligohaline zones of estuaries as
a function of sudden fluctuations in fresh water flow, which
lead to low species diversity. To survive in this habitat,
species must be euryhaline and tolerant of virtually fresh water.
To avoid removal from the area during periods of high river flow,
some species attach or bury in the sediment. While diversity is
low, productivity of some species may be relatively high.
The only estuary in the study area for which the oligohaline
zone has been described in the literature is the Pamlico River
{Tenore 1972). The faunal assemblage was labeled a Rangia
auneata-Ne~eis suaainea assemblage . Rangia had an average
density of 275/m 2 • Porter {1969) reported a maximum density for
Rangia of 300/m 2 in the nearby Neuse River. Tenore, Horton
and Duke {1968) showed that sand sediments were better for
Rangia with regard to mortality, condition-index and growth,
but Rangia also occurs in clay-silt sediments. They also
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demonstrated that Rangia, while a filter-feeder, has the capacity
to utilize detritus in the substrate as a source of nutrition.
Copeland and Horton (1969) emphasized the importance of
migratory species in the ecological functioning of the oligohaline
zone including both fishes (many commercial species) and some
invertebrates (notably CaZZineates s apidus and some penaeids).
The oligohaline zone serves as a "nursery ground" for these species
providing an abundant supply of. acceptable foods and protection
from predators.
Invertebrate species characteristic of the oligohaline · zone
in southeastern United States estuaries are listed in Table 4.1.
4.2.1.2.

Mesohaline Zone

This constitutes the medium salinity zone from 5 to 18°/oo.
The geographical limits of this zone are impossible to define
precisely because the location of the zone shifts within the
estuary, daily in response to the tidal cycle, and over longer
and irregular intervals in response to changes in precipitation,
river flow and evaporation.
Short-term changes in interstitial salinity are dampened t o
some degree (Emery et al. 1957; Pearse and Gunter 1957; Sanders
et al. 1965) thus reducing the effect of salinity variation on
some benthic species. In general, the species of this zone are
euryhaline or have behav ioral adaptations to pro tect themselves
against adverse salinity co nditio ns for extended periods.
The mesohaline portion of estuaries in South Carolina and
Georgia is relatively restricted in extent, occurring in narrow
channels bounded by salt marshes. The Cape Fear Ri ver, North
Carolina and the St. J ohns River, Florida have somewhat larger
mesohaline zones, but the Pamlico Sound mesohaline zone is
probably the largest throughout the study area.
The benthic assemblage should not be considered independent
of the plankton and nekton. Bellis (1969) pointed out that
planktonic organisms often constitute the dominant biomass of
the mid-estuarine ecosystem. In estuaries where this is so,
plankton forms the base of the food chain. However, as was first
suggested by Schelske and Odum (1961), phytoplankton is not the
dominant energy source in Georgia estuaries (Subzone II).
Instead, the major energy source is detritus from salt marshes
fringing the estuaries and exporting nearly 50% of their net
product ion t o t he remainder of the est uary (Teal 1 962) . I n the
estuaries of North Carolina, the proportional significance of
phytoplankton and detritus may be shifted somewhat in favor of
160
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Table 4.1.

Species characteristic of the oligohaline zone.

Annelida

Nereis succinea
Heteromastus filiformis
Scolecolepides viridis
Oligochaetes

Mollusca

Rangia cuneata
Macoma mitchelli

Arthropoda
Amphipoda

Gammarus daiberi
Lepidacty lus dy tiscus
Corophium lacustre
Leptocheirus plumulosus

Isopoda

Cy a thura po li ta

Decapoda

Callinectes sapidus
Rhithropanopeus harrisii
Palaemonetes pugio

Insecta

Larvae of several groups
including mosquitoes,
tendipedids, caddis flies,
etc.
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phytoplankton and detritus may be shifted somewhat in favor of
phytoplankton, but detritus is still a major energy source.
This shift is expected because the tidal amplitude is less,
which reduces the extent of flooded marsh where tidal action
can serve to flush dead and decaying material into the open
waters of the estuary.
·
..
The biota of rnesohaline waters is apparently quite similar
between the southeastern coast of the United States and midAtlantic, despite differences irt the geomorphometry of estuaries
and the dominant energy supply for food chains. The biogeographic
boundary at Cape Hatteras apparently has much greater signi~icance
for shelf benthos than for estuarine benthos in either the mesohaline or oligohaline zones. The abundance of given species
varies between estuaries as a function of the complex of factors
operating. Data on relative abundances of various species in
each estuary are not available for most estuaries, with the
major exception of the Pamlico River (Tenore 1972). Data are
available for selected species in several estuaries but not for
entire benthic assemblages. Marked seasonal variations occur
in the mesohaline community as shown by Tenore (1972) for the
Pamlico River.
Species characteristic of the mesohaline zone are listed in
Table 4.2. Tenore (1972) called the mesohaline faunal assemblage
a Maaoma baZthiaa-Heteromastus fiZiformis-Nereis suaainea association. Maaoma balthiaa reached maximum densities of 2189/m 2 ,
HapZosaoZopZos fragiZis, 238/m2 • However, seasonal variation
was large, with only 20/m2 at some times for both species.
Maximwn densities were not·reported for Heteromastus fiZiformisNereis auaainea or other members of this community. Porter
(1969) found a maximum density for Maaoma baZthiaa in the Neuse
River of l500/m 2 • MuZinia ZateraZis was also important with a
maximwn density of ca. 50/m2 • Bird (1971) recognized a Maaoma
baZthiaa community in the upper reaches of the Newport River
estuary.
4.2.1.3.

Polyhaline and Euhaline Zones

'1.:he l:,iO~yhaline zone is characterized b salinities ranging
from 18 to 30°/oo, the euhaline by 30 to 406/oo. In the present
context, the seaward boundary of this joint salinity zone is the
mouth of the estuary since nearshore fauna is treated separately.
Included are various sounds and embayrnents behind the barrier
islands characteristic of this coast, as well as the seaward
portions of rivers.
These areas are not subject to severe wave action. The
dominant environmental factors are the variable salinity conditions and the nature of the sediment.
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Table 4.2.

Species characteristic of the rnesohaline zone .

Cnidaria

•

Chrysaora quinquecirrha
Sertularia argentea

Polychaeta

•

Heteromastus filiformis
Haploscoloplos fragilis
Polydora ligni
Nereis succi.nea
Loimia medusa

Mollusca

Macoma balthica
Crassostrea virginica
Mya arenaria (N.C. only)
Nassari u s vibex

•

•·

•

Arthropoda
Isopoda

CyathuPa polita

Arnphipoda

Lepidactylus dytiscus
Parahaustorius longimerus
Leptocheirus plumulosus

Decapoda

Callinectes sapidus
Penaeus setiferus
P. aztecus
P. duorarum
Pinnotheres ostreum

Ascidiacea

Molgula manhattensis

Echinodermata

Leptosynapta inhaerens

•

•

•

•
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The diversity of species found in these higher salinity
portions of the estuary is quite high. Characteristic species
for these zones are listed in Table 4.3.
Tenore (1972) has identified the polyhaline fauna at the
mouth of the Pamlico River as a Macoma phenax-Mulinia ZateraZisGZycera dibranchi~ta association. The snail, Acteocina
canaliculata, was ' also common. This assemblage is more developed
in Pamlico Sound, the polyhaline zone barely impinging on the
river. The same molluscan species were dominant in the Neuse
River (Porter 1969).
In Bogue Sound, Brett (1963) recognized a series of
molluscan species aggregations correlated with small changes
in depth, sediment type, and salinity. These aggregations
differed in species proportions, b ut not in species composition.
This is a reflection of the specific habitat req uirements of a
s p ecies rather than a change in the general habitat of the area.
Data were not collected for any other benthic invertebrates.
Bird (1971) recognized an Abra- AZi gena assemblage in the
polyhaline portion of the Newport Riv er estuary. This was v ery
similar to the nearshore molluscan assemb lage outside Beaufort
Inlet.
It contains more offshore species than the community
found by Tenore (1972) at the mouth of the Pamlico Riv er
because of the proximity to the ocean; in c o ntrast, the Pamlico
River is separated from the o p en ocean b y the b road Pamlico
Sound. F urther study may reveal several subassemblag es in t h e
p olyhaline zone as a function of salinity, especially in estuaries
wh ere this zone is v ery extensiv e.
4.2.2.

Oyster reefs

Through out mu c h o f the study area ther e a re natural a n d
man-made o yster ree f s wi t h c ommercial s igni f i cance. Th ese r eefs
a re p redomina ntl y intertidal in high s a lin ity waters in t h e l o w
parts of estuaries (Wells and Gray 1960). The major commercial
oyster reefs are subtidal in lower salinity waters. Two major
factors which regulate subtidal distribution of oysters are
larval s~tting behavior as a function of hydrographic and
physical conditions, and the salinity tolerance of oyster
predators. Most predators are subtidal and have limited capabilities to penetrate the estuary (compared to Crassostrea
virginica). Hence the oyster is restricted to the intertidal
zone by the negative effects of predators in high salinity
waters (literature reviewed in Wells 1961; Wells and Gray 1960).
Oysters developing on hard substrates scattered over soft
bottoms will gradually convert the area into a firm substrate
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Table 4.3 .

Species characteristic of the poly- and euhaline
zones of estuaries.

Porifera

Cliona celata
MicI'ocio n a pI'olifeI'a

Cnidaria

Di adume ne l e ucol e n a
LeptogoI'gia viI'gulata

Annel ida

NeI'eis succinea
Sabella micI'ophthalma
Eunice I'UbI'a
HeteI'omastus filifoI'mis
DiopatI'a cupI'ea
Spiophanes bombyx
Pectinar-ia g ou ldii
Clymenella toI'quata
GlyceI'a dibI'anchiata

Mollusca
Gastropoda

NassaI'ius vibex
Olivella mutica
UI'osalpinx cineI'ea
Retusa canaliculata
Haminoea solitaI'ia

Pe l e cypoda

AbI'a aequalis
AI'qopecten iI'I'adians
Spisula I'avenelli
CI'assostI'ea ViI'ginica
Gemma gemma
Macoma phenax
Mulinia lateI'alis
Mya aI'enaI'ia

Arth ropoda.
Isopoda

Idotea metallica
SphaeI'oma quadI'identatum

Amphipoda

Ampelisca vadoI'um
PaI'ahaustoI'ius longimeI'us

Decapoda

Callinectes sapidus
ClibanaI'ius vittatus
PaguI'us longicaI'pus
Menippe meI'cenaI'ia
1 65

Table 4. 3. (Cont'd.)

Echinodermata

Asterias forbesi
Arbacia punctulata
Mellita quinquiesperforata

'.

Hemichordata

Saccoglossus kowalewskii
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of shells as numbers accumulate (Galtsoff 1964), at least in
areas where deposition of soft sediments is not actively occurring.
Man aids .self-formation for commercial oyster production by providing dead shell (cultch) at a faster rate than the natural
oyster population can achieve.
Wells (1961) has discussed the faunal community associated
with oyster reefs.
He identified 303 species in 12 phyla from
oyster reefs in the ~ewport Rivers estuary near Beaufort, North
Carolina. The species can be separated into five categories:
those using the oyster shell as a substrate, those living in the
sediment collecting in the interstices formed by the epifauna,
those inhabiting sediment underlying or adjacent to the reef,
those preying on oysters and associated species, and those
commensal or parasitic on the oyster and its associates. This
faunal assemblage contains many members which occupy any hard
substrate and are not obligate associates of oysters. The
community structure varies somewhat as a function of salinity
but the euryhalinity of many species tends to stabilize the
list of abundant or dominant species. Virtually all species
range throughout the geographic area considered here. Some
common representative species are listed in Table 4.4.
In addition to direct commercial importance, the oyster
reef community is important as a food source for fish and
_,
crustaceans. These reefs serve to concentrate by filtration
the potential energy produced throughout the estuary and hence
provide a greater abundance of food than many adjacent habitats~
Reefs are also a major factor in altering sedimentation patterns
(Emery et al. 1957).
Spinner (1969) estimated the number of acres of commercial
oyster grounds along the Atlantic coast on a state-by-state basis.
The estimates for the states in the study area are given in
Table 4.5. North Carolina has more acres of oyster beds than
all other states in the region combined. This reflects at least
two features of the environment. North Carolina has extensive
shallow water areas behind the barrier islands which are suitable
for oysters, whereas the estuaries of South Carolina and Georgia
do not have extensive shoal areas. Secondly, the waters of
North Carolina are less turbid than those of Georgia. High
turbidity is disadvantageous to oysters, reducing feeding rates
(Loosanoff and Tommers 1948) and adversely affecting larval
development (Loosanoff 1962) .
4.2.3.

Sea grass bed assemblages

The extent of sea grass beds in the study area and the vegetation involved will be discussed in a subsequent chapter on
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Table 4.4.

Species characteristic of° oyster reefs in the
southeastern Unitee States (largely from Wells
1961).

Protozoa

Poreoponides lateralis

Porife ra

Cli ona ce lata
Microciona prolifera

Cnidaria

Diadumene leuc o Zena
Aiptasiomorpha luciae
Aiptasia pallida
Leptogorgia virgulata
Obelia sp.

Rhy nchocoe la

Amphiporus ochraceus

Platyhelminthes

StyZochus ellipticus

Annelida

Nereis succinea
Nereis occidentalis
Polydora websteri
Eupomatus dianthus
Sabellaria vulgaris
Nereiphylla fragilis
Sabella microphthalma
Capitella capitata
Marphysa sanguinea
Haplosyllis spongicola

Mollusca
Gastropoda

Odostomia impressa
0. dianthophila
Urosalpinx cinerea
Mitrella lunata
Crepidula fornicata
Thais floridana

Pe l ecypod a

Crassostrea virginica
Brachidontes exustus
Ostrea equestris
Lithophaga bisulcata

Arthropoda
Amphipoda

Caprella acutifrons
Corophium (cylindricum?)
Gammarus mucronatus
Melita nitida
M. appendiculata
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Tab l e 4. 4 .

(Cont ' d . )

I sopoda

Sphaeroma quadridentatum

Cirripedia

Balanus amphitrite
B. ebur neus
B. improvisus

Decapoda

Eurypanopeus depressus
Panopeus herbstii
Neopanope sayi
Pinnotheres ostreum
Clibanarius vittatus
Alpheus heterochaelis
Synalpheus townsendi

Bryozoa

Electra crustulenta
Schizoporella unicornis
Bugula neritina
Membranipora tenuis

Echinodermata

Arbacia punctulata
Aste rias forbesi

Tunicata

Molgula manhattensis
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Table 4.5 .

Number of acres of oyster beds in each state of
studi ·area {estimated by Spinner 1969) .

State

Acreage

North Carolina

200,000

South Carolina

20,000

Georgia

15,000

Florida {east coast)

15,000
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coastal vegetation. Briefly, in the northern portion of the
study area eelgrass (Zostera marina) and shoal grass (HaZoduZe
beaudetei occur in the poly- and mesohaline portions of
estuaries. No comparable angiosperm is found on the coasts
of South Carolina, Georgia or Florida north of Cape Canaveral.
(South of Cape Canaveral, turtle grass, ThaZassia testudina,
and manatee grass, Syringodium occur).
In the oligohaline
portion of the estuary submerged grass beds occur throughout
the study area, usually dominated by widgeon grass (Ruppia
maritima) and pond weeds (Potamogeton spp.). The acreage of
grass beds has not been determined within the study area and
the locatton of beds is not well documented in the literature.
Modern interest in wetlands and study programs initiated by
several states in the study area, while aimed mainly at the
intertidal salt marshes, may produce some documentation of sea
grass beds. Such data are not available at present.
Phillips (1969) has pointed up the importance of Zostera
marina beds in the north temperate region. These beds provide
substrate and shelter for a rich and varied biota, including
some species found nearly exclusively in sea grass beds (Marsh
1970). Characteristic species are listed in Table 4.6.
The grass beds are important to several species of pelecypods
of commercial significance. Argopecten irradians, the bay
scallop, utilize eelgrass for attachment by byssal threads upon
metamorphosis from the larval stage (Gutsell 1930). Crabs and
shrimp find food and protection in grass beds.

4.2.4.

Worm and Clam Flats

Soft intertidal or just subtidal substrates lacking vegetation and found in relatively sheltered waters along the midAtlantic and southeastern states provide a habitat for invertebrate infauna. Such communities are generally subjected to
pronounced gradients of environmental conditions including
salinity, temperature, tidal influence and substrate type
(Gray 1969). Salinities depend not only upon tidal state, but
also on varying amounts of rainfall and groundwater seepage.
Similarly, a wide annual range of temperature occurs in the
shallow waters of this coast. Thus, permanent residents of most
such flats are eurythermal and euryhaline. Gray noted that the
tide governs water exchange and . determines the extent and time
that a flat may be exposed, if intertidal. Current strength
influences the type of sediment present and the character of
the substrate is a determining factor in the types of animals
inhabiting it.
The fauna of these flats includes species burrowing into
the sediments (infauna), species attached to the scarce solid
171

Table 4.6.

Species characteristic of sea grass beds.

Haliclona palmata

Porifera
Cnidaria
Hydrozoa

Pennaria tiarella
Turbularia crocea
Ceriantheopsis americana

Anthozoa
Rhynchocoela

Cerebratulus lacteus

Bryozoa

Bugula neritina

Gastropoda

Bittium alternatum
Crepidula convexa
Haminoea solitaria
Nassarius obsoletus

Pelecypoda

Aequipecten irradians
Solemya velum
Tellina agilis
Anomia simplex
Mya arenaria (N.C. only)

Polychaeta

Amphitrite ornata
Diopatra cuprea
Hydroides dianthus
Nereis succinea
Sabella microphthalma

Cirrepedia

Balanus amphitrite

Isopoda

Cyathura burbancki
Cyathura polita
Erichsonella filiformis
Paracerceis caudata
Idotea balthica

Amphipoda

Caprella penantis
Gammarus mucronatus
Corophium sp.

Decapoda

Ampithoe longimana
Cymadusa compta
Lysianopsis alba
Ampelisca spp.
Alpheus heterochaelis
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Table 4.6.

(Cont'd . )
Callinectes sapidus
Hippolyte pleuracantha
Palaemonetes vulgaris
P. pugio
Penaeus (three species)
Periclimenes longicaudatus
Toxuema carolinese

Echinodermata

Lytechinus variegatus
Thy one bri are us

173

substrates {driftwood, shell, etc.), species crawling over the
substrate and various commensal species. Most species are
detritus feeders, but filter feeders and scavengers are also
common. In the list of common species in this habitat {Table
4.7) an attempt is made to differentiate between species which
prefer muddy versus sandy substrates~
The data of Sanders et al. {1962) may be cited as an
example of the density of animal life in a worm and clam flat.
They found from 7,000 to 355,000 benthic animals per square
meter in samples from intertidal flats at Barnstable Harbor,
Massachusetts.
According to Gray {1969) recovery from natural disasters
such as hurricanes is generally rapid, with full recovery
usually being achieved in a year or two if the substrate
itself has not been seriously and permanently damaged.
Repopulation occurs through transport of larvae brought in by
the tide. More permanent damage may be wrought by filling,
sewage and industrial waste disposal, and from runoff bearing
pesticides.
Spinner {1969) estimated that there are 100,000 acres of
worm and clam flats in North Carolina, and 2,000 in South
Carolina. No estimate was given for Georgia or Florida.
4.2.5.

Hard Substrates

There are no large natural outcroppings of rock or other
hard substrates along this portion of the Atlantic coast such
as one finds on the New England coast. However there are
isolated rocks or shell beds and man-made hard substrates such
as rock jetties, pilings, sea walls, wooden groins, etc., which
develop a characteristic fauna of sessile species that also
occur on oyster reefs. Various free-living and commensal species
{Table 4.8) find suitable conditions for their existence as well.
This community includes grazing herbivores, filter-feeders,
detritus feeders, scavengers, and predators. While the food
habits for some common species are reasonably well documented,
the trophic position of others and the patterns of predation are
only partially known, precluding construction of a food web
adequately representing energy and material flows through the
assemblage.
Faunal zonation is an obvious feature of intertidal hard
substrates. This zonation is a function of the degree of
exposure to air with the many parameters this implies, including
temperature extremes, dessication, wave action, etc. The
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Table 4.7.

Species characteristic of worm and clam flats.

Mud
Porifera

·ctiona cetata
Microciona protifera

X
X

Cnidaria

Hydractinia echi n ata
Aiptasia pattida
Ceriantheopsis amer~canus

X
X
X

Rhynchocoela

Cerebratutus la cteus

X

Annelida

Amphitrite ornata
Chaetopterus variopedatus
Ctymenetta torquata
Diopatra cuprea
Gtycera dibranchiata
Lepidametria commensatis
Loimia viridis
Scotetepis graaitis
Spiochaetopterus ocutatus
Heteromastus fitiformis
Spiophanes bombyx

X
X
X
X
X
X

Mollusca
Gastropoda

Pe l ecypoda

CrepiduZa fornicata
Nassarius obsotetus
N. vibex
Busycon canaticutatum
B. car~ca
Oliva sayana
Otivetta mutica
Potynices dupticata
Urosatpinx cinerea
Anadara transversa
Brachidontes exustus
Crassostrea virginica
Dosinia discus
Ensis directus
Gemma gemma
MercenaPia mercenar~s
M. campechiensis
Mya arenaria (N . C . only)
Tage tus divi sus
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Sand

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X
X
X
X
X
X

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Table 4.7.

(Cont'd.)
Mud

Arthropoda
Mero stomata

Sand

Limulus polyphemus

X

Cirripedia

Balanu s amphitrite
B. eburneus

X
X

Decapoda

Callianassa maJor
Callinectes sapidus
Clibanarius viitatus
Dissodactylus mellitae
Eurypanopeus depressus
Neopanope say i
Menippe mercenaria
Pagurus longicarpus
P. poi licaris
Pinnixa chaetopterana
Polyonyx gibbesi
Euceramus praelongus
Upogebia affinis
Uca pugilator

X
X
X

Edotea triloba
Cyathura poli ta

X

Isopoda

X
X
X

X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X

Bryozoa

Alcyonidium hauffi

Echinodermata

Leptosynapta inhaerens
Asterias forbes
Mellita quinquiesperforata

X

X
X
X

Hemichordata

Balanoglossus auranticus
Saccoglossus kowalewskii

X
X

X
X

Tunicata

Molgula manhattensis

X

X
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Table 4.8.

Species characteristic of hard substrates.

Por i fera

Haliclona permollis
Li s sodendoryx carolinensis
Microciona prolifera
Cliona ce la ta

Cnidaria

Bougainvillia rugosa
Turbellaria crocea
Anthopleura varioarmata
Diadumene leucolena
Aiptasia pallida
Bunodosoma cavernata

(Fla. )

Platyhelminthes

Stylochus ellipticus

Annelida

Sabella microphthalma
Sabellaria vulgaris
S. floridensis
Hydroides spp .
Polydora ligni
Nereis succinea
Eunice antennata
Lumbrineris inflata

Mollusca
Gastropoda

Urosalpinx cinerea
Thais floridana
Littori n a ziczac (Fla.)
Siphonaria pecti n ata (Fla.)

Pelec ypoda

Crassostrea virginica
Ostrea_equestris
Brachidontes exustus
Anomia simplex
Anachis avara

Arthropoda
Amphipoda

Corophium (cylindricum?)
Gammarus sp .

Isopoda

Ligia e x o tica
Sphaeroma quadridentata
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Table

4. 8.

(Cont'd.)

Cirripedia

Balanus amphitrite
B . ebu rneus
B . improv isus
Ch t h amalus fr a g ilis
Tet r aclita squamo s a (Fla.)

Decapoda

Eurypanopeus depressus
Panopeus herbstii
Neopanope sayi
Alpheus heterochaelis
Synalpheus townsendi
Menippe mercenaria
Po r cellan id s p e c ies ·

Bryozoa

Bugula neritina
Schizoporella unicornis

Echinodermata

Asterias forbesi
Arbacia punctulata

Tunicata

Molgula manhattensis
Styela plicata
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supralittoral fringe is dominated by the barnacle Chthamaiis
fragiiis and the isopod Ligia exotiaa. A zone dominated by
barnacles of the genus Baianus occurs in the upper intertidal
zone, grading into an assemblage of various sessile molluscs
in the lower intertidal and subtidal levels. Sponge masses
also develop subtidally. Many tubiculous polychaetes occupy
portions of the intertidal and subtidal levels. Within the
crevices between the ?ttached fauna occur errant polychaetes
and arnphipods. Stephenson and Stephenson (1952) in a classic
paper described several such communities from Cape Lookout,
North Carolina to St. Augustine, Florida with special reference
to zonation • . Zonation is simil~r throughout the region but some
species common in one area are absent in others which are outside of their geographic range. For example, the barnacle,
Tetraaiita squamosa, and the limpets, Littorina aiaaaa and
Siphonaria peatinata, occur in Florida and Georgia (Kraeuter
1973) but not further north. Littorina irrorata, the salt
marsh periwinkle, is accidental in this habitat. Seasonal
variations in the total assemblage are not documented in the
literature, although seasonal abundance data&reavailable for
some species. Unfortunately the work of Stephenson and
Stephenson (1952) was based on a limited set of samples from
a single season.
Most species in this assemblage have planktonic larvae
which allow them to invade new habitats rapidly. The specific
assemblage which will develop in a given location is a function
of salinity, temperature regime, degree of air exposure, and
nature of the substrate (wood, rock, concrete, etc.). Recruitment of specific species is related to the presence of a film
of bacteria and algae which prepares the substrate for attachment (Wood 1950) and the spawning season for each species, as
well as other factors mentioned above which relate to the
survival possibilities for a given substrate.
Kirtley and Tanner (1968) reported sabellariid reefs along
the coast of Florida. North of Cape Canaveral, these reefs
are formed by Sabeiiar i a vuigaris; south of the Cape, reefs are
formed by Phragmatopoma iapido s a . Gram (1968) showed that reefs
are sediment traps as well as concentrators of heavy minerals
(up to 10 times the concentration of adjacent sediments). No
descr i p tio n of t he faun a l a ssembl age was g i ven, b ut s everal
species listed as hard sub strate forms occur here, especially
Siphonaria peatinata.
4.3.

Continental Shelf

In the context of this survey, only the shallow water zone
to a depth of 200 m (100 fm) is considered. The shelf is
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defined by geologists on the basis of the slope of the bottom and
is taken to end at that depth at which a marked change in slope
occurs (see Volume 3, Chapter 1). Milliman et al. (1972) describe
the Hatteras-Florida slope as occurring at a depth of 10 m off
southern Florida, 60 m off much of the southeastern United States,
and 120 to 160 m from Cape Hatteras north. This is not the true
continental slope . but rather an ill-defined feature of the continental shelf. However the 200 m contour is a convenient unit
for the present discussion. No submarine canyons occur within
this area.
Of the many factors which can potentially regulate animal
distributions on this shelf, two are especially important: sediment conditions and temperature (the major biogeographic factor
of the oceanic milieu). These control the broad features of
faunal distributions. Other factors come into play in defining
the finer features of animal distribution, but little information
on these is available for this area. Therefore, the present
discussion will center on the broad features first, and then
consider some faunal assemblages of limited geographic area
which have been identified.
Milliman et al. (1972) recently described the sediments
along the Atlantic Coast of the United States in considerable
detail based on extensive sediment core collections. Within the
area considered here, the substrate consists predominantly of sand
of medium size (Figure 4.1) with local areas containing somewhat
larger particles. The sediments contain a significant calcareous
fraction composed predominantly of molluscan shell, barnacle
fragments, and coralline algae (Figure 4.2). Close to shore
calcareous content is less than 5% (as caco 3 ). From Cape Hatteras
south to the vicinity of the St. Johns River, offshore sediments
to approximately 200 m contain S to SO% calcareous material, and
beyond that depth, SO to 9S%. The zone of SO to 9S% calcareous
material occurs progressively inshore of the 200 m contour south
of the St. Johns River, finally impinging on the coast of Florida
near Vero Beach, somewhat south of Cape Canaveral. The noncalcareous fraction consists of a variety of mineral fractions discussed in Volume IV, Geological Oceanography.
!n summary, then, the coastal sediments consist of sand-shell ·
offshore, often with an admixture of silts and clays grading to
nearly pure sand as one nears the coast. Silty-sand occurs in
some nearshore areas surrounding the mouths of the major Piedmont
rivers which have low velocity but high sediment loads by virtue
of passage through readily erosible soils (Milliman et al. 1972).
The distribution of temperature is described in detail in
Volume I, Physical Oceanography, and will not be repeated here.
Two features of importance to understanding faunal distribution
in the shelf area, and to some extent shoreline and estuarine
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areas, are the sharp breaks in water temperature north and south
of both Cape Hatteras and Cape Canaveral, and the passage of the
Gulf Stream through the area.
Parr (1933) first recogniz.ed the discontinuity in temperature between waters north and south of Cape Hatteras. Bumpus and
Pierce (1955) provided further data on this discontinuity and
showed the relationship between this . discontinuity and the
distribution of chaetognaths (see Chapter 3, Zooplankton).
Hutchins (1947) and Hall (1964) discussed in general terms the
effect of this discontinuity on benthic organisms. CerameVivas and Gray (1966) stressed the existence of a discontinuity
during both summer and winter, although the location shifts
southward during the winter.
The temperature discontinuity at the southern boundary of
this region has been variously placed. Hutchins (1947) believed
the discontinuity developed off Palm Beach, Florida while other
authors (Hall 1964; Ekman 1953) placed it at Cape Canaveral.
It is generally agreed that this discontinuity is best developed
only during the summer months and occurs at Cape Canav eral
(Cerame-Vivas and Gray 1966). However, it has not received as
much detailed study as the northern discontinuity.
The water mass between these thermal boundaries was name d
Carolinian coastal water by Bumpus and Pierce (1955). Offshore
of this water mass is the Gulf Stream which is generally warmer
than the coastal water and exhibits less seasonal variation.
4.3.1.

Sand bottom fauna

Cerame-Viva s a nd Gra y (1966 ) described t h e relationship
between these water masses a n d benthic faunal distribution with
special attention to the Hatteras disc ontinuity. They sampled
the sand bottom fauna north and south of Cape Ha ttera s from
20 m to 200 m depths. Based on 211 species definitely identified
in their collections (not the entire collec tion), they recognized
three benthic assemb l ages , a Virginian fau na north of Cape
Hatt eras , a Carolinian fauna sout h of Cape Hatteras in nearshore wat ers, and a tropical or Caribbean fau na offshore (Figure
4 . 3) . The seasonal shift i n the locat ion of the boundaries
be t ween the zones is also represent ed diagrammatically . Table
4.9 lists the species on which the conclusions are based with
the zoogeographic areas from which each was collected. The
majority of these are motile species.
Day et al. (1971) studied the infauna at a series of ten
stations on a transect starting on the beach at Cape Lookout

183

A

a

/

'i
I

t

i

\:

../

Figure 4.3.

,.-

-· -·

Approximate boundaries between the Virginian
(VA), Carolinian (CAR), and tropical
(Caribbian) (TR) Provinces. A. Summer.
B. Winter. (after Cerame-Vivas and Gray
19 6 6) .

184

Table 4.9.

Species and areas in which collected.
Zoogeographic provinces corresponding to areas
V, C, T, are Virginian, Carolinian and Tropical
(from Cerame-Vivas and Gray 1966).
Species

Area Collected

PORIFERA

Cliona caribbaea
Trachygellius chinachyra

C
C

COELENTERATA

Hydrozoa
Aglaophenia flowersi
Hydractinia echinata

C
C

Anthozoa
Calliactis polypus
Leptogorgia virgulata
Leptogorgia setacea
Lophogorgia hebes
Oculina sp.
Renilla reniformis

C
C
C
C
C
C

Siderastrea radians
Telesto fruticulosa
Titanideum frauenfeldii
Balanophyllia floridana
Bathycyathus maculatus
Cladocora coespidosa
Corynactis parvula
Dasmosmilia lymani
Monomyces fragilis
Nidalia occidentalis
Paracyanthus defilipii
Sclerasis guadaloupensis

C

CT
CT

T
T
T
T
T
T
T
T
T

ANNELIDA

Polychaeta
Aphrodite aculeata
Chaetopterus variopedatus
Diopatra cuprea
Polyodontes lupina

185

vc
vc
vc

C

Table 4.9.

(Cont I d.)
Species

Area Collected

MOLLUSCA

Scaphopoda
De ntalium laqueatum

T

Gastropoda
Natica pusilla
Busycon carica
Oliva sayana
Polynices duplicatus
Sinum perspectivum
Busycon canaliculatum
Crepidula fornicata
Crepidula plana
Phalium granulatum
Terebra dislocata
Busycon contrarium
Distorsio clathrata
Distorsio constricta mcgintyi
Fasciolaria hunteria
Architectonica nobilis
Busycon spiratum
Conus granulatus
Cyphoma mcgintyi
Murex cabriti
Murex florifer
Murex hidalgoi
Murex pomum
Sinum maculatum
Trivia pediculus
Turitella exoleta
Pelecypo da
Asta~te borealis
Astarte castanea
Astar>te undata
Ensis directus
Lucina filosa
Pi tar morrhuana
Placopecten magellanicus
Solemya borealis
Thyasira trisinuata
Venericardia borealis
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V

vc

VCT
VCT
VCT

C
C
C
C
C

CT
CT
CT
CT

T
T
T
T
T
T
T
T
T

T

V
V

V

V
V

V

V
V
V
V

Tabl e

4. 9.

(Cont I d.)
Species

Area Collected

Yoldia Zimatula
Yoldia sapotilla
Aequipecten gibbus
Spisula raveneZZi
A nadara ova Zis
Atrina serrata
Dosinia discus
Echinochama cornuta
Glycymeris undata
Mercenaria mercenaria
Noetia ponderosa
Panope bitruncata
Plicatula gibbosa
Antigona rugatina
Dinocardium robustum
EucrassateZZa speciosa
Ostrea equestris
Antigona strigiZZina
CaZZista eucymata
Chione Zatilirata
Chama macerophyZZa
Modiolus americanus
Pecten raveneZZi

V
V

vc
vc
C

C
C

C

C
C

C

C
C

CT
CT
CT
CT

T
T
T
T
T
T

Cephalopoda
Octopus vulgaris
Octopus briareus

vc
C

ARTHROPODA

1-r:tphipoda
Aeginia Zongicornis
Leptocheirus pinguis
Pontogeneia inermis

V
V
V

Decar>oda
Ca Zappa flam ea
CaZZinectes sapidus
Cancer borea Zis
Cancer irroratus
Crangon septemspinosa
Munida irrasa
Pagurus Zongicarpus

vc
vc
vc
vc
vc
vc
vc
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Tab l e 4. 9.

(Cont'd.)
Species

Area Collected

(Decapoda)
Pagurus pollicaris
Sicyonia brevirostris
Ovalipes guadulpensis
Ovalipes ocellatus
Albunea gibbesi
Callinectes ornatus
Ebalia cariosa
Leptodius agassizii
Nibilia antilocapra
Parthenope pourtalesii
Pagurus annulipes
Pagurus brevidactylus
Pelia mutica
Pilumnus sayi
Pinnotheres mdculatus
Platylambrus serratus
Porcellana sayana
Podochela gracillipes
Portunus spinimanus
Hepatus epheliticus
Hcxapanopeus angustifrons
Libinia dubia
Libinia emarginata
Micropanope nuttingi
Mi thrax forceps
Mithrax pleuracanthus
Myropsis quinquiespinosa
Parthenope agona
Persephone punctata
Petrochirus diogenes
Petrolisthes galathinus
Pilumnus dasypodus
Podochela riisei
Portunus gibbesii
Rani Zia muricata
Speloeophorus nodosus
Stenorynchus seticornis
Synalpheus Zongicarpus
Synalpheus townsendi
Calappa angusta
Ca Zappa su Zea ta
Cestopagurus Zineatus
Dardanus insignis
Dardanus venosus
Eu~hirograpus americanus
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vc
vc

VCT
VCT

C
C
C

C
C
C
C
C

C
C

C
C
C

C

C

CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT

T
T
T'
T
T

T

Table 4. 9 .

(Cont ' d.)
Species

Area Collected

(Decapoda)

Galathea rostrata
Hippolysmata ·wurdemanii
Hymenopenaeus tropicalis
Iliacantha subglobosa
Lophopanopeus distinctus
Micropanope sculptipes
Micropanope xanthiformis
Pachycheles rugimanus
Paguristes anomalus
Paguristes moore~
Paguristes sericeus
Paguristes triangulatus
Pagurus impressus
Pagurus defensus
Parthenope fraterculus
Portunus spinicarpus
Pylopagurus corallinus
Pylopagurus discoidalis
Pylopagurus holthuisi
Sicyonia stimpsoni
Solenocera atlantidis
Stenocionops spinimana
Symethis variolosa

Cirripedia

Balanus calidus
Scalpellum diceratum
Scalpellum gibbum

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

PYCNOGONIDA

Anoplodactylus lentus
Anoplodactylus insignis

vc

CT

ECHINODERMATA
Ophiuroid ea

vc

Amphioplus adbitus
Amphipholis squamata
Asteroporpa annulata
Astrocyclus caecilia

vc

T
T
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Table 4.9.

(Cont'd.)
Species

Area Collected

Asteroidea
Asterias tanneri
Asterias tenera
Coronaster briareus
Henricia so.nguinolenta
Odontaster hispidus
Peltaster planus
Poraniomorpha insignis
Asterias forbesi
Astropecten americanus
Luidia clathrata
Astropecten articulatus
Astropecten duplicatus
Coscinasterias tenuispina
Luidia alternata
Echinaster spinulosus
Echinaster brasiliensis
Echinaster sentus
Goniaster americanus
Mediaster sp.
Stephanasterias gracilis

V

V
V
V
V
V

V

vc
vc

VCT
C
C

C
C

CT

T
T
T
T
T

Echinoidea
Strongylocentrotus drobachiensis
Echinarachnius parma
Mellita quinquiesperforata
Schizaster orbignyanus
Eucidaris tribuloides
Encope emarginata
Arbacia punctulata
Moira a tropos
Brissopsis atlantica
Brissopsis lyrifera
Cidaris rugosa
Coelopleurus floridanus
Echinalampas depressa
Plagiobrissus grandis

T
T
T
T
T
T

Holothuroidea
Thione briareus
Psolus fabricii

C
T
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V

vc

VCT
VCT

C
C

CT
CT

Lighthouse and extending across the shelf at a bearing of 115°
to the 200 m contour. These stations were sampled four times
during the course of about one year. This transect was selected
in such a way as to sample a uniform bottom gradient from the
coarse sand of the intertidal beach to the sand-silt substrates
(the intertidal station, station 1, will be discussed later).
(The reason for this careful selection of the transect was to
collect a set of data.whereby, in addition to obtaining data on
the nature of the faunal communities, it would be possible to
evaluate several statistical approaches to treating benthic
distributional data. The statistical portions of this paper
will not be considered further.) A total of 619 species was
identified, but only 166 species which occurred with total
abundance >10 are listed in their paper.
Day et a l. (1 97 1) identified three subtidal sand bottom
assemblages or zones from their data . From the surf zone to a
depth of 20 m (Stations 2-5) is the turbulent zone, an a rea
affected by wave action as indicated by rippling of the substrate.
The most abundant species (>50 specimens/sample at one or more
stations) are listed in Table 4.10 with the number observed at
each station. The mos t characteristic species include the sand
dollar MeZZita quinquiesperforata with its commensal crab
Dissodaatylus meZZitae , the archiannelid Polygordius (new species),
the polychaete Maaroalymene zonalis, the surf clam Spisula
raveneli , and the gastropod OZiveZZa mutiaa. Day et al. claimed
that these species are all detritus feeders (including suspended
detritus). This claim is debatable. Several infaunal species
not included in the list of common species by Day et al. (1971)
but included in the species list of Cerame-Vivas and Gray (1966)
are clearly carnivorous. Thus this zone is characterized by
a community based on detritus feeders, a few filter feeders
(Spisula and Branahiostoma) and a sparse population of benthic
carnivores.
The outer continental shelf from 40 to 120 m (Station 6-8)
cons~itutes the second faunal zone. This zone is below the
general effect of wave action, the dominant water movement
resulting from the Gulf Stream. The most abundant species are
listed in Table 4.11, with several species which occurred with
lesser abundance but are characteristic of this zone. Polychaetes
ure !:he major taxonomic group represented, accounting for over
half the total fauna.
The final zone was the upper continental slope from 160
to 205 m. The substrate is fine sand with considerable organic
matter and dea<l shells, mainly from pteropods. The predominant
species are listed in Table 4.12. This zone is also dominated
to a large degree by polychaetes.
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Table 4.10.

Characteristic species of the turbulent zone off
North Carolina (from Day et al. 1971).

2
3

Depth (m)

Archiannelida

Po lygordiu s sp.

3

Polychaeta

• Amphipoda

Platyi s c hnopu s n. sp.
Mae ra sp . 1

Decapoda

DissodactyZus meZZitae

Pelecypoda

Spisula raveneli

Gastropoda

Olivella adelae
0. mu tica

Echinodermata

Mellita quinquiesperforata

5

20

9

290

80

1

41
59
42
29
36
46
115

74

1

9

16
67

182

11

42

27
1

33

48

4

16

22

31

8

31

15
44

41

16
16

12

903

300

1 32

9

3

41

26

Cephalochordata

Branchiostoma caribaeum

- - -- - -

4
10

No. per station

Species

Palaenotus heteroseta
Pseudeurythoe ambigua
E::r:ogone dispar
Goniadides s p .
Magelona papillicornis
Ophelia denticulata
Macroclymene zonalis

Station
3
5

192

1
1

6

16
425

190

Table 4.11.

•

•

Characteristic species of the outer continental shelf
off North Carolina (Day et al. 1971) .

6

Depth (m)

39

Species

Station
7

80

8

124

No. per station

Sipunculida
Phascolion strombi
Aspidosiphon misakiensis
Polychaeta
Onuphis nebulosa
Chaetozone setosa
Owenia fusiformis
Ampharete acutifrons
Amphicteis gunneri
Chone americana

10
25

5
2

8

5

2
12
10

99
2
16
17

32
296
29

1

62

5

Amphipoda
Paraphoxus sp. 1
Siphonoecetes maculicornis
Unciola irrorata

4

36

Decapoda
Pagurus brevidactylus
Portunus spinicarpus

9

8

11
20
13

175

Mycidacea
Promysis atlantica

2

44
59

1

5

12

5

Scaphopoda
Cadulus carolinensis
Dentalium eboreum

56
4

5

6

Brachjopoda
Glot~~dia pyramidalis

21

2

2

Echinodermata
· Encope emarginata

65

Total No. Species> 10/sample

79

77

90

193

6

5

Table 4.12.

Characteristic species of the upper continental slope
off North Carolina.
Station

9
160

Depth (m)

10
205

No. per station

Species
Sipunculida
PhascoZion strombi

12

16

20
20
132
27
28
241
57
4
10
4

32
42
78
18
107
37
50
32

18
9

7
17

Amphipoda
Para p hoxus
Si p ho n o ce t es macuZic orni s
Unci o Za irr ora t a

30
39
78

12
37
109

Scaphopoda
CaduZ u s agas s izi
DentaZeum sowerbii

29
30

31
39

6
19
28
150

76
74
9
84

8
7
12

26
8
18

Polychaeta
Nephtys squamosa
Lumbrineris aZbidentata
L . cruzensis
L . fragiZis
ScoZaricia capensis
Chaetozone setosa
Notomastus Zatericeus
Owenia fusiformis
Laetmonice fiZicornis
StheneZais an o cuZa
HyaZinoecia tubicoZa
Prionospio steenstrupi
Tharyx annu Zosus

?

Pe l e c ypoda
LedeZ Za
Thayasira obsoZetus
Leda acuta
NucuZa deZphinodonta
Gastropoda
DriZlia miamia
Astyris· pura
Microgasa roteZZi

1 94

.3

9

?

Many species characteristic of a given zone also occur in
other zones with lesser abundance. This feature of distribution
is not stressed in the tables presented here but should be
recognized. This implies that the boundaries between these faunal
assemblages are extremely ill-defined.
Day et al. (1971) calculated the species diversity for each
station by the rarefaction method of Sanders (1968). Diversity
increased from Station 1 (intertidal) to a maximum at Station 5
(20 m).
It then decreased to Station 9 and 10 which had virtually
identical diversity. The high diversity at Station 5 may in part
derive from inclusion of some species from other communities
(large sponge masses or coral rocks) but this effect was considered negligible by the authors.
Day et al. (1971) were not able to distinguish Carolinian
and Caribbean faunal provinces as reported by Cerarne-Vivas and
Gray (1966). This probably reflects the fact that they considered only infauna species, whereas Cerame-Vivas and Gray
(1966) considered many motile species.
Bird (1970) studied the molluscan fauna off Beaufort Inlet,
North Carolina. He recognized a TeZZina aZternata community
which included SpisuZa raveneZi, Lucina muZtiZineata, Acteocina
canaZicuZata, CrepiduZa convexa and OZiveZZa mutica as dominant
species. Subdominant species included Ensis directus, Dosinia
discus, Abra aequaZis, Anadara transversa, NucuZa proxima and
NucuZana acuta.
(Some taxonomic designations are questionable.)
Unfortunately no non-molluscan taxa in the assemblage are mentioned. Most of these species are abundant in the turbulent
zone fauna reported by Day et al. (1971). Bird (1970) remarked
on the existence in this community of subassernblages only
weakly differentiated in his data. These subassemblages are
based on qualitative and quantitative differences in the species
obtained in samples from adjacent sites. A second assemblage
characterized as an Abra aequaZis-AZigena eZevata community
develops near the Inlet and extends up the Newport River estuary
(see previous section). This community includes many species
of the TeZZina community, plus MuZinia ZateraZis and Gemma gemma .
No quantitative analyses of the benthos in the coastal
waters cf South Car.olina have been published. Many of the same
species are known to occur in this region and are cited in
papers de a ling with autecology of these species, fisheries, and
faunal lists, but community assemblages and structure cannot be
derived fiom this data base.
Similar communities are to be
expected.
An intensive analysis of community structure . and function
at a single station off Sapelo Island, Ga. (31°23'23"N, 81°13'45"
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w, 7 m depth) has been made by Smith (1971, 1973). This
station is located in the depth range of the turbulent zone
of Day et al .
(1971) but is subject to considerably less
turbulence from storms. A total of 103 species in 10 phyla
were collected in the course of one _year. The fauna was
dominated by polychaetes (36 spp.) followed by molluscs (31
spp.) and crustaceans (21 spp . ). The numerically dominant
species were Notomastus sp. 1, Spiophanes bombyx, Abra
aequalis, Tellina texana, Oxyurostylis smithi, Callianassa
n. sp., and Pinnixa ahaetopterana (commensal with Callianassa).
The numerical dominance of Callianassa (up to 451/m 2 ) and
Pinnixa (up to 741/m 2 ) has not been reported previously from
this coast, but this may reflect the inadequacy of collecting
gear used for capturing those crustaceans in other studies.
The abundance of the total fauna varied seasonally from 2000/m 2
during the summer and fall, increasing during January to a
sharp peak of 14,000/m 2 in March and declining to summer levels
by June. Seasonal changes in the ranking of numerical dominants
was reported.
In terms of biomass, some differences in dominance were
observed. Small species, though numerically dominant, did not
rank as high in terms of biomass, while rare species of large
size, mostly carnivores, became more important. Molluscs
dominated the biomass from January to June, followed closely
by polychaetes. Echinoderms (main l y Hemip holis elo n gata , Miaro p ho lis at r a and Mellita q u i n q u iesperfo ra t a ) -dominated from June
to December .
To t a l c ommun ity resp iration ranged f rom 5 3 . 7 to 92 . 7 ml

o2 ; m2 / hr (annual oxyge n consump tion wa s estima t e d at 676.6 1

02 / m2 ) . The c ontrib ution o f the ma crof auna resp iration rang e d
f rom 5 to 26% of the tota l (b a sed on the s um of ind ividual
mea surements f o r each spec ies in the commun ity ) . An nual
macrofaunal respiration equaled 82 1 0 i / m2 which is e q u ivalent
to 397 k c al/ m2 /y r . Bacterial respiration acco unted for 30 to
60% of the t o tal c ommun ity respiration . By difference, meiomicrofauna a n d microflora were estimated to b e resp o n sib le f or
25 to 58% o f total c ommunity respiration. To tal commu nity
r espir~ti on and bacterial respiration were closely correlated
with temperature, and dissolved oxygen concentration but
r e s p ira tion of the other components of the total community were
not .
The species were ranked by their contribution to total
community respiration. The first five species for each season
are listed in Table 4.13 .
In general, these species also ranked
high in numerical abundance and/or biomass for the same season .
The exceptions to this general rule and the lack of exact correspondence in ranking by the three approaches point out the
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Table 4 . 13.

Functionally dominant species based on
respiration by season of a sand bottom
community off Sapelo Island, Georgia
(from smith 1971, 1973).

Summer

Notomastu s sp. 1
Mellita quinquiesperforata
Glyeera dibranehiata
Ha liaetus n . sp .
Nephtys pieta
Fall

Callianassa n. sp.
Pinnixa ehaetopterana
Abra aequalis
Mieropholis atra
Magelona sp. 1
Wi n t e r

Abra aequalis
Notomastus sp. 1
Callianassa n. sp.
Mieropholis atra
Pinnixa ehaetopterana
Spring

Abra aequalis
Sabellides oeulata
Soien viridis
Mieropholis atra
Tellina texana
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potential danger of equating numerical or biomass dominance
with functional studies {energy and material flow) are, they
are paramount to a complete understanding of communities and
ultimate evaluation of the effect of mans' activities on these
communities.
~rjes {1972) studied the benthic invertebrates found at a
series of stations on these transects perpendicular to the
shore of Sapelo Island, Georgia. The first station of each
transect was located on the beach and the outermost at a depth
of about 14 m and a distance of 15 km from shore. He reported
268 species of invertebrates from his samples. It should be
noted that the species listed have not been verified and several
may be in error {John Kraeuter, personal communication).
Excluding the communities recognized in the supra- and intertidal
zone, ~rjes recognized two communities, an upper offshore and
a lower offshore community. Diagnostic species for such are
listed in Table 4.14.
Leiper {1973) sampled three stations off Sapelo Island
monthly throughout a one-year period {only samples for January,
February, April, June, August, September and November were
analyzed). He found 322 species in 21 phyla. Virtually all
of his identifications were verified by qualified taxonomists.
Table 4.15 lists the dominant and abundant species found in his
study. Dominant species were defined arbitrarily as those most
abundant whose cumulative numbers total 50% or more of the total
individuals at a station at a given sam~ling time. Abundant
species are those with densities >100/m which were not included
in the arbitrary list of dominant-species.
The three stations varied in depth and distance from
shore. All were located on sandy bottoms with low clay/silt
content {<6% clay/silt), but differed in number of species and
individuals {Station A: 176 sp., 60,305 ind; Station B: 185 sp.,
19,268 ind; Station C, 201 sp., 5,821 ind). There were also
differences in the dominant species in terms of rank order and/
or abundance between the stations, but nevertheless, they were
basically similar. Differences in community structure were also
noted seasonally, the greatest seasonal variation at the
shallowest station {Station A). {These differences are not
presented in Table 4.15).
Station A was located within one mile of the stations
sampled by Frankenberg {1965) and Smith {1971, 1973). Leiper
{1973) compared his results to those of the other researchers,
noting several similarities and several differences in sampling
gear and sorting technique that may account for many of the
observed differences in community structure. No reference was
made to the study of DOrjes {1972).
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Table 4.14.

Offshore communities of Georgia as defined by
D6'rjes (1972).

Upper Offshore

Lower Offshore

Community Name :

Hemipholis elongata

Moira atropos
Branchiostoma caribaeum

Diagnostic
Species:

Hemipholis elongata
Scoloplos fragilis
Oxyurostylis smithi
Tel lina texana
Pectinaria gouldii
Spiophanes bombyx
Edotea montosa
Capitomastus cf.
acioulatus
Prionospio cf.
cirrifera
Abra aequalis
Mage Zona sp. I I
Edwardsia sp .
Notomastus
lactericius
Prionospio cf.
malmgreni

Moira atropos
Branchiostoma virginae*
Discoporella umbellata
Venericardia tridentata
Tellina sp.
Petaloproctus socialis
Dentalium spp.
Prunam spp.

*Listed as B. virginiae by some authors.
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Table 4.15.

Dominant and abundant species at three stations
off Sapelo Island (from Leiper 1973). Seasonal
and locational differences not considered.

Nematoda

Synonchus

Rhynchocoela

Tubulanus pellucidus

sp A

Carinomella lactea
Sipunculida

Aspidosiphon spinalis

Bryozoa

Discoporella unbellata
Cupuladria doma

Phoronida

Phoronis psammophila

Annelida
Polychaeta

Spiophanes bombyx
Nephtys picta
Owenia fusiformis
Glycera dibranchiata
Magelona

sp . A

Armandia agilis
Capittata

sp.

A

Pectinaria gouldii
Notomastus

sp. A

Phyllodoce arenae
Glycera abranchiata
Sabellaria vulgaris
Prionospio caspersi
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Table 4.15 (Cont' d )

Onuphis emerita
Tharyx cf. acutus
Sabellides oculata
Scolelepis bousfieldi
Nephytys bucera
Spio setosa

Mollusca
Gastropoda

Natica pusilla

Pelecypoda

Tellina iris
Abra lioica
Ensis directus
Strigilla mirabilis
Tellina versicolor

Crustacea
Ci rripedia

Balanus venustus nivens

Cumacea

Oxyurostylis smithi

I sopoda

Edotea montosa

Amphipoda

Paraphoxus floridanus
Platyishnopus capuciatus
Acanthohaustorius intermedius
Megaluropus

longimerus

Cerapus tubularis
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Table 4.15.

(Cont'd)

De capoda

Callianassa atlantica
Ogyrides limicola

Tunicata

Mo lgu la arena ta

Cephalochordata

Branchiostoma caribaeum
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Leiper {1973) analyzed the faunal assemblage at each
station with respect to the feeding types present. He
concluded that the proportion of deposit feeders in the
faunal assemblages declines with distance offshore, while
the proportion of suspension feeders increases. He also noted
seasonal changes in the proportion of feeding types at each
station. He suggests that these differences are related to
differences in the availability of detritus derived from
estuarine salt marshes as a function of distance from source
and seasonal differences in rate of export from salt marshes.
It is not presently possible to analyze the faunal homogeneity of the offshore sand bottom benthos from Cape Hatteras
to Cape Canaveral with any precision. Certainly many species
range throughout the region, but an exact percentage of the
total number of species which are found throughout the region
cannot presently be calculated. More important would be a
comparison on dominant species and faunal assemblage similarity
in similar habitats. Several factors preclude such an analysis
at present including differences in sampling gear, sorting
procedure, sample size {i.e., area sampled), equivalence of
habitat features at sites sampled {e . g., sediment size, %
organic, depth, distance from shore, etc.), adequacy of
identifications, season sampled, and simply the number of
samples examined. Throughout the area, it is safe to say that
the sand bottom fauna is dominated by polychaetes, pelecypods,
crustaceans {especially amphipods) and echinoderms, in that
order.

4.3.2.

Spec ial Faunal Assemblages

Only four discrete special assemblages have been reported
and described in the literature; calico scallop beds, coral
outcroppings, a reef formed by ancient Lithothamn io n deposits
and "black rock reefs.'' This is not to imply that other faun al
assemblages comparable to those found in the Virginian province
{Pratt 1973) do not exist, but only that comparable assemblages
for the study area have not y et been identified and described.
4.3 .2 .1 .

Calico Scallop Assemblage

Two beds of calico scallops (Argopeeten gibbus) of commercial
proportions have been identified by Cummins , Rivers , and
Struhsaker (1962), one in Raleigh Bay and one off Cape Canaveral
(F i gure 4 .4 ) . A. gibbus was collected throughout the a r ea ,
but was abundant only in these two locations.
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Wells et al. (1964a) studied the fauna associated with
the northern calico scallop bed based on a single dredge sample
collected in April, 1971. They identified 112 species in 19
higher taxonomic categories as epifauna of the scallops (Table
4.16). The dominant species in the assemblages exclusive of
A. gibbus, were the barnacles Batanus amphitrite and B. aalidus,
and the polychaetes Pomatoaeros ameriaanus (=P . aaerutus),
Sabellaria ftoridensfs, and Potydora websteri (not listed as
dominant by the authors).
The frequency of occurrence of each
dominant species is listed in Table 4.17.

A. gibbus, the barnacles, Sabettaria and Pomatoaeros are
filter-feeders deriving their nutrition from the plankton.
Other members of the assemblage are detritus feeders, utilizing
fecal material and organic detritus which accumulates among the
epifauna attached to the scallop shells. These species are
free-living, depending on the scallops mainly for a hard substrate for attachment.
There are several species commensal or parasitic with the
scallop which depend on the host for food as well as shelter.
These species include the dominant species, Potydora websteri,
as well as Ceratonereis tridentata, Pinnotheres maautatus,
Pontonia marginata (carid shrimp) and Odostomia seminuda
(parasitic gastropod). The incidence of these species is
summarized in Table 4.18.
As Wells et al. (1964) pointed out, "More information would
be required on the feeding habits . . . [before] the food chain
could be constructed ." It is fair to say that this system is
dependent on plankton for its energy base and consists primarily
or exclusively of consumers. The assemblage in turn serves as
food for nektonic species.
The Cape Canaveral scallop bed has not been studied this
well.
It may be very similar since the Carolina scallop fauna
has many species with a southern affinity (55/122 species) and
is not closely related to hard-substrate inshore communities.

4.3.2.2.

Coral outcroppings

Coral reefs are unknown from the study area but outcroppings
of coral heads, sea fans and associated fauna have been reported
from Onslow Bay, North Carolina (Huntsman and MacIntyre 1971)
and probably occur southward to Cape Canaveral. The location
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Table 4 . 16 .

Fauna! associates of the Calico scallop bed off
Core Banks, North Carolina (from Wells et al .
1964a).

No. of Species

Protozoa

5

Porifera

3

Coelenterata
Hydrozoa
Anthozoa

8

Nemertea

5

Nematoda

1

6

Annelida
Polychaeta

16

Sipunculida

1

Arthropoda
Cirripedia
Amphipoda
Tanaidacea
-Isopoda
Decapoda

4
5
1

2

4

Pycnogonida

(undescribed)

1 (undescribed)

Mollusca
Gastropoda
Pelecypoda

13
14

Ectoprocta

17

Echinoderma t a

2

Urochordata

2
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Table 4.17.

Dominant species associated with the calico
scallop (from Wells, et al . 1964a).

Species
BaZanus amphitrite
BaZanus caZidus
Pomatoceros coerdus

% Incidence

100

Remarks
upper valve 200/shell
lower valve 85.5/shell

70

up to 49/shell

100

mean, 27.9 tubes/shell
maximum 65 tubes/shell

SabeZZaria fZoridensis

99

covered more area than
Pomatoceros but less abundant

PoZydora websteri

99

not listed as dominant by
Wells et al. (1964a)

'
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Tab l e 4 . 18 .

Commensa l and parasi t ic species of the ca l ico
sca.llop assemb l age (from We lls , et a l. 1 96 4a) .

Species

Percent Incidence

Polydo r a webster i

99

Websterinerus tridentata

25 (53% on lower valve)

Pi nn otheres maaulatus

2

Pontonia marginata

9 (male and female together
in 20 of 32 cases ) .
70 (1-4 specimens/scallop )

Odostomia seminuda

I

j
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of major patches in Onslow Bay is indicated in Figure 4.5. The
coral heads are formed by the reef-forming species, SoZenastrea
hyades and Si dastrea s i derea, and the non-reef forming species,

OauZina arbusauZa, Astrangia astreiformis, Phy ZZangia ameriaana,
and BaZanophyZZia fZori dana .
Huntsman and MacIntyre (1971)
list various fish species collected near the coral outcroppings.
This community is very important to commercial fishes and motile
invertebrates as a food source. This is known as "live-bottom
habitat" by fisheriei scientists.
The faunal assemblage associated with the coral, OauZina
arbusauZa, at four sites was described by McCloskey (1970). He
examined samples from three shallow water sites, Cape Lookout
jetty, Sharkshoal jetty (both near Beaufort, North Carolina) and
Charleston, South Carolina, north jetty, and one deep water site,
the Cape Lookout outcrop (ca. 10 m). A total of 309 species
was reported. Although basically similar, assemblages differed
in detail between various sampling sites. The shallow water
assemblages showed higher diversity than the deep water assemblage,
contrary to expectation based on the greater variability of
obvious physical factors (salinity, temperature, etc.) in shallow
water which generally result in low diversity. McCloskey suggested that sand scouring is the dominant physical parameter on
Cape Lookout outcrop, which explains the distribution of
diversity.
Increased scouring or sediment loads can be expected
to adversely affect this community.
Poly chaetes and molluscs are represented by the greatest
number of species (89 and 74 respectively). The dominant species
for each community sample collected are listed in Table 4.19 in
the same order given by Mccloskey (1970). From these lists it
can be seen that many species occurred as dominants at several
stations, but not shown is the fact that their relative ranking
in the samples differed, implying differences in the structure
of the assemblages .
Mcc loskey (1970) pointe d out t hat t h is assemblag e i n the
broad sense has an extremely h igh di v ersity compared to
assemblages from a djacent habitats. He believes that the
high diversity results from p hysical diversity of the coral
heads.
The vast majority of the dominant species are deposit
feeders, with a number of filter feeders and carnivores also
dominant. Detritus may well be significant i n the diet of the
filter feeders as well as the deposit feeders .
The degree of similarity between the OauZina assemblage
and the assemblages of other coral species is unknown .
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Figure 4.5 .

Location of major coral outcrops in Onslow
Bay , North Carolina (after Huntsman and
MacIntyre 1971).
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Table 4.19.

Dominant species of scleractinian coral
communities' samples (after Mccloskey 1970).

CLJ
1963
1964

CLJ
1966

SSJ
1966

LO
CSC
1966 1966
1967

Coelenterata

Aiptasia eruptau~antia
Aiptasia pattida

X

X

Nemertea
Nemertean sp. A
Nemertean LO

X

X

X

X

Annelida
Poly cha eta

Autotytus protifer
Bhawania goodei
Brania pusitfo
Brania sp.
Dodecaceria concharum
Eutiatia macroceros
Eupomatus dianthus
Exogone uniformis
Exogone sp.
Heteromastus fitiformis
Nereis occidentatis
Nereis succ-inea
Odontosy ttis sp.
Ophiodromus obscurus
Po tydora sp.
Sabettaria ftoridensis
Sy t tis cornuta
Sy t tis graci tis
Syttis spongicota
Terebetta rubra

X
X

X

X

X
X
X
X

X

X
X

X

X

X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X

X

X
X

X

Sipunculoidea

Gotfingia pettucida
Paraspidosiphon parvutus
Mollusca
Gastropoda

Parviturboides interruptus
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X
X

X
X

X

X

Table 4.19.

(Cont I d.)
CLJ
1963
1964

Pelecypoda

Chione grus
Dip Zo t hyra smi t hi
Gas t rochae na hians
Lithophaga aris t a t a
Li t hophaga bisulcata
My t i l us e dul is
Os t rea e qu e s t ris

CLJ
1966

X

X

X

X

X
X
X

SSJ
1966

LO
1966
1967

X
X

X

X

X

X
X

X

X

Arthropoda
Copepoda

Parateutha n. sp.

csc

1966

X

Cirripedia

Balanus improvisus
Balanus trig onus
Balanus venustus nivens
Kochlorine floridana

Tanaidacea
Tanaid sp. A
Tanaid sp. B

X
X

X
X
X

X

X

X
X

X

X

Isopoda

Jaeropsis coralicola

Arnphipoda

Caprella geometrica
Corophium acutum (?)
Corophium as c herusic um
Cor-ophium sp.
Erichthonius n . sp.
Ga.mmaropsis maculatus
Lembos smithi
Lenibos websteri
Lemb.?s Sp.
Leu.cothoe spiniaay,pa
F',i.;tis pugnator
Steno thoe sp.

•
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X

X
X

X
X

X

X

X

X

X
X
X

X

X
X

X

X
X
X

X
X

Table 4 .1 9 .

(Cont'd . )

CLJ
1963

CLJ
1966

Decapoda
Megalobrachium soriatum
Neopanope sayi
Pi lumnus dasypodus
Synalpheus fritzmuelleri

X

X

X
X

X

Echinodermata
Axiognathus squamata
Ophiothrix angulata

X
X
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SSJ LO
1966 1966

X

csc

1966

X
X

X

X

Certainly many of the same species would be present, but
differences in the configuration of various corals may well
lead to the development of a different community structure with
functional differences. Mccloskey remarked that the Oculina
assemblage is distinct from the typical fouling community both
in the set of dominant species and in diversity. No comparison
was made to other assemblages associated with a particular
animal species such as the scallop or oyster assemblages. Had
this been done, differences would have been found.

4.3.2.3.

Lithothamnion Reef

A reef formed by ancient Lithothamnion deposits has been
identified just seaward of the shelf break at the 80 to 110 m
contour, approximately 76 km offshore from Onslow Bay, North
Carolina (Menzies et al. 1966). Similar reefs are known in
the Gulf of Mexico. This reef is approximately 80 nautical miles
long.
Its location closely approximates the boundary between the
Gulf Stream and the Carolinian coastal water mass (Figure 4.6).

Menzies et al. (1966) examined the community of the reef
and adjacent areas both by sampling and by direct observation
with television cameras and photography. They collected a total
of 170 species in 11 phyla (Table 4.20). Seventy-six percent of
the species occurred at reef stations. The reef fauna consisted
mainly of species associated with hard substrates and/or
epifaunal species. The adjacent areas were sandy substrates
with the typical infauna! species of the tropical zone of CerameVivas and Gray (1966). The reef fauna had a strong tropical
affinity as well, with 91% southern species and only 4% northern
species, which were always rare.
The upper sandy reef area is dominated by the pelecypod,
Gl ycymeri s and an epifauna consisting of echinoids, gorgonians,
hydroids, and hry ozoan s. The low reef mud-sand assemblage is
dominated by the gastropod, Polysti r a and the brachyuran,
Acanthocarpus .
Porter and Jenner (1967) listed 24 s p ecie s o f molluscs and
Cain (1972) added 37 species in several phyla previously
unreported from the reef.
ThGre is not sufficient information concerni ng the food
requirements for members of this species assemblage to construct
a diagrammatic food web .
Like the scallop communi ty , the food
chain is based on plankton and detritus raining down from the
water column.
I t was suggested that the epifaunal assoc i ates
contribute significantly to the fish productivity of the area
(Menzies et al . 1966). This type of community can be
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Location of the lithothamnion reef off
North Carolina (Menzies et al. 1966) .
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Table 4.20.

Fauna! association of the Lithothamnion reef.
(from Menzies et al. 1966.)

No. of Species

Porifera

4

Coelenterata

9

Nemertea

2

Ectoprocta

4

Sipunculida

2

Echiuroidia

1

Annelida

17

Mollusca

62

Arthropoda

48

Echinodermata

14

Chordata

3

•
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envisioned as a filter which concentrates the potential energy
of the plankton and detritus in one area, improving the energy
transfer efficiency to higher consumers.
4.3.2.4.

Black Rock Reefs

Pearse and Willjams (1951) described the fauna associated
with the so-called "black rock" reefs off North Carolina.
These rock outcrops consist of a base of Trent marl dominated
by a fossil pelecypod (Venus gardneri).
Some 300 species are
listed (including associated fish fauna). The chief species
contributing to building of the reefs are the sessile snail,
Vermiaularia spirata, and various tubicolous polychaetes.
Corals are present but do not contribute significantly to
building the reefs, according to Pearse. Boring clams
(Saxiaava rugosa andLithophaga bisulaata) and sessile clams
are conspicuous members of the assemblage. Most species have
a southern affinity.
4.4.

Intertidal Benthic Habitats

The intertidal habitat is especially rigorous since it is
here that the aquatic and terrestrial habitats interface.
These areas are subject to varying amounts of inundation and
exposure to the air. Factors of both environments are therefore operating here, restricting the fauna which can inhabit
this zone predominantly to those with special adaptations.
4.4.1 .

High Energy Beaches

The intertidal zone of the ocean is subjected to wave and
surf action and is therefore the most rigorous intertidal
habitat. Such shores are called high energy beaches. Near
the mouths of estuaries and inlets similar but slightly more
protected beaches develop. Wave and tidal actions combine to
grade beach sand according to particle size (Riedl and McMahon
1969). Organic detritus does not accumulate in the sediments.
Such beaches occur ext ens i ve l y a l ong t he seaward shore of the
barrier islands and the exposed mainland shore of South
Carolina.
Under t h ese rigorous conditio n s , t h e f auna is h i gh l y
ad apted for surviv al, a nd can b e conven ien tly divided i n t o
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three groups related to where the species live on the beach .
1.
2.
3.

Epipsammon - those living on the surface
Endopsammon - those living in burrows beneath the
surface
Mesopsammon - those living . in the interstices of the
sand substrate

Pearse et al . (1942)-described the fauna of high energy
beaches in North Carolina (Table 4 . 21 ) and discussed adaptations
permitting survival in this zone. Especially characteristic of
the zone are the pelecypod Donax variabiZis and the mole crab
Emerita talpoida.
Both are adapted for rapid burrowing in the
loose sands at the tide line . They have been shown to migrate
up and down the beach in response to wave action (Pearse et al .
1 942; Turner and Belding 1957). These species are both filterfeeders . Several species with permanent burrows also occur in
the lower intertidal or subtidal area, including several
crustaceans (CaZZianassa maj o r, Lepidop a webs t eri ) and polychaetes
(especially ScoZeZe pi s squamat a).
These forms are also filterfeeders. Numerically dominant are various haustoriid amphipods
which are interstitial filter-feeding species.
In the upper
portion of the intertidal zone, amph ipods of the genus
Talorches ti a (beach hoppers) are f requently dominant, feeding
on organic detritus (algal and grass fragments) cast up by
the waves. The ghost crab, Oc yp oda albican s, forms permanent
burrows above the high tide line.
It spends its days in these
burrows, coming out at night to forage for food. Several bird
species are important carnivores in the habitat, notab ly
Calidrus alba , the sander l i ng .
4.4.2.

Medium Energy Beaches

Be aches similar to high e nerg y beache s but p r ote cte d to a
significant d egree from tidal action by placement behind off shore sand b ars or in the mouths of estuaries, have a mo re
diverse fauna and a diffe r e nt community structure .
(Table 4.22).
Haustoriid a mp h ipods are numerically domi n ant (Dexte r 1 969;
Beaufort Inlet, North Carolina), while Donax and Emerita,
conspicuous and abundant on more exposed beaches, have a
lesser importance. Howard and D~rjes ( 1 972) described the
fauna of two beaches on the seaward side of Sapelo Island,
Georgia , one at the mouth of Doboy Sound, the other protected
by a shoal sand bar offshore which dissipated much of the wave
energy. Haustoriid amphipods were also important on these
beaches.
In addition to the species of the truly high energy
beaches, there are many species present which are more
characteristic of estuarine intertidal and subtidal habitats
or the turbulent zone of the continental shelf. Several
218

Table 4 . 21 .

Species characteristic of high energy beaches
compiled from various sources.

Annelida

ScoZoZepis squamata

Mollusca

Donax variabiZis

Arthropoda
Amphipoda

Haustorius sp.
Ta Zorc hes tia
Amphiporeia virginiana
Parahaustorius Zongimerus
Neohaustorius schmitzi

Decapoda

Emerita taZpoida
Lepidopa websteri
CaZZianassa major
Ocypoda taZpoida
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Table 4.22.

Species characteristic of medium energy beaches
compiled from various sources.

Anneli da

Scolelepis squama t a
Onuphis microcephala
Nephty s picta
Glycera dibranchiata
Heteroma s tus filiformis
Nerei s s uccinea
Spiopha nes bombyx

Mollusca

Donax variabilis
Mulinia lateralis
Te Uina texana
Solen viridis
Oliva sayana

Arthropoda
Amphipoda

Acanthohaustorius s p .
Ba thyporeia s p.
Hau s toriu s s p.
Neohaustorius schmit z i
Parahaustorius longimerus
Monoculodes sp.
Corophium simile

Isopoda

Chiridotes caeca
Emerita talpoida

Xyphosura

Limulus polyphemus

Decapoda

Callianassa major
Ogyrides alphaerostris
Pinnixa chaetopterana
Balanoglossus aurauticus

He michorda t a

2 20

polychaete species are abundant, including Diopatra cuprea,
Heteromastus fiZiformis and Nereis succinea. The pelecypod
MuZinia ZateraZis may be locally abundant in muddy areas.
Howard and DOrjes (1972) have described the effect of the
burrowing species and interstitial haustoriids in reworking
sediments and disrupting stratification.
4.4.3.

Salt Marsh Fauna

Many estuarine intertidal areas throughout the study area
consist of extensive salt marshes (see Chapter 5, Coastal
Vegetation). Salt marshes are typically intertidal beds of
rooted vegetation, with a complex of channels through which
water, minerals, plankton, and fishes move with the tides
(Cooper 1969). According to Cooper, environmental stresses
limit the number of species in a salt marsh. Marshes in various
geographic areas exhibit marked similarity in terms of the
fauna and functional aspects of the system, despite differences
in plant zonation. Major factors regulating presence or absence
of species in various marsh zones are salinity, drainage, and
temperature.
Several authors have contributed to our knowledge of the
fauna in salt marshes, mainly researchers at Sapelo Island,
Georgia and several North Carolina university laboratories.
Their research has shown the extreme importance of salt
marshes to the energy economy of the entire estuary.
The major energy sources in salt marshes are the grasses,

Spartina aZternifZora, Juncus roemerianus, and Spartina patens

(see Chapter 5, Coastal Vegetation, for a list of other
important plant species). Only a few species of insects graze
on Spartina aZternifZora, mainly ProkeZisia marginata and
OrcheZimum fidicinum (Smalley 1959a, 1959b, 1960). The major
source of energy is detritus from the decomposition of the
marsh grass (Teal 1959b; 1962). Teal (1962) concluded that
ca. 55% of the annual net production is consumed within the
marsh, the remaining 45% being exported to the open-water
portions of the estuary. This conclusion refers mainly to
regularly inundated marshes (Spartina aZternifZora zone)
and is not realistic for irregularly flooded marshes (higher
zones or marshes where tidal amplitude is low) where
unconsumed material is deposited as peat and exported only
slowly if at all. An energy flow diagram (after Teal 1962)
is presented in Figure 4.7.
The energy flow diagram is based on studies .of Teal and
others at Sapelo Island. Teal (1958) described the distribution
of fiddler crabs (Uca sp . ), squareback crabs (Sesarma sp.) and
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RECYCLING
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563620
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Figure 4.7.

32709
5.4%

{RESP IRATION)

Diagrammatic presentative of energy-flow
through a Georgia salt marsh (after
Teal 1962).
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mud crabs in Georgia marshes. He also estimated the respiratory
rates under varying conditions (Teal 1959a). Miller (1961,
1965) described feeding and the general ecology of Uaa spp .
in North Carolina. Smalley ( 1959b) described the life history
of the marsh periwinkle, Li t torina irrorata. Teal and Weiser
(1966) have reported on nematodes in salt marshes. Kuenzler
(1961a, 1961b) discussed the dominant pelecypod, Modi o Zus
demissus.
Davis (1962) and Davis and Gray (1966) described the
aerial insect fauna of North Carolina salt marshes . They
demonstrated zonation in insect species correlated with zonation
of marsh vegetation and examined trophic relationships (Table
4.23 and 4.24) (Mosquito and chironomid larvae were not
included. No general description is available for these groups
in salt marshes in the study area, but information can be
gleaned from early literature on control of these groups).
Barnes (1953a) described the spider fauna of salt marshes. He
observed zonation . correlated with vegetation zonation (Table
4.25). He noted a lack of cursorial species in the Spar t ina
aZternifZora zone, although they are present at higher marsh
elevations. Aerial species, mainly orb spiders, prey on
insect fauna in all marsh zones. For both insects and spiders,
species diversity is lowest in the S par t ina aZ t erni f Zora zone .
All marsh species also occur in various terrestrial habitats,
usually in greater abundance than in salt marshes. Barnes
and Barnes (1954) described the spiders found at the drift line
in North Carolina marshes .
Other papers related t o mars h f aun a are c ited in the
biblio graphy. The f aunal list whic h follows (Tab l e 4.26)
i nc ludes a c o n sid eration o f the s e papers.
The a c reage of marsh habitat is included in Chapter 5,
Coas tal Veg etation. Mars h productivity and the v alue o f the
marsh e cos ystem are also discussed in that chapter.
4. 5.

Au tecologic a l summari es f o r Selec ted Benthic Species

The following section consists of summaries of the
available life history data for important species identified
in the synecological description of benthic communities.
These summaries are arranged alphabetically within phylogenetic
subgroups for the sake of convenience. A search was made for
information on the life history of virtually every species in
the habitat lists. I n many cases where data for a given species
bearing on the specific topics of interest could-not be located ,
or when the information was purely anecdotal , with no means of
evaluating its veracity, no species summary is included.
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Table 4.23.

Dominant insect species by marsh type (from
Davis and Gray 1966).

Spartina aZternifZora

Homoptera

ProkeZisia-marginata*
Sanctanus aestuarium
(DraecuZacephaZa postoZa)

ProkeZisia marginata
Sanctanus sanctus

Diptera

ConioscineZZa infesta*
(Chaetopsis fuZvifrons)
Chaetopsis apicaZis

ConioscineZZa infesta
Chaetopsis apicaZis
Chaetopsis fuZvifrons
Dimecoenia austrina
PeZastroneurus ZameZZatus

Hemiptera

TrigonotyZus uhZeri*
Ischnodemus badius
Tythus vagus

Orthoptera

OrcheZimum fidicinium*
ConocephaZus spp.

Coleoptera

MordeZZistena spp.
Isohydnocera tabida
Collops nigriceps

Hymenoptera

Chil c i d oid e a

( )

*

Spartina - SaZicornia-Limonium

avoid s capture but conspicuous
d ensity and frequenc y d ominant
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OrphuZeZZa oZivacea ·

Table 4.23.

(Cont ' d . )
Distichlis spicata

Juncus roemer~anus

Homoptera

Keyflana hastaA
(Phynchomitra microrhina)

Amphicephalus ZittoralisA
Delphacodes detectaA
Spangbergiella vulnerata
Neomegamelanus dorsalis
(Tumedagina terminalis)

Diptera

Chaetopsis fulvifrons

Conioscinells infestaA
Oscinella ovalis
Ceropsilopa costatis
Tomosvanyella coquilleti

(Cymus breviceps)

Trigonotylus americanus ~
Rhytidoloma saucia
Cymus breviceps

Orthoptera

Conocephalus spp.
( Paroxya clavuliger)

Conocephalus spp.*
Nemobius sparsalsus
Orpullela olivacea,
Clinocephellus elegans

Coleoptera

(None)

Naemia serriataA

Hymenoptera

(None significant)

Scelionidea
Chalcidoidea

Odonata

Erythroplipl ax bere n i c e

Hemiptera

(

*

)

only species- infrequent,
not abundant.

&

avoids capture but conspicuous
density and frequency dominant
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larvae)

(adults
(only species)

Table 4.23.

(Cont'd.)

Spartina patens
Homoptera

Delphacodes detector*
Neomegalanus dorsalis
Haplaxius enotatus

Diptera

Conioscinella infesta*
Hippelates particeps
Oscinella ovalis

Hemiptera

Trigonotylus uhleri*
Cymus breviceps

Orthoptera

Conocephalus spp.
Mermiria intertexta

Coleoptera

Glyphonyx sp.

Hymenoptera

Chalcidoidea
Dorymyrmex pyramicus
Pseudomyrmex pallida
Iridomyrmex pruinosus

Tumidagena terminalis
Aphalonema simplex

Isohydnocera aegra

* density and frequency dominant.
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Table 4.24.

jEj
µ,

Trophic relationships of characteristic insects fran the herbaceous strata of
five types of North Carolina salt marshes (from Davis and Gray 1966).

---------FO'.D

P.1..nt Tissues

Plant

Sap

U,

!XMIN1\N1' PLJ\NI'S

Spartina
alterniflora
Orahe lVll1171 fidiainium
Cmunepha lus spp.
Mordelistena spp.

Spartina-SaliaorniaLimonium
Ol'pr.ulella ol~vaaea

Prokelisia marginat,a
Prokeliaia marginata
Senalanua aeetvari',lltl
Sanatanua aonctua
Draeculaaephala portola
Iaahnodernua badiua
Trigonotylua uhleri

Juncue
roerne rianus
Parca:ya alavul~ger
Conooephalus spp.

Distiahlis
spioot,a
Ol'phulella olivaaea
Conocephalua spp.
Clinoaephalus e legans
Nernobius sparsalsua

Keyflana haata
Rhynahcrnitra miCl'orhina

Amphiaephalus
De lphaaodea detaata
littoralia
Tumida9ena termina Zia
Necrneganelanus doraali 8
Spangbergiella
vulnerata
Hapla:!iua enotatus
Delphaaodea deteata
Aphe Lonerna aimp le:!
Tumidaqena terminalia Trigonotylua uhleri
Necrnegame lanus
Cymus breviaepa
dol'aalia
Trigonoty~a
anel'iaa11us·
Rhytidol~ia aauaia
CWIIUB breviaena

....

€
:2!

Spartina
patens
Conoaephalus spp.
Mel'fftiria intertezta
Glyphony:! sp.
Dorymyrmez pyl'a71icus
Pseudarryrmez pallida
Irid=rmez mouinosus

Plant Secretions Chaetopaia apiaalis
Chaetopaia fulvifrona
Conioaaine Zla infeata

Chaetopsia apiaalis
Chaetopaia fulvifrona
Conioeainella infeata

§

.An:imal TisSJes

Ia~hydnoaera tabid~
Collqe_a ni£.l'iaeEB

Spiders

Erythrodipla:! bereniae·Naernia aerriata
Spiders
Spiders

Iaohydnoaera aegra
SJ2iders

Animal Body
Fluids

Diatya =ybe Zea
Hoplodiatya apiniaornia
Spiders

Diatya =ybe Zea
Hoplcxiiotya apiniaornia
Spiders

leduviids
Asilids
Spiders

Red\Niids
Asilids
Spiders

ig

Detritus

qtiydrids
D:>lidqwids
Littol'ina irMrata

Ephydrids
Dolictq,cdids

Eplydrids
Dolictq,odids

Plant Tissues

Diptero.is larvae

DipteroJ.s larvae

Dipterous larvae

g

0

";I

1
a;

and Sap

Animal Tissues
& &-rlv

Fluids

larvae of p:ll'asitic

lt-"""'rnotera

larvae of parasitic

H

a

Conioaaine lla infea ta Conioaainella infesta
Osainella ovalia
Oaaine lla ovalie
Hir,pelatea 2,artiaepa

Luvae of puasitic
a

H

Tcmoataryella
aoquilletti
Ieduviids
ililicids
Asilids
Spiders

Larvae

•L

of pirasitic
tera

Dipterous larvae
Ia.rvae of parasitic
tera

Table 4.25.

Spiders characteristic of salt marshes by plant
zones (from Barnes 1953a).

Spartina aZternifZora (lower estuary)
Grammonota trivittata
Diatyna savanna
EustaZa anastera
Singa keyserZingi
Hyatia pikei
PoeaiZoahroa unimaauZata
Spartina aZternifZora (upper estuary)
EustaZa anastera
Grammonota trivittata
Dia ty na savanna
Argiope s emino Za
Spartina - DistiahZis - SaZiaornia
EustaZa anastera
Diatyna savanna
Lyaosa modesta (cursorial)
Pardosa fZoridana (cursorial)
Junaus roemerianus
EustaZa anastera (not clearly dominant)
Lyaosa modesta (cursorial)
Pardosa fZoridana (cursorial)
Spartina patens
Tibe Z Zus du ttori
Hyatia pikei
EustaZa anastera (immatures only)
Lyaosa modesta (cursorial)
Araosta furtiva (cursorial)
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Table 4. 25.

(Cont'd . )

Mixed herbaceous
Mangora gibberosa
Hyctia pikei
Phidippid (unidentified)
Latrodectus mactans
Pirata su~ansus (cursorial)
Lycosa sabida (cursoria l )
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Table 4.26 .

Characteristic species of the salt marsh fauna
compiled from various sources.

Annelida

Nereis succinea
Heteromastus filiformis
Capitella capitata

Mollusca

Modiolus demissus
Anomia simplex
Petricola pholadiformis
Littorina irrorata
Melampus bidentatus
Polymesoda caroliniana

Arthropoda
Insecta

(see Table 4 . 23)

Acarina

(see Table 4 .25)

Arnphipoda

Gammarus spp.

Decapoda

Callinectes sapidus
Palaemonetes pugio
P. vulgaris
Panopeus herbstii
Rhithropanopeus harrisii
Sesarma cinereum
S. r,eticulatum
Uca minax
U. pugnax
U. p ugi la tor
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The life history summaries, at a maximum, include the
following information:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
·11)
12)

species, (scientific and common name)
literature citations of special value
geographic distribution
migration (spawning, seasonal, etc.)
habitat(s) utilized
food habits
·
reproduction
season, fecundity, spawning ground
larval life history (including nursery ground where
appropriate)
growth rate/longevity
mortality
predators
diseases
information on abundance
response to chemical cues

In no case is the data base truly complete. Even in cases where
data are given (esp. regarding growth rates, mortality rates,
and abundance) the validity of these data may be questioned on
numerous grounds:
a)
b)
c)

relevance to geographic area of interest
availability of estimates of variance over time
specific time to which the data refer

Hence the data must be used with extreme caution if one
attempts to calculate species recovery times after exposure
to deleterious conditions.
Autecological summaries for species of commercial importance
will be found in Chapter 6 on Marine Fisheries. This placement was selected to prevent unnecessary duplication.

4.5.1.

Porifera

While ouly two sponge genera are treated here , a limited
amount of data on several additional species is availabl e in
Wel l s , Wells , and Gray (1 964b). Several of these species may
be abundant seasona l ly.
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Miaroaiona proZifera (redbeard sponge)
Literature :

Hartman 1958
Simpson 1968
Warburton 1966
Wells et al . 1960, 1964b
Distribution: Prince Edward . Island, Nova Scotia to s. c.
Habitat: Attached to various hard substrates; e.g., rocks,
piling, 9ysters, clam shells,· floating objects;
mean low water to 10 m.
Food Habits: filter feeder
Reproduction: Larvae produced; gemmule production not
reported; maximwn larval production at 20-25C
Season: June to August, Long Island Sound; May in Hatteras
Harbor, N. c., larval setting observed June
through November (N. C.)
Larval Development: larvae pelagic; attach within ca. 50 hr.
of release; after attachment, spread to cover twice
area of attachment; then metamorphose, which requires ca. 28 days.
Growth Rate: active growth: October to May (N. C.)

CZiona aeZata (oyster sponge)
Literature:

Hartman 1958
Hopkins 1956, 1962
Old 1941
Warburton 1966
Wells 1959
Distribution: Gulf of St. Lawrence to S. C. (?);La.and
Tampa Bay.
Habitat: bores into oyster shells and some other pelecypods;
eventually destroys shell and may become freeliving; this species dominates over the other CZiona
sp. in high salinity waters
Food Habits: suspension feeders
Reproduction:
Season: newly metamorphosed forms observed August to
October (Milford, Conn.)
Larval Development: larvae swim for 20-30 hr. at the
surface , then creep on bottom for 20-30 hr. before
attachment.
Abundance :
(Table 4.27)

4.5.2.

Phylum Coelenterata

This phylum has received little study with regard to the
life history parameters of interest here with the exception
of the stinging nettle, Chrysaora quinqueairrha.
There remain
many taxonomic questions, especially regarding the anemones.
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Table 4.27.

Abundance of Cl i one celata (oyster sponge).

Location

N

w

""'

Newport River
Little River
Murrells Inlet
Pawleys Island
South Santee River
Alligator Creek
Casino Creek
DuPre Creek
Five Fathom Creek
Toomer Creek
Gray Bay
Rantowles Creek, 1950
Rantowles Creek, 1956
Wadmalaw River
Ashepoo River
St. Helena Sound
Parris Island
Whale Branch
Mackay-Skull Creek

Shells
Exam.
2706
11
25
2
94
272
77
39
282
58
12
22
217
105
824
9
2
44
21

% with
Cliona

10.4
91
100
100
48
69
55
100
54
15
100
32
51
88
79
100
100
93
95

Speci% Cliona of each SEecies
mens celata lob a ta vasti[.. troui tti
282
68.4
10
90
26
65
2
100
45
100
191
98
85
45
41
68
158
66
9
56
13
69
9
11
38
130
78
92
682
73
9 • 100
2
100
43
95
21
52

0
0
0
0
0
7
0
7
0
0
0
29
3
6
0
0
0
5

10
31
0
0
2
4
0
25
44
31
0
3
19
8
0
0
0
43

0
0
0
0
0
4
·32
2
0
0
89
30
0
13
0
0
5
0

Source

Wells 1959
Hopkins 1956

4.5.2.1.

Class Scyphozoa

Life history typically dominated by medusoid stage.
Chrysaora quinqueairrha (sea nettle, stinging nettle)
Literature: Cargo and Schultz 1966
Cones _l968
Cones and Haven 1969
Littleford 1939
Smith 1964
Distribution: All temperate and tropical seas; on u. S.
Atlantic coast, north to Cape Cod.
Habitat: Medusa: planktonic, meso- and polyhaline
Polyp: underside of oyster shell and other hard
substrates; salinity tolerance range (5) 10-40°/oo,
normally occurs in meso- and polyhaline waters.
Food Habits: captures food with tentacles; food includes
pelagic polychaetes, insect larvae, ctenophores
(Mnemio psis) , hydromedusae, and small fishes.
Life Cycle:
"alternating generations"

_ ___

______... Medusa
(Jun-Oct,------"'Va.)
sexual
reproduction

'

planula

t

strobila

---

scyphostoma
(polyp)
strobilization
(Apr - May, Va.)

Reproduction:
Sexual Reproduction, July to September (Va.); fertilization frequently occurs in gastric cavity of female.
Asexual Reproduction:
a) polyps produce additional polyps by stolon formation,
budding, or pedal disc budding (most common method)
b)
polyps produce several ephyrae by strobilization
Growth Rate:
Medusa: reaches mean diameter of 55 mm in approximately
2 months (Cargo and Schultz 1966)
Mortality:
Predation: Diadumena ZeuaoZena and BaZanus eburneus
reported to eat ephyrae; polyps probably browsed
by gastropods (esp. nudibranchs), polychaetes.
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Abundance:
Medusae:
Polyps:
4.5.2.2.

23/m 2 in creeks
6/m 2 in river
(Table 4.28)

York R., Va.
York R., Va.

Class Anthozoa

Life history dominated by .polyp stage.

Diadumene ieuaoiena (taxonomic identification questionable,

see Hand .1955)
Literature: Field 1949
Hand 1955
Wass 1972
Habitat: common on oyster reefs; also a variety of other
hard substrates; meso- and polyhaline waters
Reproduction:
Asexual: described by Field (1949) but contested by
Hand (1955)

4.5.3.

Phylum Platyhelminthes

This phylum is rarely included in general ecological studies.
Hyman (1939, 1940, 1951) and Pearse (1938) have studied the
taxonomy of various flatworms from the study area. Only one,
a predator on barnacles and oysters, is moderately well-known
from an ecological viewpoint.

Styioahus eiiiptiaus
Literature:

Hyman 1939, 1940, 1951
Loosanoff 1956
Pearse 1938
Wass 1972
Distribution: Prince Edward Island, Nova Scotia to Tex.
Habitat: Intertidal among barnacles, oysters and shells;
meso- and polyhaline
Food Habits: preys on barnacles and oysters
Reproduction: hermaphroditic
Abundance: 340/m 2 , Va. (Wass 1972)

236

Table 4.28.

Station

I\J

w

-...J

Chrysaora quinquec irrha polyps: selected data set, winter, 1967
(from Cones and Haven 1969).

No. of
shells

No. of
oysters

No. with 1201i'.;es
shells
oysters

No. 1201i'.es
on shell
on oysters

Y8

144

0

0

0

0

0

Yl2

371

25

0

0

0

0

Yl2.5

4 38

12

0

0

0

0

Yl3

944

84

7

0

22

0

Y22

209

33

14

2

109

30

Y24

834

243

30

2

230

13

Y25

1007

319

39

1

325

3

4.5.4.

Phylum Bryozoa

Fifty-nine bryozoan species have been described from N. C.
by Maturo (1957). A total of 66 are reported from the area.
Distributional patterns are discussed in Maturo (1968).

Bugula neritina
Literature:

Maturo 1966
McDougall 1943

Distribution: N. C. to Brazil; pantropical and subtropi·cal
Habitat: pilings and other hard substrates
Food Habits: filter feeder
Reproduction: asexual (budding) and sexual larvae produced
individually from brood pouch (ovicell)
Season: year round (except a few weeks in March and
April, N. C.)
Growth Rate: apparently fastest in strong light; a 2 mm
individual can produce a colony of several hundred
individuals (100 mm diameter) in one month.

Membranipora tenuis

Literature: Maturo 1957, 1959, 1966
Distribution: Mass. to Brazil
Habitat: almost any hard substrate, including various
organisms such as Busycon and Cantharus tinctus;
wide salinity tolerance range.

4.5.5.
4 . 5 . 5.1 .

Phylum Annelida
Class Polychaeta

Polychaetes are the primary annelid class in marine waters
though oligochaetes and hirudinians also occur in this milieu.
Polychaetes frequently dominate the benthic infauna of sandy
and muddy substrates both in number of species, number of
individuals, and biomass. They are also important members of
other habitats. Some species are considered indicators of
polluted areas. Capitella capitata frequently dominates the
reduced fauna of stressed environments.

Capitella capitata
Literature:

Bellan et al. 1972
Reish 1960
Reish and Barnard 1960
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Thorson 1946
Wass 1967
Wolff 1973
Distribution: Cosmopolitan; Me. to Fla.
Habitat: Sand or muddy sand; poly- and euhaline
Tolerance:
wide range of sediments; resistant to low
dissolved oxygen: feeds but does not reproduce
at D.O. <2.5 ppm.
Food Habits: Non-selective deposit feeder
Reproduction: female spawns and embryos develop in burrows;
incubation 4 days in Mediterranean
Season: year round
Fecundity: 130+ eggs/spawn
Larval Development: released from burrow as trochophore;
pelagic 2-3 days; metamorphoses as metatrochophore
{9 setiger) stage
Tolerance: mortality increased and development prolonged
by oil-dispersing detergent
Growth: completes life-cycle {egg to reproductive maturity)
in 30-60 days.
Mortality: predation {and/or competition) pressure preswned
high because large populations develop under
stressful conditions and are rapidly depleted when
stress removed {"opportunistic fugitive" species)
Abundance: "Tens of thousands/m 2 " - maximum

ClymeneZZa torquata
Literature:

Hartman 1945
Kenny 1969a, 1969b
Mangwn 1962, 1964
Newell 1951
Sanders et al. 1962
Smith 1971, 1973
Distribution: New Brunswick, Mass. to north Florida
Habitat: worm and clam flats, in tubes, 0 to 110 m.
Food Habits: ingests substrate and detritus, egests
indigestible material
Reproduction: produces round gelatinous egg mass on
substrate surface
Season: June and July {Beaufort, N. C.)
Larval Development: larvae not pelagic but can swim up off
bottom for short periods; tube formation begins
by day 7, well formed tubes by day 10.
Growth Rate: reach 22 segments {adult size) in 42 days in
lab culture, slightly longer in field.
Abundance: density declines north to south
Pivers Island/Radio Shoal, N. c. 3-400/m2 {Kenny 1969a)
Pivers Island, N. C.
30-180/m 2 {Mangwn 1964)
Causeway/Bird Shoals, N. C.
~10/m 2 {Kenny 1969)
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Avg l.6/m 2
Max. 51.2/m 2 (Smith 1971)
local abundance related to substrate particle size

off Sapelo Island, Ga .

Diopatra cuprea
Literature: Day et al. 1971
Dexter 1969
Mangum 1968
Mangum et al. 1968
Smith 1971, 1973
Distribution: Cape Cod to south Florida; Gulf of Mexico
Habitat: muddy and muddy-sand bottoms; constructs tube to
depths of 50-60 cm and projecting several centimeters
above surface.
Food Habits: omnivorous, primarily living or recently dead
prey; feeds at water-sediment interface; gut contents
also show plant material.
Abundance:
Beaufort Inlet, N. C.
24-92/m 2 (Mangum et al.
1968)
sandy beach, Beaufort, N. C.
0 . 035/m 2 (Dexter 1969)
area (winter)
30/4 samples@ 10 m;
turbulent z one , offshore, N. c .
(Day et al. 1971)
2 (Smith 1973)
17.6/m
offs hore , Sapelo Island , Ga.
Glycera dibranchiata (blood worm)
Literature: Day e t a l . 1 971
DOrjes 1972
Kl awe and Di ck i e 1957
Sanders et al. 1962
Simpson, 1 962
Tenore 1972
Di s t ribut ion: Pri nce Edward I sland, Nova Sc o tia t o We st
I ndies; San Ma t eo Co., Cal i f., to Mazaltan , Mexi c o
Hab i t a t: soft muds wi t h h i gh organi c cont ent or sandy
subs t ra t es; mean h i gh wat er t o a t l eas t 2 00 m.
Food Habits: detritus feeder
Reproduction : no data for survey area; spawns at 3 years,
some at 4 or 5 yr. (Nova Scotia) . Swarming
observed
Season: April-June, max. mid-May (Nova Scotia),
apparently spawns summer and fall in Md .
Larval Development: unknown, probably benthic larvae
Growth: no data for survey area; no growth during summer,
growth most rapid in third year, max. size ca.
35 cm. (Nova Scotia).
Longevity: 5 yr . , die after spawning
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Abundance:
offshore, N.

c.

Pamlico River

2.5 m 7/5 samples Day et al. 1971
5 m
1/1 sample
10 m
31/4 samples
20 m
10/4 samples
l-5/m 2 (Tenore 1972)
5/m2 -25/m 2 (read from figure)
(Dorjes 1972)

Heteromastus fiZiformis
Literature: Day 1973
Sanders et al. 1962
Tenore 1972
Distribution: North Atlantic to Gulf of Mexico, (world-wide)
Habitat: worm & clam flats, oyster reefs, 0-100 m, muddy
substrate
Food Habits: non-selective deposit feeder
Reproduction: Tenore (1972) refers to "high productive rates"
Abundance:
Barnstable Harbor, Mass.
17-5980/m 2 (Sanders et al.
1962)
"common," intertidal mud banks of Beaufort Sound
(Day 1973)
Pamlico River, N. C. (shallow, sand bottom) 5-49/m2
present year round
(Tenore 1972)

.Nereia auaainea
Literature:

Amos 1957
Banse 1954
Hartman 1945
Lillie and Just 1913
Pettibone 1963
Reish 1957
Wells and Gray 1964
Wilson 1900

Distribution:
Atlantic Ocean: Mass. to Uruguay, North Sea to
South Africa;
Pacific Ocean: Calif. to Panama;
Indian Ocean: Cape Point to Natal
Habitat: muddy and sandy bottoms, even foul soft mud; in old
tubes of various other polychaetes; associated with
oyster beds, ascidians, sponge masses, water-logged
wood; estuarine and coastal; intertidal to nearly
50 m.
Tolerance: euryhaline, oligohaline to euhaline zones of
estuaries and nearshore.
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Food Habits: scavenger, carnivorous
Reproduction: epitoky, i.e., external fertilization by surface
swarming of heteronereids (morphologically modified
sexually mature worms); nocturnal with lunar cycle
dependence; males stimulated to shed sperm by
presence of gravid females (apparent chemical cue,
not egg suspension); females stimulated to shed
eggs by presence of sperm in water; adults die after
s p awning
Season : summer; spawning observed at Beaufort, N. C.
in September
Fecundity: unknown
Larval Development: larvae pelagic
Mortality:
Predators: blue crabs, lady crabs, mud crabs, hermit
crabs, skates, various bony fishes

Ome nia f us i f ormi s
Literature: Dales 1957
Day 1973
Fager 1964
Wilson 1932
Distribution: Cosmopolitan in temperate and tropical seas,
0 to 200 m.
Habitat: medium to fine sands, stenohaline (>25°/oo),forms
flexible tube of agglutinated sand grains
Food Hab its : suspension/ deposit f e e de r
Reproduction: mature at 2 yr.
Season: u n k n own for North American Atlantic coast
Larval Developmen t : pelagic larvae i n plankton at least 4
weeks (Britain)
Pectinaria go u ldii (trumpet worm )
Literature: Day 1973
D~rjes 1972
Gordon 1966
Tenore 1972
Dis t ribut ion: Mass. t o Fla ., Wes t Indies
Habitat: sand bottoms , 0 to 120 m.; in sand tube , 4-6 cm
long, just beneath sediment surface
Food Habits: deposit feeder
Growth Rate:
Longevity: 2 - 3 years
Abundance:
Pamlico River mout h
15/m 2 (Tenore 1972)
off Sapelo Island , Ga. , abundance not given (D~rjes 1972)
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PoZydora Zigni
Literature:

Blake 1969,1971
Marsh 1970
Orth 1971a, 1971b
Sanders et al. 1962
Stauber and Nelson 1940
Wass 1972
Distribution: N._J. to Fla.; Gulf of Mexico; west coast
of N. America; north Europe
Habitat: tidal flats, grass beds, in silt tubes; attached
to hard substrates
Food Habits: deposit and suspension feeder
Reproduction:
Season: spring
Fecundity: 132 eggs/capsule; adephophagia (nurse egg
feeding) observed in this species
Larval Development:
larvae present in plankton, MaySeptember (Me.) March-late May Va.)1 hatches
at 3 setiger stage; set stage not specified.
Growth Rate: adult size: 33 mm (80 segments), growth rate
not reported.
Abundance:
146/g Zostera; York River, Va. (Marsh 1970)
7450/m2 sand bottom; York River, Va. (Wass 1972)
9564.5/m2 , mud/sand bottom, Zostera bed, in March, (Va.)
(Orth 1971b)
50/m2 , Barnstable Harbor, Mass., Sanders et al. 1962

PoZydora websteri (oyster boring worm)
Literature:

Blake 1969, 1971
Grice 1951
Lunz 1941
OWen 1957
Distribution: Canada to Fla.; Gulf of Mexico; Calif.;
Ore.; Hawaii
Habitat: commensal with oysters, hard clams, forming mud
blisters inside shells
Food Habits: detritus feeder
Reproduction: eggs laid in capsules, usually strung together
in worm tube
Season : spring/summer
Fecundity: 50-55 eggs/capsule
Larval Development: egg hatches at 3 setiger stage; larva
sets at 17 setiger stage; 14 setiger stage reached
in 14 days at 15C, larval growth slower at -6 and
l0C.
Growth Rate : adults reach 20 mm (@100 segments); growth
rate not reported.
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Abundance:
La.: 100% of oysters examined infested, 3-282 worms/
oyster (Owen 1957)
s. C.: 40% of oysters infested (as P . ciZiata, now
considered to be P. websteri) (Lunz 1941);
27.84% of oysters infested, Wadmalaw Island
(Grice 1951)

Pomatoceros americana
Literature:

Day 1973
Day et al. 1971
Distribution: N. C. to Fla.; Gulf of Mexico (?)
Habitat: corals, sea scallop shells
Abundance:
120/1 sample at 40 m (designated Pomatoceros n. sp. in
Day et al. 1971)

SabeZZaria vuZgaris (honeycomb worm)
Literature:

Day 1973
Day et al. 1971
Kirtley 1971
Waterman 1934
Wilson 1969
Distribution: Mass. to Cape Canaveral
Habitat: hard substrates in turbulent zone, attach to
scallops, live or dead, among other things; 0-40 m,
in arenaceous tube
Food Habits: capture phytoplankton and detritus with cilia
on tentacles; pass to mouth
Reproduction: external fertilization
Season: May-June and August
Larval Development: pelagic for up to 2 mo., gregarious
setting
Mortality:
Predation: shrimps, snails (esp. Thais fZoridanus),
some fish, crabs
Abundance:
off shore N. C. :
4 7 /2 samples @ 5 m
(Day et al. 1971)
form reefs along N. E. Fla~ coast (Kirtley 1971)
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SaoZeZepis squamata
Literature:

Day 1973
Day et al. 1971
Dean and Hatfield 1963 (as Nerinides agiZis)
DOrjes 1972 (as Nerinides agiZis)
Joyner 1962
Pettibone 1963
Richards 1970
Distribution: cosmopolitan in temperate and tropical seas,
reported Cape Hatteras to S. C.
Habitat: high energy beaches, in mucoid/sand tubes
Reproduction: presumed internal fertilization
Season: June-August (Conn.); March-July (Great Britain),
March-October (Barbados)
Fecundity: 4 spawns/yr. (Barbados)
Abundance:
Cape Lookout, N. C.:
412/sample (Day et al. 1971)
Sapelo Island, Ga.:
max. >3400/m 2 (as Nerinides
agiZis, DOrjes 1972)

Spiophanes bombyx
Literature:

Day 1973
Day et al. 1971
DOrjes 1972
Smith 1971, 1973
Tenore 1972
Distribution: Sweden and New England to South Africa and
Falkland Islands, Eastern Pacific, Canada to
Calif.
Habitat: sand bottom 0-200 m
Larval Development: metamorphose at 15 setiger stage
Abundance:
off N. C.,
2.5 m
8/2 samples (Day et al. 1971)
5 m
· 19/3
10 m
55/5
20 m
40/7.
40 m
52/6
80 m
2/2
125 m
5/2
200 m
2/2
Mouth of Pamlico River, 6/m2 (Tenore 1972)
Sapelo Island, Ga., 2nd or 3rd most abundant species,
upper offshore (density not given) (DOrjes 1972)
off Sapelo Island, Ga., ca. 200/m2 most of year, peak
of ca. 5000 in March (Smith 1973)
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Websterinereis tri d entata
Literature: Day 1973
Pettibone 1971
Wells and Wells 1962 (as Ceratonereis tridentata)
Wells et al. 1964a (as Ceratonereis tridentata)
Distribution: N. J. to Fla.; Gulf of Mexico
Habitat: Shelly bottoms, 3-40 m, calico scallop beds
Food Habits: no definitive information; two suggestions
have been presented:
a) feeds from scallop mucous food chain or
b) feeds directly on scallop tissues
Abundance:
Core Banks, N. C.:
24.3% of scallops infested

4.5.6.

Phylum Mollusca

This phylum is an important component of the fauna in a
variety of habitats. Often, members of this phylum are used to
designate faunal communities because they are conspicuous,
readily identified, non-motile, and in many cases relatively
narrowly restricted in habitat.
4.5.6.1.

Class Gastropoda

This class includes herbivores, carniv ores, detritivores,
and ectoparasites. Many of the carnivores prey on commercially
important species of clams, scallops, and oysters. As a result,
t heir life histories have been extensively studied .
Bittium varium
Literature:

Bird 1970
l1arsh 1970
Ort h 1971b
Wulff 1970
Dis t r i bution: Chesa peake Bay t o Fl a .; Gulf of Mexico
Habit a t : Sea grass beds, on grass or med i um t o f i ne
sedi ments; pol yha li ne zone
Food Hab i ts: f eeds on epiflora of Zostera
Reproduc t ion: direct development (no pelagic larva)
Season: May- June in Va .
Fec und ity: 5- 7 egg mas s es/plant ; eggs i n spiral gelat inous
egg mass
Growt h Rat e :
Longevity: 1.5 years
Abundance :
Max 200/g Zostera, October , York River, Va . , usually
<10 - 70/g Zostera (March 1970); found on bottom subs t rate
during wint er.
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Busycon canaZicuZatum
(channeled whelk)
Literature: Abbott 1954
Magalhaes 1948
Warren 1916
Distribution: Cape Cod, Mass., to St. Augustine, Fla.
Habitat: sand or mud bottom, esp. near oyster reefs;
tolerates 8.5 to 31.5C
Food Habits: Most important food source various clams;
young specimens feed on small gastropods and
carrion; adults use edge of shell to open bivalves;
also feed on carrion
Reproduction: fertilization internal; eggs laid in strings,
one end attached to substrate; development direct
Season: spring (May-June) and fall (September-November)
at Beaufort, N. C.
Fecundity: , mean no. of egg capsules/string-80
(B. carica has mean of 34-41 eggs/capsule)
Mortality:
Predation: Menippe mercenaria, other crabs, sea gulls
(Larus argentatus smithsonianus and L. deZa~arensis),
man
CrepiduZa convexa (slipper shell)
Literature: Abbott 1954
Andrews 1956
Bird 1970
Marsh 1970
Orton 1912
Distribution: Mass. to Fla.; Gulf of Mexico
Habitat: sea grass blades, pilings, hermit crab shells;
polyhaline, prefers 26-28°/oo
Food Habits: filter feeder
Reproduction: fertilization ir.ternal; female broods eggs
in mantle cavity, with eggs attached to substrate.
Season: May-September
Fecundity: 4-8 eggs/capsule; 10-15 capsules/spawn
Mortality:
Predation: crabs, fish
Abundance: grass bed, York River, Va .
16.26% of all epifauna at shallow station (most
abundant sp.), 3.99% at deeper station (6th most
abundant sp.)
abundance varies seasonally: 1/g Zostera in
March, 60/g Zostera in August
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Littorina irrorata (marsh periwinkle)
Literature: Abbott 1954
Gibson 1969
Moore 1961
Smalley 1959
Stephenson and Stephenson 1952
Distribution: N. Y. to north Fla. , Gulf coast to Tex.
Habitat: regularly flooded salt marshes on Spartina or
Junaus, less · cornrnonly on pilings and other hard
substrates; active at temperatures >lOC, estivates
during extended dry periods
Food Habits: detritus feeder
Reproduction: fertilization internal; copulate during ebb
tide; spawn about 26 days after copulation; spawn
on high tide; limited lunar periodicity observed
Season: Summer; June in Ga.; May through September in Va.
Larval Development: eggs and larvae planktonic; larvae
present in plankton July to September in Ga.
Growth Rate: growth rate apparently inversely related to
population density; max. size ca. 25 mm spine
length
Mortality: Mortality rate calculated as 23.94 snails/m 2 /mo,
Ga. marsh, II 66 to X 67 (Smalley 1959)
Abundance: Sapelo Is., Ga.: 103-713/m 2 (Smalley 1959)
Nassarius obsoletus (eroded mud snail)
Literature : Abbott 1954
Brett 19 63
Jenner 195 6
Sastry 1971
Scheltema 1956, 1961, 1962, 1964, 1965, 1967
Distribution: Gulf of St. Lawrence to Cape Canaveral
(introduced on Pacific coast)
Habitat: protected mari ne and estuarine intertidal flats
and shallow subtidal zone ; burrow in substrate
during cold months
Tolerance: salinity minimum of 12.5-13.5°/oo
Preference: salinity: >21°/oo
Food Habits: herbivore; facultative scavenger and carrion
feeder
Reproduction:
Internal fertilization; eggs laid in capsule
on available hard substrates
Season: February to May, Beaufort, N. C.
Fecundity: 4-150 eggs/capsule
Larval Development: 3 planktonic phases:
1) development with rapid growth (20-30µ/day)
2) development slowed while seeking suitable
substrate for metamorphosis
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3) creeping-swimming stage
At metamorphosis, velum is cast off {not resorbed);
shell darkens; 12-16 days from hatching to metamorp hosis at 25C
Tolerance: >17-18% to complete development and
metamorphosis
Growth Rate : length increases 3-5 times from settlement to
end of first summer, no growth during late fall,
winter, ~and early spring; sexual maturity reached
at 12-14 mm {as early as third summer)
Longevity: estimated 5·yr.
Abundance:
Bogue Sound, N. C.: 2.312-2.751 g/3m 2 {dry biomass),
muddy stations

Nassarius vibex {common eastern nassa)
Literature:

Abbott 1954
Bird 1970
Brett 1963
Hunt 1965
Pearse et al. 1942
Scheltema 1962
Warmke and Abbott 1961
Wells 1961
Distribution : Cape Cod to Fla . ; Gulf states & West Indies
Habitat: shallow protected waters, sand or mud bottom
Tolerance : salinity: 9-32°/oo
·Preference : salinity: 18-28°/oo
Food Hab its: scavenger
Reproduction: eggs laid in capsules
Season : spring ?
Larval Development: p lanktonic
Abundance :
Bogue Sound, N. C . : 0.018-1.306 g / 3m 2 {dry biomass)
Ra d i o I s lan d, N. C.: 0. 14/m 2

OZiveZZa mutiaa {variable dwa r f o liv e)
Lite r atur e:

Abbott 1 954
Bir d 1 970
Brett 1963
Day et al. 1971
DOrjes 1972
Hedgpeth 1957
Pear~e et al. 1942
Distribution: N. C. to F l a.; Tex.; West I n dies
Habitat: bur rows in medium to fine sand bottoms
Tolerance: sa l inity: 26-35°/oo
Preference: salinity: 35°/oo
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Food Habits: claimed to feed by sand scraping , but other
members of the genus are carnivorous on pelecypods .
Abundance:
offshore , from Pt . Lookout , N. C . (Day et al . 1971)
3 m
44/7 samples
5 m
41/4
10 m
16/2
offshore from Bogue. Sound , N. c.: 0.01 2 - 0 . 092g/3m 2
(dry b i omass)
Radio Island , N. C.: 0.035/m 2

PoZynices dupZicata (moon snail)
Literature:

Abbott 1954
Bird 1970
Brett 1963
Darjes 1972
Hunter and Grant 1966
Pearse et al. 1942
Sanders et al. 1962
Distribution : Cape Cod to Tex.
Habitat: estuarine and open ocean , medium to fine sand ,
27-35°/oo salinity
Food Habits: carnivorous; drills distinctive hole in various
pelecypods and gastropods
Reproduction: deposits eggs in sand collar formed on
substrate
Abundance:
Bogue Sound, N. C. : 0.059-0.311 g/3m 3 (dry biomass)
Radio Island, N. C.: 0.035/m 2

Thais fZoridana
Literature:

Abbott 1954
Butler 1954
D'Asaro 1966
Wells 1961
Distribution: Cape Hatteras to Tex.; West Indies
Habitat: rocks and pilings around barrier islands; tolerates
only high salinity water
Food Habits: carnivorous; drills pelecypods (mussels, oyster
spat, clams, oysters); also eats hydroids and dead
crabs or shrimp
Reproduction: communal spawning observed; eggs laid in
capsules attached to hard substrate.
Season: February to November in Florida Keys;
March to August in more northern areas
Fecundity: 7-105 capsules/spawn with <200 to >1000
eggs/capsule; up to 4000/capsule (Butler 1954)
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Growth Rate:
Longevity: 5-10 yr.
Mortality: 12%/yr. as adults; greater mortality believer
to occur during larval stages.
Urosalpinx cinerea (oyster drill)
Literature: Carr;ker 1943, 1955
Cole 1943
Fed erig hi 1931
Wood 1965, 1968
Distribution: eastern Canada to northern Fla. (St. Johns
River
Migration: seasonal vertical migration by intertidal
population to subtidal depths in fall, intertidal
zone in spring.
Horizontal movements of subtidal populations· known
to occur but cause and result unknown
Habitat: oyster reefs, sea grass beds, pilings, and other
hard substrates, intertidal to subtidal (to 120
ft.?); upper mesohaline, poly- and euhaline zones
Food Habits: drills oysters, barnacles, mussels and clams;
can locate prey by olfactory cues in relatively
non-turbulent waters; prefers scent of prey most
recently attacked ("ingestive conditioning ")
Reproduction: dioecious, fertilization internal, e ggs
laid in capsules attached to hard substrates in
clwnps.
Season: March to November (time varies with location)
Fecundity: a v erag e 8 -11. 7 e ggs/capsule (rang e 1-29 ) ;
average 28- 58 egg cases/female/season (range 20-96)
Larval Development: incubation period in egg capsule 1 8-7 8
days, temperature depend ent; hatch as small snails
Growth Rate: size at hatching : 1-1.5 mm (Del.)
0.8-1 mm (Hampton Roads, Va.)
size a t 1 y r. :
8- 12 .5 mm
2 yr.:
31 mm
much f a ster g r owt h r a t e reported from Grea t Brita i n
where t h e s nail has b ee n i n trodu c e d .
Mort alit y:
Pred ation: Opsan u s ta u

4.5.6 . 2.

Class Pelecypoda

The commercially important species are discussed in Chapter
on Marine Fisheries. Many non-commercial species are important
components of various habitats. These species are planktivores
or detritus feeders.
In some habitats, certain species achieve
very high densities. Many species concentrate various pollutants
6
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{heavy metals, pesticides and hydrocarbons) to high levels in
the tissue relative to the ambient level in the environment,
and presumably pass the material up the food chain.
Donax variabiZis {coquina clam)
Literature: Chanley 1967, 1969a, 1969b
Coe 1953 .
Day et al. 197,l
Dexter 1969
DOrjes 1972
Loesch 1969 {in Riedl & McMahan 1969)
Pearse et al. 1942
Turner and Belding 1957
Distribution: Va. to south Fla.; seasonally to N. J.
Migration: moves up and down the beach with the tide; most
concentrated in mid-intertidal area
Habitat: high energy beaches, temporarily burrows in surf ·
zone
Food Habits: filter feeder
Reproduction: fertilization external
Season: June to November in Va.; maybe longer in
southern areas with more stable populations
Fecundity:
"a few million eggs" per female
Larval Development: larvae planktonic for 3-8 weeks,
dispersed widely by tides and currents
Growth Rate: recruited on beaches in Sep tember; little
growth until June; max. size 15 mm, reached in
late July.
Longe v ity: proba bly 1 yr.
Mortality :
Predation: gastropods {Thais fZoridana, Polynices
duplicata, Oliva spp . ) , crabs {CaZZinectes sapidus ,
Arenaeus cribrarius, Ocypoda quadrata), fish
{Menticirrhus spp. , Leiostomus xanthurus, Pogonias
oromis) and birds {Cataptrophorus semipaZmatus,
Calidris alba , Squatarola squataroZa)
Abundance:
Radio Island, N. c., medium energy beach: av . 31 . 0l/m 2
Cape Lookout , N. c . , high energy beach: 62/9 samples
Sapelo Island , Ga ., high energy beach , 2500/m2
Dosinia dis.:us
Literature:

Abbott 1954
Bird 1970
Brett 1963
Distribution: Va. to Tex.; Bahamas
Habitat: burrows in medium to fine sand
Tolerance: salinity: 25-35°/oo
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Food Habits: suspension feeder
Abundance:
Bogue Sound, N. C.: up to 3-10g/3m 2 (dry biomass)

Ma coma bal t hica
Literature: Abbott 1954
Bird 1970
Brafield and Newell 1961
Bousfield 1955
Caddy 1967
Gilbert 1973
Lammens 1967
Horton 1970
Newell 1965
Porter 1969
Tenore 1972
Yonge 1949
Distribution: Arctic Sea to Ga.; Bering Sea to Calif.
Habitat: burrows in intertidal mud flats and subtidally
Tolerance: salinity:
6-34°/oo (perhaps lower)
Preference: salinity: 3-13°/oo (Neuse River, N. C.)
Food Habits: originally considered deposit feeder; now
considered a filter feeder-deposit feeder.
Reproduction: external fertilization, multiple spawns/
season
Season: March and Ap ril - Dutch Wadden Sea
. May - Mass.
Growth Rate: greatest growth during 2nd year, declines in
3rd year; no growth in winter; annual growth ring
formed in late summer (Dutch Wadden Sea); year
round growth with max. May-August; reaches max.
size 22-25 m (Falmouth, Mass . )
Mortality:
Predation: Urosalpinx cinerea, birds, demersal fishes
Abundance:
Pamlico River - max. av. density: 503/m 2
Neuse River - max. density 1500/m 2
Modiolus demissus (ribbed mussel)
Literature: Abbott 1954
Chanley 1973 (pers. comm.)
Chanley and Andrews 1971
Kuenzler 1961a
Loosanoff and Davis 1963
Wells 1961
Di s t r i bution: Gul f of St . Lawrence t o Yucat an
Habita t: regul arl y flooded salt mar she s
Tole r anc e : sal inity deat h po i n t 5°/oo
253

Food Habits: filter feeder
Reproduction: external fertilization
Season: May to October in Va., probably in f:wo periods,
spring and late summer
Larval Development: planktonic larvae, duration: min. 1218 days, typically 2-6·weeks
Growth Rate: decreases with age; most rapid during summer
(see Table 4.29)
Mortality: highest in.smaller animals, mainly in summer
(see Table 4.29)
Predation: clapper rails, raccoons, other birds and
mammals
Abundance:
See Table 4.30 ,for Sapelo Island, Ga., salt marsh data

MuZinia ZateraZis (coot clam)
Literature:

Bird 1970
Calabrese 1969, 197 0
Chanley and Andrews 1971
Dt>rjes 1972
Porter 1969
Sanders 1956
Tenore 1972
Distribution: Me. to Tex.
Habitat: burrows in estuarine and ocean bottoms; prefers
medium grain sand to mud
Tolerance: salinity - 15-37.5°600
Preference: salinity - 22.5-30 /oo
Food Habits: suspension feeder
Reproduction: external fertilization; several spawns/season
Season: Mid July - early September: Canada
May-November: Md.
March-November: Va.
Larval Development: larvae present in plankton from early
July to late October (Long Island Sound)
Tolerance: salinity: 7 . 5 (or less) to 37.5°/oo
Preference: salinity: 2 0-27 . 5°/oo
Growth Rate: newly set individuals can reach sexual
maturity in 6 weeks
Mortality:
Predation: gastropods, mud crabs, starfish, fish
Abundance:
Pamlico River, N. C.: max. 26/m 2 , shallow water
Neuse River, N. C.: 50/m 2
Bogue Sound, N. C.: 0.001-0.038 g/3m 2 , (dry biomass)
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Table 4.29.

Changes in the mussel population weight.
(from Kuenzler 1961a).

Recruit ment
BODY
January- February
March-April
May-June
July-August
September-October
November-December
Per Year

t\J

UI
UI

SHELL
BYSSUS

Pe r Year
Per Ye a r

0.58
0.91
1. 6

0. 6 8
1. 8

0.40
6.0
66

Values are mg/m 2

Growth

Mortality

-287
-6 3
889
-620
427
99

-0.34
-53
-121
-4 72
-50 8
-46

Net
-287
-115
770
-1,091
- 79
53
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-1,200

-749

7,550

-20,400

-12,800

320

320

Table 4.30.

Local abundance by habitat zone, Modiolus demissus

Ma rsh Type
No.
1
2
3
4
5
6
I\.)

U1
O'I

7

8

9

Descript ion

Mu ddy cre e k bank s
Tall Spartina , * edge
Medium Spartina , l evee
Short Spartina , low
elevation
Sho rt Spartina , high
elevation
Salieornia spp.Distichlis ~picata
Jun ' --< .-, roemer-z.anus
Ta l l Spartina , creek
heads
Medium Spartina , med ium elevation
Tota l
Mean

*

% of
total
marsh

Number/0. 2m2 Densit:i_/m2
Mean Variance Number Wt(g)

4
9
21

0
0
1.14

16

% of total

eoEulation
Number Weight

12.32

0
0
5.7

0

4. 35

0
0
17

0
0
22

1. 24

9.29

6. 2

3.0

15

12

20

0.08

0.11

0.4

0.15

1

.1

9
4

0.2 3
2.64

0 . 37
26.4

1.1
13

0.40
6.15

2
9

1
7

47

46

9

12

6
11

10. 4
1.11

146
5.72

52
5.6

0

(from Kuenzler 1961a).

31.6
4.55

100

100
1. 33

6.66

100

4.11

Tall Spartina , 1 - 3 m; Medi um Spartina 0. 5 -10 m; Short Spartina , less than 0.5 m.

Mya arenaria (soft clam)
Literature: Ayers 1956
Belding 1930
Chanley and Andrews 1971
Newcombe 1935 .
Pfitzenmeyer 1965
Pfitzenmeyer and Drobeck 1963
Port.er and Tyler 1971
Swan 1952
Wass 1972
Distribution:
Labrador to S. c.
Habitat: sand and mud bottoms, intertidal in estuaries;
salinities >5°/oo
Food Habits: filter feeder
Reproduction: dioecious, external fertilization
Season: April-May and September-December, Md. and Va.
Fecundity: 3 x 10 6 eggs/female/yr.; sexually mature
for 5 yr.
Larval Development: planktonic for about 2 wks (Mass.);
few larvae from spring spawn actually survive
(Wass 1972); of spat set, only 1% survive to
reproduce (Mass.)
Growth Rate: Bay of Fundy: length at 1 yr.= 4.4 mm growth
>10 mm/yr. for next 3 yr., then decreases to 7 mm/
yr for next 3 yr. Growth more rapid in southern
part of range; growth affected by nature of
substrate
Mortality:
Predation: crabs, fish, birds, man
Abundance: up to 300 bushels/acre in Potomac River; great
variation over short distances
Rangia auneata
Literature:

Cain 1972
Chanley 1965
Fairbanks 1963
Gallagher and Wells 1969
Godwin 1968
Gooch 1971
Hopkins et al. 1973
Hopkins and Andrews 1970
Olsen 1972
Williams 1972
Wolfe and Petteway 1968
Distribution: Elk Pt., Md., to north Fla.; west coast of
north Fla. to Tex.
Habitat: oligohaline estuarine zone
Tolerance: salinity - 0-38°/oo
Preference: salinity - 0-15 (20) 0 /oo
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Food Habits: filter feeder; utilizes algae and detritus;
some evidence of deposit feeding
Reproduction: external fertilization; spawning triggered
by salinity rise from Oto 5°/oo or decrease from
15 to 5°/oo; sperm in ~~ter may also stimulate
spawning
Season: February to November when conditions are
appropriate
Larval Development : pianktonic period lasts min . 7 days at
22-24.4C; optimal ·surviva l conditions : 8°/oo, 24C;
Tolerance: 1-3°/oo to 10-12°/oo
Growth Rate: Reach 68 mm in 10 yr . (Trent River, N. C.)
Longevity: 15 years
Mortality:
Predation : blue crabs, f ish es, waterfowl, mainly ducks;
clams >30 mm rarely preyed on
Abundance:
Pamlico River, N. c . : 279/m 2
Neuse River, N. C. : 300/m 2
Altamaha River, Ga.: 147/m 2 (intertidal)

Spisula raveneli (surf clam)
(=Spi s ula s olidiss ima raveneli )
Literature:

Day et al. 1971
Brett 1963
Distribution: Cape Hatteras to northern Mexico
Habitat: sand-shell bottom; turbulent zone
Food Habits : detritus feeder
Reproduction: external fertilization
Season: s p ring and summer?
Larval Development: planktonic stages not described
Abundance :
off Cape Lookout, N. C.
3 m
22/5 samples
5 m
31/ 4
10 m
8/4
20 m
31/7

Tellina agilis (northern dwarf tellin)
Literature:

Abbott 1954
Boss 1966, 1968
Day et al. 1971
Dexter 1969
Di str i buti on: Gulf of St. Lawrence to Sapelo Island, Ga .
Habitat: sand bottoms, turbulent zone and continental
shelf
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Abun dance:

off Cape Lookout, N. C.:
3 m
5/ sample
5 m
6/6
10 m
5/5
5/2 20 m
40 m
2/2
80 m
1/1
125 m
2/1
160 m
1/1
Radio Island, N. C. : 0.85/m2

Tellina alternata (alternate tellin)
Literature:

Abbott 1954
Bird 1970
Boss 1966, 1968
Brett 1963
D~rjes 1972
Porter and Tyler 1971
Yonge 1949
Distribution: N. C. to Fla.; Gulf of Mexico
Habitat: burrows in medium to fine sand; euhaline; 20-140 m
Tolerance: salinity: 25-35°/oo
Food Habits: selective deposit feeder
Abundance:
Bogue Sound, 0.003-0.603 g/3m 3 (dry biomass)

4.5.7.
4.5.7.1.

Phylum Arthropoda
Class Arachnida

This class is terrestrial, but a number of species are
abundant carnivores in salt marsh habitats . These have been
studied only from a taxonomic standpoint in salt marshes.
The habitat given for the species listed below should not be
construee to be the only @r even the principal habitat for
each. The literature citations for all species are Barnes
(1953a or 1953b) and Barnes and Barnes (1954).

Argiope semin ola

Habitat: herbaceous strata of Sp art i na alterni f lora marsh
Food Habits: carnivore
Abundance :
Carteret Co . , N. c.: 0.7/sample (5.4% of spider fauna )
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Diatyna savanna
Habitat: herbaceous strata of Spartina alterniflora marshes
April to October
Food Habits: carnivore
Abundance:
Carteret Co., N. C.: 1.3/sample (10% of spider fauna)
Eustala anastera
Habitat: herbaceous strata of Spartina alterniflora marsh
Food Habits: web builder; carnivore
Abundance:
Carteret Co., N. C . : 5 . 8/sample (44.6% of spider fauna)
Grammonota trivittata
Habitat: herbaceous strata of Spartina alterniflora marsh;
intertidal drift line
Food Habits: web builder; carnivore
Abundance:
Carteret Co. , N. C. :
S. alterniflora: 1.1/sample (8.6% of spider fauna)
drift line: 0.5/sample (2.9% of spider fauna)
Hyatia pikei
Habitat: high marsh; herbaceous
Food Habits: carnivore, jumping spider
Abundance:
Spartina alterniflora: 1.8/sample (14.8% of spider fauna)
Spartina patens: ca. 1/sample (ranked second in
abundance in S. patens marsh)
Lyaosa modesta
Habitat: upper portion of Spartina alterniflora marsh;
cursorial wolf spider; Qrift line
Food Habits: carnivorous, nocturnal hunter
Abundance:
Newport River, N. C. : drift line, 9.9/sample (55.6% of
spider fauna)
Paeailoahna unimaaulata
Habitat:
S partina drift line; Spartina alternifl ora marsh
Food Habits : carnivorous
Abundance :
Carteret Co., N. C. :
S . alterniflora:
0.1/sample (0.78% of spider fauna)
drift line: 1.5/sample (8.4% of spider fauna)
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Singa keyserZingi
Habitat: herbaceous strata of Spartina aZternifZora marsh;
drift line
Abundance:
Carteret Co., N. C. :
S. aZternifZora: 0.4/sarnple {3.1% of spider fauna)
drift line: 0.1/sample {0.56% of spider fauna)
TibeZZus duttoni
Habitat: herbaceous strata of salt marshes; most abundant
spider in S. patens marsh
Food Habits: carnivorous; hunting spider
Abundance:
Carteret Co., N. C.:
S. aZternifZora: 0.1/sample {0.78% of spider fauna)
S. patens: most abundant species both in frequency
and density
4.5.7.2.

Class Insecta

The insects are terrestrial but a number of species have
invaded the salt marsh habitat and vegetations bordering
estuaries and the maritime strand. The two species discussed
here are major herbivores in the salt marsh habitat {Smalley
1959a, 1959b, 1960; Teal 1962). Mosquitoes and midges are
conspicuous members of the fauna of salt marshes, but these
are not discussed in this report.
ProkeZesia marginata {plant hopper)
Literature: Davis and Gray 1966
Distribution: throughout study area; actual range data not
found
Habitat: Dominant insect in S. aZternifZora marsh; less
abundant in higher marsh zones; can survive 4 hr.
immersion in water, though avoids being immersed.
Food Habit: sucks sap of S. aZternifZora; assimilates
ca. 6% of annual Spartina production
Reproduction: eggs laid on leaf blades; eggs tolerate
immers ion
Abundance:
Beaufort, N. C.: 30-95% of insect fauna
500/sample:
S . aZternifZora
85/sample:
DistiahZi s spiaata
1 . 75/sample:
S . patens
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Orchelimum fidicinium (grasshopper)
Literature:

Davis and Gray 1966
Smalley 1959a, 1959b, 1960
Distribution: throughout study area; actual range data
not found
Habitat: Spartina marshes
Food Habits: eats live Spartina tissue; consumes about 1%
of annual Spartina production
Reproduction: eggs deposited in late August, overwinter and
hatch as nymphs (juveniles) in April
Growth Rate: approx. linear growth from May to August;
0.57 mg/day
Longevity: dies in September after oviposition
Abundance:
N. C.:
14/sample ins. alterniflora
Ga:
65/m2 in May
2-5/m 2 in late August
represent 0.13 to 7.9% of all marsh insects (probably
a greater proportion if based on biomass)

4.5.7.3.

Class Crustacea

This class is typically aquatic with numerous marine species .
Its members are abundant and often dominant in many habitats
considered here. It includes representatives of every trophic
level.
Several subclasses and orders are considered separately for
convenience. Commercially important species are discussed in
the Fisheries section (Chapter 6).
4.5.7.3.1.

Subclass Cirripedia (barnacles)

The acorn barnacles are sessile forms found on various hard
substrates. Many species are intertidal or just subtidal in
distribution and exhibit sharply defined zonation with depth.
Their shells and the spaces between them provide substrate
for a variety of other components of the hard substrate faunal
assemblage. Barnacle fouling of boats and other man-made
structures is frequently a major problem.
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Balanus amphitrite (striped barnacle)
Literature: Bousfield 1954
Costlow and Bookhout 1958a, 1958b
McDougall 1943
Pilsbury 1916
Visscher 1928, - 1938
Distribution: Vineyard Sound, Mass., to Gulf of Mexico;
European coast; west coast of North America; South
Africa;- southern Brazil
Habitat: hard substrates of various types
Food Habits:
filter feeder
Reproduction: copulation between adjacent barnacles; egg
masses incubated in mantle cavity
Season: June-July; Beaufort, N. C.; more probably late
spring to early autumn
Fecundity:
2 egg masses/barnacle/spawn; no. of eggs/
egg mass not reported (probably in the thousands)
Larval Development: 6 naupliar and 1 cyprid stages,
planktonic; naupliar stages last 7-10 days@ 26C,
cyprid 1-8 days; cyprid attachment rate greatest
during July-August in Beaufort
Mortality:
Predation: gastropods; Styloahus (flatworm); bottomfish,
crabs
Balanus eburneus
Literature: Bookhout and Costlow 1959
Bousfield 1954
Costlow and Bookhout 1957
Henry 1959
McDougall 1943
Distribution: Salem, Mass., to Gulf of Mexico; West Indies
to Caribbean coast of S. America; Mediterranean
and Black Seas, Hawaii
Habitat: hard substrates; intertidal to ca. 30 m.
Tolerance: euryhaline
Food Habits: filter feeder
Reproduction: similar to B. amphitrite
Larval Development: 6 naupliar and 1 cyprid stages;
planktonic; duration of larval period 7-13 day;
peak setting of cyprids July & October at Beaufort,
N. C.; suggests two generations/yr.
Balanus improvisus
Literature: Bousfield 1954, 1955
Jones and Crisp 1954
Pilsbury 1916
Visscher 1928, 1938
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Distribution: Nova Scotia to southern Patagonia, Guayaquil,
Western Colombia; Scotland to France; Black and
Red Seas.
Habitat: attached to hard substrates, low tide to 40 m,
mainly in estuary
Tolerance: landward populations tolerate variable
salinity 0-15°/oo; tolerance depends on prior
acclimation; temperature tolerance 10-35C
Food Habits: filter feeders; algae & detritus
Reproduction: similar to B: amphitrite
Season: June-July at Beaufort, N. C.
Fecundity: 1,000-10,000/female/spawn
Larval Development: 6 naupliar and 1 cyprid stages;
planktonic; duration varies inversely with
temperature: 2 wks@ 16C, >l mo. @ l0C
Tolerance: temperature:
10-30C
salinity : 0-16°/oo
Distribution: described in Miramichi estuary (Canada)
by Bousfield; validity for study area unknown
Growth Rate:
Longevity: ca. 2 yr.
Mortality:
Predation: larvae: fish, larval decapods, shrimps,
ctenophores, arrowworms, copepods, Polydora , adult
barnacles, bivalves
adults: starfish, Styloahus (flatworm),
gastropods , crabs, fish
4.5.7.3.2.

Order Mysidacea

Several mysids found in the study area are preyed on by
commercial finfish species. This group has not been well-studied
in the area. The species discussed, while very abundant, has
only recently been identified from the area.

Neomysis ameriaana
Literature: Herman 1963
Hopkins 1956
Hulbert 1957
Stickey et al. 1973
Wigley and Burns 1971
Williams 1972
Distribution: Gulf of St. Lawrence to at least southern
Georgia; estuarine throughout range, offshore at
least in northern part of range
Migration: diurnal vertical migration: in plankton at night,
epibenthic by day. Hulburt postulated longitudinal
estuarine migration, but not confirmed by other
researchers
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Habitat:

epibenthic by day, planktonic by night; estuarine
and shallow nearshore waters
Tolerance: salinity:
0-36°/oo
temperature: 0 to >25C
depth:
intertidal to 90 m (232 m?)
Reproduction: eggs brooded ·in marsupium; released as
juveniles
Season: year round, especially April-October
Fecundity: spring generation: 26 eggs/female
fall generation:
6 eggs/female
Growth Rate:
Longevity: 2 generations/yr (Wigley and Burns 1971)
3 generations/yr (Hopkins 1956)
1 generation/yr
(Williams 1972)
Mortality:
Predation: fish; primary food in stomachs of bothid
flounders in Ga.
Abundance:
in night plankton:
Beaufort Inlet: 10-l00's/sample
10-l00's/sample (1000, February 1963)
Dunn Inlet:
Lockwoods Folley Inlet: 10-l00's/sample
4.5.7.3.3.

Order Cumacea

Oxyurostylis smithi
Literature: Calman 1908
Dexter 1969
Smith 1971
Distribution: Woods Hole, Mass., to Fla.; Gulf of Mexico
Habitat: intertidal and subtidal sand bottoms; estuarine
and near shore in protected areas
Food Habits: deposit feeder (?)
Reproduction: incubates eggs in marsupium; hatch as
juveniles
Season: January-April (Ga.)
Abundance:
Radio Island, N. C.: 0.46/m 2 ; ranks 20th in abundance
on medium energy beach
Sapelo Island, Ga.: max. 4288/m 2 (March), av. <100/m 2
(May-November); at 7 m depth in turbulent zone
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5.7.3.4.

Order Isopoda

Cyathura polita
Literature: Burbanck 1962
Miller and Burbanck ·1961
Schultz 1969
Distribution: Me. to La.
Habitat: mud and muddy-sand bottom, in unlined burrows;
often near marsh vegetation; euryhaline
Food Habits: detritus feeder; also preys on gammarids,
other Cyathura and feeds on dead fish
Reproduction: broods eggs; development direct
Season: late May-late August (Cape Cod, Mass.}
Mortality:
Predation: winter flounder, black ducks, and probably
other fish and birds
Abundance:
Mass.: 108-1080/m 2
Paraaeraeis aaudata
Literature: Marsh 1970
Orth 1971
Richardson 1901
Distribution: N. J. to Yucatan, Mexico
Habitat: sea grass beds; coral reefs; algae masses; 0 to 46 m

Reproduction:

broods eggs to juvenile stage

Season: summer
Growth Rate: recently released juveniles found June to
September; overwinter in immature state; mature
males first appear in March
Abundance:
York River, Va.; on Zostera - 54.3/g Zostera in October
1/g Zostera in May
bottom in Zostera bed - 128/m 2 in March
0/m 2 in July
4.5.7.3.5.

Order Amphipoda

Most species discussed here are intertidal and/or supratidal.
These species often numerically dominate these habitats.
Subtidal species, represented here by Gammarus da iberi , are
also sig~ificant components of the fauna in some habitats, and
are a major dietary item for commercial fish species.
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Aaanthohaustorius millsi
Literature:

Bousfield 1973
Croker 1966, 1968
Dexter 1967
Sameoto 1969a, 1969b
Distribution: Saco Bay, Me:, to Cape Canaveral
Habitat: high energy beaches~ mean low water to 50 m;
medium to fine sand
Food Habits: suspension feeder
Reproduction: internal fertilization, eggs and larvae
brooded
Season: April to August
Fecundity: 3-23 eggs/female; several broods/season
Growth Rate:
Longevity: 12-17 mo.
Abundance:
Radio Island, N. C.: 100/m 2 {2nd most abundant sp)
Sapelo Island, Ga.:
July: 680/m 2
{listed as A. sp.;
Aug:
520/m 2 not necessarily
Sept: 500/m 2 A. millsi)
Nov:
40/m2

Ampelisaa abdita
Literature:

Bousfield 1973
Mills 1964, 1967a, 1967b
Distribution: Sheepscott River, Me., to S. C. {and
probably Ga.); reported from Mississippi Delta
Habitat: protected beaches and estuaries; low intertidal
to 60 m; meso- to euhaline, forms tubes up to 3 mm
long in fine sand or mud.
Food Habits: primarily detritus feeder; also filter feeder
Reproduction: copulates while swimming, 2 generations/yr.
Season: winter females ovigerous May to June
summer females ovigerous mid-June to September
Fecundity: 26+4 eggs/female; single brood/generation
Growth Rate: summer generation reaches sexual maturity
in 40-80 days; growth linear. Winter generation
shows slow growth during late fall and winter;
growth becomes linear as temperature rises
Longevity: winter generation: 8 mo.
summer generation: 4 mo.
Mortality: dies shortly after breeding
Predation: ducks and shorebirds, fish
Abundance: no quantitative data for survey area
Barnstable Harbor, Mass.
winter: 100-109,200/m2
summer: 1200-66,400/m2
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Ampelisaa vadorum
Literature:

Bousfield 1973
Mills 1964, 1967b
Distribution: Gulf of St. Lawrence to Ga.
Habitat: subtidal fine-medium sand bottoms; grass beds;
polyhaline; 0-70 m; forms tubes up to 5 mm long.
Food Habits: .. detritus feeder; filter feeder
Reproduction: · internal fertilization; eggs and larvae brooded,
2 generations/yr.
Season: winter generation: April-May
summer generation: June-September?
Fecundity: 20-46 eggs/females
.
Growth Rate: summer population reaches sexual maturity in
40-80 days; growth linear; winter population shows
slow growth in fall . and winter
Longevity: summer generation:
4 mo.
winter generation: 8 mo.
Mortality: dies after spawning
Predation: ducks and shorebirds; fish

Amphiporeia virg~n~ana
Literature:

Bousfield 1973
Day et al. 1 9 71
Dexter 1967
Distribution: Nova Scotia to S. C.
Migration: up and down beach with tide
Habitat: high energy beaches; mid water to subtidal; often
near fres hwater inflows
Food Habits: suspension feeder
Reproduction:
Season: April-June
Fecundity : 1 brood/yr.
Growth Rate:
Longevity: 1 yr .
Abundance:
Cape Lookout, N. C.:
407 / 7 samples

Gammarus daiberi

Literature: ·aousfield 1969, 1973
Di stribution: Del awar e Bay (po ss i b l y Long I s l and So u nd) to
Migr at i on:

S. C.

assumed to mi g r ate to bottom during wi nter;
d i urna l mi g r at i on i n water col umn
Habitat: epi benthic and planktonic
Tolerance: sali n i ty:
0-15 (?) 0 /oo
Preference: salinity: 1-50/oo
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Reproduction: brood eggs and larvae
Season : March-October
Fecundity: several broods/yr.

Haustorius sp.

(though known for many years, remains unnamed
and undescribed)
Literature: Bousfield 1973
Croker 1967, 1968
Day et al. 1971
Dexter 1967, 1969
Dorjes 1972
Wass 1972
Distribution: Va. southward (at least through Ga.)
Food Habits: suspension feeder
Reproduction: broods eggs and larvae
Season: January-May
Fecundity: av. 9.3 eggs/female
Abundance:
Radio Island, N. C.:
4.18/m 2 , mean low water to high water
Barrier beaches, N. C .: 100/m 2 , high water
Cape Lookout, N. C.:
47/8 samples (as H. canadensis var.

Zongirostris)

Sapelo Island, Ga.:

July-November

Neohaustorius schmitzi
Literature:

130-180/m 2

(maxima)

Bousfield 1973
Croker 1967, 1968
Dexter 1967, 1971
Dorjes 1972
Distribution: Cape Cod to north Florida
Habitat: high energy beaches, medium to fine sand
Food Habits: suspension feeder
Reproduction: broods eggs and larvae
Season: May-September (Bousfield); February-October (Dexter)
Fecundity: 4-6 eggs/female, several broods/yr.;
N. C.: 3-5 eggs/female, summer; 6-8 eggs/female,
winter
Growth Rate:
Longevity: 1 yr.
Abundance:
Radio Island, N. C.:
January-June, 1965: 420/m2
July 1965-May 1966: 1300/m2
June-October, 1966: 270/m 2
Sapelo Island, Ga.:
July: 900/m 2
August: 650/m2
September: 1500/m2_
November: 500/m 2
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Parahaustorius iongimerus
Literature: Bousfield 1973
Dexter 1967, 1969
DOrjes 1972
Sameoto 1969a
Distribution: Cape Cod Bay and Georges Bank to Cape Canaveral
Habitat: high energy beaches; burrows in sand to depth of
>10 ·cm; lower intertidal to 8-9 m.
-Food Habits: suspension feeder
Reproduction: broods eggs and larvae
Season: late April-September, peak in June (Woods Hole,
Mass.) April-June (N. C.)
Fecundity: 3-18 eggs/female; eggs/female proportional to
body wt.; 2 broods/yr. (Woods Hole, Mass.)
8.3+ 1.77 eggs/female (N. C.)
Growth Rate:
Longevity: 1 yr. (Woods Hole, Mass.)
Abundance:
Radio Island, N. C.: l.42/m2
TaZorahestia iongiaornis (beach f lea)
Literature: Barnes and Barnes 1954
Bousfield 1973
Distribution: Newfoundland to north Florida
Habitat: low energy sandy beaches; dunes; under material
of drift line; mean high water to 100 m inland;
salinity tolerance 3°/oo and above
Reproduction: broods eggs and larvae
Season: May-August
Fecundity: several broods/summer
Growth Rate:
Longevity: 1 or 2 yrs.
Mortality:
Predation: spiders, shore birds, Oaypode
TaZorahestia megaZophthaZmus (beach flea)
Literature: Barnes and Barnes 1954
Bousfield 1973
Distribution: Gulf of St. Lawrence to Ga.
Habitat: flat high salinity beaches, supratidal; polyhaline
Reproduction: broods eggs and larvae
Season: May-August
Fecundity: several broods/season
Mortality:
Predation: spiders; shore birds
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4.5.7.3.6.

Order Decapoda

This order includes the large, motile, conspicuous crabs,
shrimp and lobsters.
Some species are found in virtually
every marine habitat at some stage in their life history. A
number of species are discussed in Chapter 6 on Marine Fisheries,
including blue crabs and shrimp which rank second and third in
pounds landed annual~y in the four state study area.
ALpheus heterochaeiis (big-clawed pistol shrimp)
Literature: Knowlton 1970
Williams 1965
Distribution: Wachapreague, Va., to Tex.; West Indies
to Sao Paulo, Brazil
Habitat: among shells and stones on oyster reefs or in mud
burrows among shells; 0-32 m.
Food Habits: predatory on invertebrates and fishes
Reproduction: eggs incubated on abdomen, 25-29 days@ 25C
Season: May-September
Fecundity: probably <500 eggs/female
Larval Development:
3 zoeal stages and postlarva; develop
without food or feeding on detritus
Growth Rate:
5 mm@ 2 wk after postlarval stage
5.6 mm@ 1 m
7 mm @ 2 m
caiiianassa atZantica
Literature: Biffar 1971
Williams 1965
Distribution: Vineyard Sound, Mass., to S. C.; Fla., (Franklin
County)
Habitat: muddy-sand shore and bottoms; polyhaline; 0-42 m
Reproduction: eggs carried on abdomen
Season: July (Mass., and S. C.)
Larval Development: unknown number of zoeal stages
CaZZianassa major
Literature: Dorjes 1972
Frankenberg et al. 1967
Lunz 1937
Pearse et al. 1942
Pohl 1946
Smith 1971
Weimer and Hoyt 1964
Williams 1965
Distribution: Beaufort Inlet, N. c., to St. Johns River,
Fla.; Grand Terre Island to Timbalier Island, La.
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Habitat:

burrows in sandy shores near open ocean; lower
half of intertidal to 2 m; burrows deep, to
144 cm; several comrnensal species found in burrows
Food Habits: detritivore
Reproduction: eggs carried on abdomen
Season: June-July, N. C.
July-August, s. c.
Fecundity:'· 8,170 eggs reported from one female
Abundance:
Beaufort, N. C.:
0.44/m 2
S. C.:
0.27-0.38/m 2
Ga.: 16.3/m 2

caiiianassa sp. (undescribed, but known for 20-30 years)
Literature: Smith 1971, 1973
Distribution: southeastern United States; limits not yet
defined
Habitat:
turbulent zone of continental shelf; permanent
burrows
Food Habits: suspension feeder
Reproduction: eggs incubated on abdomen
Season: summer and fall
Larval Development: zoeal stages undescribed; Smith 's
suggestion that zoeae develop within adult's
burrow seems unlikely although this has been
reported for species of the genus found in
South Africa (Forbes 1973).
Growth Rate:
Longevity: 2-3 yrs.
Abundance:
off Sapelo, Island, Ga., 7 m depth:
3.2-451.2/m 2
CZibanarius vittatus (striped hermit crab)
Literature: Kirchner 1967
Pearse et al. 1942
Provenzano 1959
Wells 1961
Williams 1965
Distribution: N. C. to Rio de Janeiro, Brazil; rarely
reported from Chesapeake Bay, Va.
Habitat: estuarine beaches; mud flats; rock jetties;
a-several meters; salinity tolerance: 17°/oo-35°/oo
Food Habits: sand scraper; scavenger
Reproduction: eggs incubated on abdomen
Season: October (Fla.); probably May to October
Larval Development:
5 zoeal stages and megalopa (glaucothoe)
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Dissodaatylus mellitae
Literature: Day et al. 1971
Hyman 1924
Williams 1965
Distribution: Vineyard Sound, Mass., to Charleston, s. C . ,
western Florida ·
Habitat: turbulent zone of continental shelf; commensal with
Mellita_ quinquiesperforata and other sand dollars
Reproduction: eggs incubated on abdomen
Season: summer
Larval Development: only 1st zoea described; unknown number
of planktonic stages
Abundance:
off N. C . :
3 m
48/8 samples
5 m
4/4 samples
16/4 samples
10 m
Emerita talpoida (sand mole crab or sand fiddler)
Literature: Day et al. 1971
Dexter 1969
Edwards and Irving 1943
Johnson 1939
Pearse et al. 1942
Rees 1959
Williams 1965
Distribution: Harwick, Mass., to east coast of Florida
Migration: Migrates up and down beach slope with tides
northern populations: summer--at waters edge
winter--at 2-4 m depth
southern population: always intertidal
Habitat: high energy beaches; non-permanent burrows;
aggregate
Food Habits: filter plankton from surf by means of hairs
or antennae
Reproduction: eggs incubated on abdomen for 3-4 weeks
neoteinic males parasitic on female; suggesting
protandry
Larval Development: 6 zoeal stages (planktonic) and
megalopa which assumes adult life-style
Growth Rate: 3 mm at recruitment to beach
summer growth rate at N. C.: 2.4 mm/mo.
Longevity: 1 yr. at Beaufort, N. c.
2 yr. at Woods Hole, Mass.
Abundance:
Radio Island, N. C.: av. 7.04/m 2 (medium energy beach)
Pt. Lookout, N. C.: 118/8 samples (high energy beach)
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Eurypanopeus depressus (flat mud crab)
Literature:

Costlow and Boekhout 1961
McDermott 1960
Williams 1965
Distribution: Massachusetts Bay to Tex.
Habitat: oyster reefs and hard substrates; 0-30 m
Preference: . salinity: 4.5-20.4°/oo
Food Habits: preys on oyster spat
Reproduction: eggs incubated on abdomen
Season: late spring, summer
Larval Development: 4 zoeal and 1 megalopal stage;
planktonic
Growth Rate: reach maturity at 1 yr.

Bippolyte pleuroaantha (grass shrimp)
Literature:

Gurney 1936
Hay and Shore 1918
Williams 1965
Distribution: N. J. to Tex.; Bermuda
Habitat: seagrass beds (e.g., Zostera) and among rocks
or jetties
Reproduction: eggs incubated on abdomen
Season: April-October (Beaufort, N. C.)

Neopanope sayi (mud crab; formerly N. texana sayi)
Literature:

Abele 1972
Chamberlain 1961
McDermott 1960
McDermott and Flower 1953
Williams 1965
Distribution: Miramichi estuary, Canada to Florida Keys
Habitat: mud bottoms; oyster reefs; pilings; 0-30 m
Preference: salinity: 14.7 to 31.6°/oo
Food Habits: preys on barnacles and young oysters
Reproduction: eggs incubated on abdomen
Season: spring-summer
Larval Development: 4 zoeal and 1 megalopa stage;
duration: 14 days@ 30C, 27 days@ 21C

Oaypoda quadrata (ghost crab)
Literature:

Cowles 1908
Haley 1967
Milne and Milne 1946
Say 1917
Williams 1965
Wright 1968
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Distribution: Block Island, R. I. to Santa Catarina, Brazil
Habitat: supralittoral zone, high energy beaches; form deep
burrows; active nocturally; periodically enter
water to moisten gills; seasonal activity mid March
to mid December <rexas)
Food Habits: omnivorous scavengers and predators on insects
and intertidal fauna; cannibalistic
Reproduction: copulate outside burrows at night; eggs
incubated on abdomen; larvae released in water on
hatching
Season: copulation observed April-May and August-October;
ovigerous females observed June to mid-October
Fecundity: 3 broods/female/yr?
Larval Development: zoeal larvae planktonic, undescribed;
megalopa recruited into adult community
Mortality:
Predation: birds, small mammals

•

Pagurus longiaarpus (hermit crab)
Literature: Biggs and McDermott 1973
Day et al. 1971
DOrjes 1972
Rebach 1969, 1971
Reinhard 1942
Roberts 1968, 1970, 1971a, 1971b, 1971c, 1974
Williams 1965
Distribution: Nova Scotia to northern Florida and Gulf Coast
Migration: seasonal; migrates to deep water when ambient
temperature drops to ca. lOC; migration completed
at 3C; crabs bury in mud or mud-sand bottoms;
migrate to shallow water again when temperature
rises to lOC.
Habitat: subtidal mud and sand substrates
Tolerance: 15 to 36°/oo salinity; tolerates at least 1.6
to 30C (these are not thermal death points); T/S
interaction interesting (Biggs and McDermott 1973).
Food Habits: omnivorous sand scraper and scavenger; feed on
algae, meiofauna, detritus, and carrion
Reproduction: Copulation accomplished by apprising ventral
surfaces of cephalothorax of male and female; no
intromittent structures, so sperm transfer mechanism
unclear; egg shed into cavity of shell, then attached
to pleopod setae by deliberate movements of pleopods;
eggs incubated for ca. 2 weeks@ 20C; hatched zoeae
"pumped" from shell by movements of female and
perhaps respiratory currents; female will eat
zoeae if confined
Season:
(March) May to October in Va.
Fecundity: ca. 500-1000 eggs/female; store sperm; spawn
several times/yr. at 2-3 week intervals
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Larval Development: 4 zoeal and 1 megalopal stage; duration
3 weeks or more at 20C, less at higher temperatures;
larvae feed on zooplankton {ingested phytoplankton,
of little or no nutritive value); recruited to
benthos during megalopae stage at which time they
assume shell .
Tolerance: · salinity - 18°/oo lower limit to at least
35°/oo
Mortality:
Predation: Opsanus tau {oyster toad fish): crabs
Diseases: sacculinids
Abundance:
Cape Lookout, N. C.: 3 m 24/7 samples
Palaemonetes pugio {glass shrimp)
Literature: Broad 1957a, 1957b
Broad and Hubschman 1962
Williams 1965
Distribution: Essex Co., Mass., to Port Aransas, Tex.
Habitat: sea grass beds; macroalgae mats; around pilings
and jetties
Tolerance: euryhaline; at least 3°/ oo and above
Food Habits: scavenger
Reproduction: internal fertilization; eggs incubated on
abdomen; incubation period ca. 2 weeks
Season: April to mid-October (Va. and Carolinas),
nearly year round {south Florida)
Larval Development: variable number of zoeal stages in
single brood {8-13, typically 1 0 ) and 1 post larval
stage . Variability not a function of temperature
or salinity; may result from diet
Tolerance: at least 10°/oo to 35°/ oo salinity, optimum
about 15 to 35°/oo; at least 20-30C, optimum about
25C
Palaemonetes vulgaPis {glass shrimp)
Litera t u re : Broad 1 957a , 1 957b
Broad and Hubschman 1962
Burkenroad 1947
Knowlton 1970
Nagabushanam 1961
Sandifer 1972
Williams 1965
Distribution: Woods Hole , Mass.,to Cameron Co . , Tex .
Habitat: sea grass beds; pilings and jetties
Tolerance: salinity of 3°/oo is lethal
Food Habits: scavenger

276

Reproduction: eggs incubated on abdomen
Season: April to mid-October {Va. and Carolinas)
Larval Development : Variable number of zoeal stages in
single brood {5-13, typically 8-10), and 1 postlarval stage; variability related . to temperatures
{fewer stages at ·25C than higher or lower
temperatures)
Tolerance: salinity: 5 to 35+ 0 /oo, 10-30°/oo optimal
t~mperature: <20 to >30C, 25C optimal
Panop eus he rbstii {common mud crab)
Literature: Costlow and Boekhout 1961b
Costlow et al . 1962
McDermott 1960
Teal 1959
Williams 1965
Distribution: Boston, Mass., to Santa Catarina, Brazil
Habitat: intertidal to 24 m., mud bottoms, oyster reef,
piling, shell bottoms, salt marsh edge
Preference: >20°/oo salinity
Food Habits : preys on barnacles, oysters and other pelecy pods
Reproduction : fertilization internal; eggs incubat~d on
abdomen
Season : south Florida, virtually year round;
Carolinas, spring and summer
Larval Development: 4 zoeal and 1 megalopal stages; duration :
48-52 days @ 20C, 18-28 days@ 30C
Tolerance: 25-30C, 25-35°/oo; tolerance patterns vary
between z o eal s tage s
Mortality:
Pred ation: Opsanus tau {o yst e r toa dfi sh)
Pinnixa chaetopterana
Literature : Faxon 18 7 9
Gr ay 1 9 61
Hyman 1 92 4
Sandi f er 1972
Smit h 1 97 1, 1 973
Williams 1 965
Di stribution: Wellfleet , Mass ., to Cape Canaveral; Gulf
Coast and Caribbean to Sao Paulo , Brazil
Habitat : large form cornmensal with Chaetopterus variope d atus;
small form commensal with Ca llianassa sp.
Food Habi ts: fil t e r f eed er using setae on th i rd maxill i peds
Repr oducti on: eggs incubated on abdomen
Season: Beaufor t , N. C. : April to l ate O~tober
S. C. & F l o r ida.: Febr ua r y ~ Octobe r
Ga.: winter, spri ng & summer
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Larval Development: 5 zoeal stages, incompletely described
from plankton material
Tolerance: 20-30°/oo salinity, 20-30C (based on field
collections)
Growth Rate:
Longevity: hypothetically 2 yr .
Abundance:
off Sapelo - Island, Ga., 102-741/m2 , - related to abundance
of host, CaZZianassa sp.

Pinnotheres maauZatus (pea crab)
Literature: Costlow and Boekhout 1966p
Hyman 1924
Sandifer 1 972
Williams 1965
Distribution: Martha's Vineyard, Mass., to Mar del Plata,
Argentina
Habitat: cornrnensal with various pelecypods, Chaetopterus
variopedatus and sea squirts
Food Habits: feed on mucus food net of pelecypod hosts
Reproduction: eggs incubated on abdomen
Season: Fla: May to November
N. C.: June to January
Larval Development: 5 zoeal and 1 megalopal stage
Tolerance: 12-30+0 /oo, 23-29C (rarely collected at 4.5C);
based on field observation
Pinnotheres ostreum (oyster pea crab)
Literature : Beach 1969
Christensen and McDermott 1958
Gray 1961
Hyman 1924
McDermott 1961
Sandifer 1972
Sandoz and Hopkins 1947
Stauber 1945
Williams 1965
Habitat: cornrnensal (parasitic?) on oyster (also occasionally
scallops, mussels and rarely Chaetopterus
variopedatus); infestation of oyster spat>yearlings
>older oysters
Food Habits:
feeds on mucus food string of host
Reproduction: eggs incubated on abdomen for 3-5 weeks;
males leave host to seek females in other hosts
Season: mid-April to mid-October
Fecundity: 7957 and 9456 eggs/female reported from 2
individuals; one brood at 1 yr. age, possibly
2 broods when older
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Larval Development: 4 zoeal and 1 megalopal stage; duration
of zoeal stages ca. 25 days, total larval duration
3-4 weeks; enter host at 1st crab stage
Tolerance: 15C and above
Growth Rate: maturity reached in 1 yr., but not full
sized until yr. 2; growth rate probably related
to size of host
Longevity: male: 1 yr.
female: up to 3 yr.
Mortality: survival higher for crabs in yearling or older
oysters than spat

Rhithropanopeus harrisii (mud crab)
Literature:

Bousfield 1955
Chamberlain 1962
Connolly 1925
Costlow and Bookhout 1971
Costlow et al. 1966
Courtenay and Roberts 1973
Ryan 1956
Sandifer 1972
Williams 1965
Distribution: New Brunswick, Canada to Veracruz, Mexico;
northeast Brazil; introduced to west coast of
U. s. A. and Europe
Habitat: sheltered mud bottoms, meso- and oligohaline zones,
0 to 10 m; also oyster beds in low salinity waters.
Preference: <20°/oo (tolerance much greater)
Food Habits: carnivore; detritivore
Reproduction: eggs incubated on abdomen
Season: June to September, Va.; April, La., and Brazil
Larval Development: 4 zoeal and 1 megalopal stages
larval duration: 26-41 days@ 20C, 11-18 days@
30C; 66-90% survival to megalopa@ 15-25°/oo;
Tolerance: 4 to 23.5°/oo (field data, Canada)
>5 to 18°/oo (field data, Va.)
opt. 15 to 40°/oo complete development at all
salinities >1°/oo (Costlow and Bookhout 1966)
salinity range based on TL50 data: SI: 0-37°/oo
SII: 2.5-47.5°/oo; SIII: 2.5-42.5°/oo;
SIV: 0-35°/oo
temperature TL50 (upper limit): SI-Meg: 37C
reduced dissolved oxygen TL50: SI=45% sat.;
SII: 41% sat.
Growth Rate: reach maturity in 1 yr.; carapace width at
maturity: males=4.5 mm, females=4.4-4.5 mm.;
continue to grow after maturity, male reach 14.6
mm, females, 12.6 mm
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Sesarma ainereum (square-back crab)
Literature: Abele 1973
Costlow and Boekhout 1960
Costlow et al. 1960
Duncker 1934
Pinschmidt 1963
Sandifer 1972
Williams 1965
Distribution: Chesapeake Bay to Palm Beach Co., Fla.;
Collier Co., Fla.; to Vera Cruz, Mexico
Habitat: Spartina marsh; mangrove swamp edges; supratidal
to 50 m inland
Reproduction: eggs brooded on abdomen; hatched larvae
released in water
Season: June-August (Fla. and Tex.)
May-November (N. C.)
Fecundity: 4,700-13,400 eggs/female
Larval Development: 4 zoeal and 1 megalopal stages;
duration: 24-37 days at 25C, 20-22 days at 30C
Tolerance: zoeae survive only at estuarine salinities;
megalopa can tolerate full-strength sea water;
optimal salinity for development 20-26.7°/ oo, wide
thermal tolerance; opt. 30C
S esarma r eti au l a tum (reticulated square-back c rab)
Literature: Abele 1973
Costlow and Boekhout 1962b
Cri ckton 1 960
Sand i f er 1 9 72
Wi llia ms 1 965
Distribution: Woods Hole, Mass., to Florida east coast;
Sarasota Co., Fla., to Calhoun Co., Tex.
Habi tat: inte rtidal Sp ar tina mar shes; forms burrows, esp .
under d e bris
Food Habi t s: feeds o n deca y ing Spartina ; al so known t o e at
fidd l er crabs
Reproduction: eggs incubated on abdomen
Season: June to August (De l. )
May to October (Va.)
Fecundity: 8,000 to 10,000/female
Larval Development: 3 zoeal and 1 megalopal stages;
zoea I-III last 8-11 days; megalopal stage
completed 15-30 days after hatching
Tolerance: <5-33°/oo, 22-28C (field data)
optima: >25°/oo, 25-31C
Synalpheus to~nsendi (pistol shrimp)
Literature: Knowl ton 1970
Wells 19nl
Williams 1965
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Distribution: Beaufort, N. C., to Bahia, Brazil
Habitat: associated with sponges, coral, and oyster reefs;
O to 112 m
Reproduction: eggs brooded on abdomen
Season: N. C.: February to August
Fecundity:
"many" eggs

-

Vea minax (red-jointed fiddler crab)
Literature: Gray 1942
Hyman 1920
Miller 1961
Teal 1958
Williams 1965
Distribution: Buzzards Bay, Mass., to Tex.
Habitat: low salinity salt marshes, esp. where subjected
to freshwater flooding; burrows in sediments
Food Habits: omnivorous scavengers; sand scrapers
Reproduction: eggs incubated on abdomen; hatched larvae
released in water
Season: peak in July; June (?) to September (?)
Fecundity:
"few" thousand eggs/female; 2 broods/season
Larval Development: 5 zoeal and 1 megalopal stages
(indistinguishable from other Vea species);
duration about 1 mo.; recruited to adult habitat
as megalopae

Vea pugiZator (fiddler crab)
Literature: Gray 1942
Hyman 1920
Miller 1961
Pearse 1914
Teal 1958, 1962
Williams 1965
Distribution: Boston Harbor, Mass., to Caribbean Sea
Habitat: Sand bottoms of Spartina marshes and marsh levees;
meso- and polyhaline zones; burrows above water
level
Food Habits: omnivorous scavengers
Reproduction: copulate on surface of habitat; eggs incubated
on abdomen
Season: March-July (Va., and north)
Fecundity:
"few" thousand eggs/female, 2 broods/season
Larval Development:
5 zoeal and 1 megalopal stages (indistinguishable from other Vea sp.); duration 1 mo.
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Abundance:
Sapel o I s l and, Ga . :
l evee
short Spar>tin.a

spring
45*
11

summer
67
20

fal l
43
19

winter
20
20

(* i s g/mi.,)

Uca pugn.ax (fiddler crab)
Literature: Crane 1 943
Gray 1942
Hyman 1920
Miller 1961
Teal 1958, 1962
Williams 1965

Distribution: Cape Cod, Mass., to St. Augustine, Fla .
Habitat : marsh creek bank, Sali cor>n.ia-Distichlis vegetation
.
zone; meso- and polyhaline; prefers mud substrate
Food Habits: omnivorous scavenger
Reproduction : copulation on substrate surface; eggs
incubated on abdomen
Season: July to mid August - N. J.
April to September (?) - northern Florida
Fecundity: "few" thousand eggs/female; 2 broods/year
Larval Development: 5 zoeal and 1 megalopal stages
(indistinguishable from other Uca species);
duration 1 mo.; recruited to adult habitat as
megalopae
Abundance :
Sapelo Island, Ga.:
s p ring
summer
fall
winter
41*
creek bank
0
0
0

Salicor>n.iaDistichlis

0

1. 9

0
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( *g / m2)

4.5.8 .

Phylum Echinodermata

Larval devel opment of several members of the phyl um has long
been studi ed i n the l aboratory . Nevert he l ess , li fe h i stories
a re rel ativel y poorly known i n mos t cases . Some speci es a r e
s ignif i c a nt predator s on pel ecypods, i ncl ud i ng commerci a lly
importa nt species.
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Arbaaia punatuZata (purple sea urchin)
Literature: Coe 1912
Harvey 1956
Wells 1961
Distribution: Cape Cod, M~as., to Gulf of Mexico
Habitat: coarse sandy bottoms, hard substrates; usually
aggregated
Tolerance: salinity death point: 19°/oo at 27.5-28.?C
Food Habits: algae, coral, sponges, mussels, sand dollars
cannibalistic
Reproduction: dioecious, external fertilization
Season: mid June-mid August, Mass., ·as early as January
in N. C.; September to June, Fla. (west coast)
Fecundity: est. 8,000,000/female
Larval Development: planktonic, larval stage called
echinopluteus; phytoplanktotrophic; duration 3-4
mo. at 23C
Growth Rate: after sexually mature at 2.5 cm (without
spines) summer growth rate (Woods Hole, Mass.):
1 mm in 3 mo.
Mortality:
Predation: fishes, crabs, starfish, mammals, seabirds
Asterias forbesi (starfish)
Literature: Galtsoff and Loosanoff 1939
Loosanoff 1945, 1964
MacKenzie 1969
Mead 1 9 01
Wells 1961
Distribution: Penobscott, Me., to Lower Matecumbe Key, Fla.;
Pensacola, Fla., on Gulf Coast
Habitat: oyster reefs, shell banks, sand bottoms, low
water to 8 0 m
Tolerance: salinity 18-32°/oo; death point=l7°/oo
o pt. temp. 20C
Food Habits: carnivorous on snails, c lams, oysters,
polychaetes, small crustac eans; also eats d e ad
fish
Reproduction: external fertilization
Season: June- August (September) i n Long I s l and Sound
a t >1 5C
Fecundity: multipl e spawns/season
Larval Devel opment: planktonic, called brachiolaria;
phyt oplankt o tro phic ; metamor p hoses on solid objects
or sea grass blades
Tol erance: sal inity: 16-18°/oo and above
Growt h Rat e: g r owt h rapid (see Me a d 1 901 ) sexually mat ure
i n 4 yr . if sufficient food avai l abl e
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Mortality:
Predation:

of larvae:
of adults:

menhaden
fish and birds

Leptosynapta inhaerens
Literature: Clark 1907
Coe 1912
DOrjes 1972
Tenore 1972
Distribution: . Arctic Ocean to S. C. {Georgia?) European
Coast to Mediterranean Sea; Alaska to Monterey
Bay, Calif.; Bermuda
Habitat: sandy and muddy bottoms; intertidal to 200 m;
in burrows, meso-, poly-, and euhaline
Food Habits: deposit feeder
Reproduction: external fertilization
Abundance: Pamlico River, N. C.; 6/m 2
Mettita quinquiesperforata {5 hundred sand dollar)
Literature: Bell and Frey 1969
Brookbank 1967
Cerame-Vivas and Gray 1966
Day et al. 1971
DOrjes 1972
Weihe and Gray 1968
Wells and Richards 1962
Smith 1971
Distribution: Nantucket, Mass., to Santos, Brazil
Habitat: intertidal and subtidal sandy substrates; sandshell bottom, turbulent zone of continental shelf,
poly- and euhaline; burrow just below surface; can
move 1.8 m/day, but 0.3 m/day more usual rate
Tolerance: >18°/oo; opt. >23°/oo
Food Habits: detritus in sand substrate
Reproduction: dioecious; external fertilization
Season: summer {not fully defined)
Larval Development: planktonic; echinopluteus larva;
most abundant in August {N. C.); phytoplanktotrophic
Growth Rate: reach 10-20 mm transverse diameter in one
year; adult transverse diameter is 80-100 mm
Mortality:
Predation: Cattinectes sapidus, Arbacia, some fishes
Abundance:
Money Island Bay, N. C.: 10/m 2 max.,
Bulkhead Shoal, N. C.: 37/m 2 max.,
Guthrie Shoal, N. C.: 4.9/m 2 max.,
average abundance, all areas: 2.35/m 2
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off Lookout Point, N. C.:
off Sapelo Island, Ga.:

4.5.9.

3 m 903/9 samples
5 m 300/6 samples
10 m 132/5 samples
max. 10.4/m 2

Phylum Chordata

4.5.9.1.

Urochordata (Tunicata)

The species considered here is a sessile form which in some
situations is a serious fouling organism.
Molgula manhattensis
Literature: McDougall 1943
Distribution: New Brunswick, Canada to La.
Habitat: hard substrate
Food Habits:
filter feeder
Reproduction: external fertilization
Season: May-June (Beaufort, N. C.)
Larval Development: "tadpole" larva
4.6.

a.
b.
c.
d.
e.

Gaps in Available Information
Distribution of various estuarine and offshore benthic
habitats are inadequately known.
Community structure in habitats throughout the regions
inadequately known to assess similarities and differences.
Life histories, even for better studied, dominant
estuarine species, are incomplete and little data
specific to the study area are available.
Community function and interactions have received little
attention. The significance of numerically scarce
species in community function is unknown.
The tolerances of most estuarine species and virtually
all offshore species, to any man-made pollutants,
are unknown.
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CHAPTER 5
COASTAL VEGETATION

by
Morris H. Roberts, Jr.

This chapter includes consideration of subtidal benthic
vegetation (including benthic diatoms), intertidal vegetation,
and terrestrial vegetation impinging on the coast. There is a
little chance that the terrestrial areas would be directly influenced by offshore oil resources development, but there could
be a significant effect from shore-based facilities.
5.1.

Benthic Algae

The major species involved in this category are benthic
unicells, mainly diatoms, and a variety of macrophytes. These
species are present to one degree or another in many habitat
types both subtidal and intertidal.
Benthic diatom species and other unicellular plant species

known for the area are listed in several taxonomic papers listed

in Chapter 2 dealing with phytoplankton. Many additional species
will probably be identified through more careful and complete
study. These species grow on various hard substrates (jetties,
pilings, organisms, etc.) and on the sediment particles of sand
and mud substrates in all areas where light penetration is sufficient to permit positive net production.
Their apparent lack
of organization into well-defined assemblages may reflect the
fact that they have been little studied in a synecological sense
and the difficulty in selecting an areal scale meaningful to
these small organisms. The species appear to be ubiquitous with
a large number of species represented in small samples.
Some benthic algal species are uniquely adapted to their
habitat. Species occurring on intertidal sediments are alternately submerged in water and exposed to air by the tides. They
must tnerefore compensate for wide variations in temperature,
salinity, and insolation during the course of each tidal cycle.
This compensation is achieved by vertical migration in the sediments over a tidal cycle. Some diatoms have been shown to produce tubes in the sediments to facilitate their migration
(Williams 1965). Salinity variations are probably of little importarce since benthic diatoms are generally euryhaline
(Williams 1964).
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The productivity of benthic diatoms has been estimated by
Pomeroy (1959) in Georgia salt marshes as part of a program at
Sapelo Island to determine energy flows in salt marshes. The
algal species community was not described taxonomically but occasional examination of the sediments revealed various pennate
diatoms, green flagellates, Eu9tena, dinoflagellates (occasional), and blue-greens. Productivity was measured both during air
exposure and when submerged to a depth of 0.5 m. Data are summarized in Table 5.1 and Figure 5.1. Pomeroy (1959) calculated
an annual gross production of 200 gC/m 2 /yr. Total community
respiration was constant independent of season, with an annual
respiration of 100 gC/m 2 /yr, largely from non-algal species.
Pomeroy estimated net production to be equal to 90% or more of
gross production.
Schelske and Odum (1961) estimated that "mud algae" represented about 25% of the total primary production from all sources
in salt marshes. No differentiation was made between benthic
unicellular algae and macrophytes. Based on their estimate of
2000 gC/m 2 /yr total primary production in the marsh, the primary
productivity of "mud algae" is taken to be 500 gC/m 2 /yr. Pomeroy
(195~) $uggested that benthic unicells (largely diatoms) produce
180-400 gC/m2/,yr; other benthic algae then must produce approxima teiy 32 O! g<;;Jm2 /yr.
Bentnic macrophytes are generally attached forms, living
on shells,: r6tks, pilings, etc. Even on sand and mud bottoms,
there is a sufficient amount of suitable substrate for a significant production of macrophytes in many areas. Except for the
North Carolina area, this flora is not well known in this geographic region.
Williams (1948, 1949) studied the macrophytes associated
with rock jetties at Cape Lookout, North Carolina. He reported
137 species of which 60 were new state records which brought the
total number of species known in North Carolina to 239 species.
The flora was a mixture of northern and southern species, with
proportionally more northern species at Cape Lookout than were
found at Beaufort Inlet (only 12 miles away by Blomquist and
Humm (1946). Northern species were more prominent in winter than
in summer. There is vertical zonation of marine macrophytes in
the intertidal zone as described by Williams (1949 ) for Cape
Lookout Jetty (Figure 5.2) and by Earle and Humm (1964) for
Beaufort Harbor.
Zonation was attributed to wave action, sunligh~ and their interaction, substrate differences, competition
with sessile invertebrates, and salinity. One might add elevation with respect to mean low water which correlates with duration of exposure to the air and associated physical phenomena.
Knowledge of this group in more southern areas is largely fragmentary or non-existent.
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Tab l e 5. 1.

Gross benthic algal pr,o duction in several marsh
zones of the Dup l in-River, Sapelo Is l and , Georgia,
in mg C/m2 /day {from Pomeroy 1959).

Month
Zone

1- 2

3-4

5-6

7-8

9-1 0

11-12

Bare Sand

Air
Water
Total

397
415
812

3
315
318

35
777
812

78
1541
1619

Tall Spartina

Air
Water
Total

72
275
347

12
210
222

0
518
518

59
1027
1086

Medium SpaI'tina

Air
Water
Total

-37
183
146

120
140
260

93
346
4 39

17
685
702

86 0
23 4
1 094

Le v ee t op

Air
Water
Total

495
138
633

105

52
259
311

22
513
542

228
1 76
404
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Figure 5.1.

Seasonal variation of gross production of
benthic algae in Duplin River (Georgia)
salt marsh. Solid line: two-month means
of rates at low tide. Dashed line: threemonth means at high tide (after Pomeroy 1959).
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The extent of algal coverage of hard substrates is controlled in part by grazing of various herbivores. The great
significance of grazing is clearly exemplified by the results of
oil spills impinging on rocky i ntertidal areas elsewhere in the
world. Nelson-Smith (1972) indicated that after a substrate was
denuded, algae were among the first organisms to reestablish
themselves on the substrate.
In the absence of herbivores, the
algae grew rampantly, preventing the setting of barnacles and
other sessile invertebrates.
Recovery of the herbivore population (mainly limpets) was moderately rapid, but it required
several years before the algae were brought under control and
the "original" balanced community reestablished.
The specific ecological significance of macrophytic algae
is largely unknown. Direct measurement of productivity has not
been accomplished at any location, though scientists suspect
that in some situations it may be a significant portion of the
total estuarine and nearshore production. Algae are probably
also significant in damping the effects of wave action on jetties, facilitating setting by various invertebrates, and providing niches for many species.
5.2.
5.2.1.

Submerged Sea Grasses
General Biology

Sea grasses form an important habitat i n many parts of the
world.
These plants perform several ecological functions:
1) they act as a substrate for a variety of organisms which require a solid substrate; 2) they are a major food source especially in detrital form; and 3) they produce protection and
cover for organisms requiring sheltered water. To this list of
functions cited by Phillips (1969) may be added : 4) provision of
food to other areas in the estuary and indeed the open ocean by
export of detritus (Menzies et al. 1967; Menzies and Rowe 1969);
and 5) stabilization of the bottom substrate by the extensive
rhizome system .
The dominant submerged grass in high salinity areas
(euhaline and polyhaline zones) is Zostera marina (eel grass),
a northern species.
It forms extensive beds in Pamlico Sound,
Core Sound, and Bogue Sound during the spring and summer months
(Dillon 1966, 1971). The southern limit of Zostera is given as
Beaufort, North Carolina by Den Hartog (1970) but probably extends south of Bogue Sound where it was reported by Dillon
(1966, 1971).
It is reputedly absent from South Carolina
(Robert Dunlap, personal communication) and Georgia (Fred Marland, personal communication; Hoese 1973).
·
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During the winter months Zostera is replaced by Halodule
beaudettei (formerly H. wrightii) (Dillon 1966, 1971). Halodule
is a southern species ranging from North Carolina to the Caribbean and Gulf of Mexico (but excluding the northern coast of
South America) . · Its distribution is ..discontinuous and it is
absent in South Carolina and Georgia (Robert Dunlap, Fred Marland,
personal communication, Hoese 1973) . The probable reasons for
its absence ·is the high turbidity and large tidal amplitude in
Subzone II. The location where.Halodule may again be found to
the south has not been defined.
Turtle grass (Thalassia testudinum) and manatee grass ·
(Syringodium filiforme) are common grasses on the south ·Florida
coast, but are not reported from the northeastern Florida coast.
Thalassia i~ reported to reach its northern limit at Cape Canaveral; Syringodium apparently does not reach Cape Canaveral (Moore
1963).
Throughout the region,widgeon grass (Ruppia marina) is
found in low salinity waters. Several freshwater species tolerant of brackish water, such as Potamogeton spp . , are often
associated with it.
The distribution of seagrass beds in Bogue Sound was described by Dillon (1966). Distribution maps are not reproduced
here because the limits of these beds are not clearly defined
and vary through time. Any chart prepared implies stability
but is actually quickly outdated . The absence of data regarding
exact distribution limits along the north-south projection of
the coast further reduces the value of attempted mapping of the
distribution based on the present literature survey.
,

Of the several sea grasses found along this coast; Zostera
is the best known species. Zostera is a shallow water, euryhaline, eurythermal tracheophyte largely restricted to sheltered
areas with a mud or sand-mud bottom.
In North Carolina, Zostera grows up from rhizomes in the
winter (as early as November; Dillon 1971). Seedlings develop
at the same time. Flowering occurs in late February and seeds
are released in April and May (Dillon 1971). Peak biomass
occurs in August (535 g/m 2 V in 1969; Dillon 1971). Shortly
thereafter the plants die back to the rhizomes. Dillon (1971)
expressed surprise at the disappearance of Zostera blades and
beli~ ~ed this to be an unusual event. However, fall-winter dieback is common throughout the range of Zostera.
In the 1930's Zostera exhibited an extreme decline throughout i ~s range, virtually disappearing in most areas. The cause
of the decline was never definitely determined. The apparent
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------- ~----~-cause was an epidemic of the mycetozoan Labyrinthuia
macrocystis (Renn 1936), but it should be noted that this fungus
is generally present in Zostera beds without causing a decline.
Eel grass has now returned throughout most of its range. When
i t declined, animal species a~sociated with i t also declined.
The bay scallop, Argopecten irradians and the soft clam, Mya
arenaria, were two commercial species especially affected because
they require grass beds for setting of the larvae.
Excellent general reviews of the anatomy and ecology of
Zostera appear in Den Hartog (1970) and Burkholder and Doheny
(1968). Both of these sources refer mainly to areas outside of
the subject area considered here, but are nevertheless useful
references.

HaZoduZe beaudettei has only recently been distinguished
from the Caribbean species, H. wrightii (Den Hartog 1964). In
North Carolina, HaZoduZe becomes dominant after the decline of
Zostera in September. Active growth begins in May, before
Zostera reaches its peak. It reaches maximum biomass (105200 g/m•-) in October to December, although it is present throughout the year. A significant portion of this biomass peak is due
to the epiphyte, Ectocarpus sp., rather than HaZoduZe itself
(Dillon 1971).
Although this species is flowering plant, its flowers and
seeds are unknown (Den Hartog 1970; Phillips 1967). Propagation
is apparently strictly vegetative. As a result, this species is
in a precarious position when subjected to environmental deterioration. Were it destroyed in North Carolina, its return by
natural agencies would be unlikely since its distribution is
disjunct.
In the southern portion of its range, HaZoduie is subordinate to ThaZassia, Syringodium, and other sea grasses, achieving dominance only when these genera are absent or in a period
of decline.
As noted above, ThaZassia and Syrin·godium are known to
occur immediately south of the present study zone but not north
of Cape Canaveral. Should future studies reveal these plants
in Subzone III, summaries of their ecology can be found in Den
Hartog (1970) and Moore (1963).
Although Ruppia mar:tima is widely distributed in brackish
waters and is known to be an important food source for a number
of birds, it has not been studied from an ecological viewpoint.
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5.2.2. Sea Grass Productivity
Seagrass productivity is a largely unexplored subject
despite the general opinion that sea grasses are a major primary
producer in estuaries. This will require considerable study if
energy flows in estuaries are to be adequately understood.
Dillon (1971) has measured production of Zostera and
HaZoduZe in Bogue Sound, North Carolina, using plastic chambers
to isolate undisturbed plants from the surrounding grass ·bed and
measuring 14 c uptake by the isolated plants during peak insolation periods. Dark uptake of 1 ~c was found to be negligible,
so dark chamber controls were discontinued during the study
period.

Zostera exhibited two production peaks: 3.15 mgC/g/hr
in May 1969 and 2.35 mgC/g/hr in April 1970. The annual mean
production was calculated to be 0.95 gC/m 2 /day. HaZoduZe and
its epiphyte Ectocarpus sp. had a peak production rate in August
of 9.29 m~C/ g/hr. Dillon estimated an annual mean rate of
0.50 gC/m /day for HaZoduZe and 0.10 gC/m 2 /day for Ectocarpus.
Annual mean production for all macrophytes was estimated to be
1.4 gC/m 2 /day. This was approximately 7 times the mean phytoplankton production measured simu l taneously. Dillon notes
however that Zostera and HaZoduZe cover only 55% of Bogue Sound,
and expressing production on the basis of the entire qrea of

the sound (kgC/sound/day), seagrass production was only two or

three times phytoplankton production. No comparison to production from other sources (salt marshes and benthic algae) was
attempted, but sea grass production is nevertheless a major component in the energy budget in Bogue Sound.
5.3.
5.3.1.

Salt Marshes
General Biology

Sal t marshes are typi call y i n t ertidal beds of roo t ed
vegetation ext ending from somewhat above t he low tide level t o
supra l idal l evel s i nundated only by extreme storm t i des on low
energy heache~ . They occur a l ong low energy beaches behi nd
barri er lslands and a l ong the margi ns of estuaries , g r adually
inter graa~~g i n t o freshwater marshes a t ups t ream locati ons .
Mar shts ,~ont ~ i n a compl ex system o f tida l channels o r c r eeks ,
o f ten , as i n Georgi a marshes , dendritic and anas t omos i ng (Ragotzkie 1 959) . Water , mi neral s , p l ankt on, fishes, and o t her
organi sr.,s move through the marsh channels with the t i des
(Cooper 1 969) . Through these channel s t her e i s an i n tima t e
i nteract i on between sal t marshes and t he adjacent es t uar ine
water a~d ecosystems (Cooper 1969).
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Data on acreage of coastal wetlands of the coast from
North Carolina to Florida are given in Table 5.2 (includes all
of North Carolina and east coast of Florida). Op timal develop ment of salt marshes along the American coast of North Atlantic
occurs from Cape Hatteras to J~cksonville, Florida (Spinner
1969).
Wilson (1962) . documented the distribution of various wetland habitats, including salt marshes, in great detail for
North Carolina. A composite of his several maps is presented
in Figure 5.3. Partial information for the rest of Subzone I,
and for Subzones II and III (Figures 5.4 and 5.5) are derived
from USCGS maps and Spinner (1969). Information on major
changes in marsh distribution in North Carolina is not readily
available. Studies are in progress in South Carolina (Mr.
Robert Dunlap, S. c. Marine Resources Commission) and Georgia
(Dr. Robert J. Reimold, Skidaway Institute) to document more
accurately the plant distribution, marsh area, and productivity
of salt marshes throughout these two states based on aerial
p hotograp hic studies.
Two typ es of salt marshes have been d istinguished in
Nor th Carolina, regularly flooded marshes and irregularly
flooded marshes (Wilson 1962). The regularly flooded marshes
a r e inundated daily by the flooding tides, whereas irregularly
flooded marshes are inundated only by spring tides, storm tides,
and freshwater runoff. The latter type of marsh corresponds in
flor al structure to the high marsh fringe of variable width in
specific marshes separating that portion of the marsh flooded
daily and the landward forested margin.
Salt marsh es are of ma j or ecologica l imp orta nce. Od um
and Hoskin (19 5 8) and Schelske and Odum (1961 ) fi r st documented
the extremely h igh p roductivity of salt marshes wh i c h compare s
with intensively cultur e d agricultural lands and r e p resents
perh aps the single most productive marine habitat type. This in
turn serves as t h e energy base for commercially i mportant shellfis h and finfis h as well as waterfowl (Spinner 1969). Marsh es
also serve as sediment trap s and protect landward areas from
erosio n, especially storm tides.
5 . 3 . 2 . Marsh Vegetation Zonation
The veget ation of marshes is dominated by Spartina
aZternifZora, Spartina patens, Juncus roemerianus, DistichZis
spicata, and SaZicornia spp . Marshes are subdivided int o zones
in which one or more of t hese plant s dominates t he f l ora .
F i gure 5 . 6 diagrammati cally depic t s a general ized ma rsh
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Table 5 . 2 .

Coastal wetlands o f the southeastern states (from Spinner 1 969)
Nor th
South
Carolina Carolina

Freshwater, tidal
Disti~htis spiaata Spartina patens
Junaus roemerianus
w
w

co

Spartina atterniftora

Tot al (1 954 )
Est. destroyed
(1 954-1 968)
% Loss

47,500
?

80,400
?

Geo r gia

F lo r ida
(East Coast)

31,700

6 ,100

165 , 700

650

58 ,100

58 , 750

Tota ls

100,450

91,000

74,850

76 , 500

342 , 800

58,400

345,000

285,650

41 , 200

730 , 250

206,350

516,400

392,850

298 , 900*

14,700

2,000

2,700

0.4

0.7

7. 1

25 , 500
9.7

1, 41 4 , 500
44 , 900
3.2

*Includes 117,000 acres of mangrove swamps found south of Cape Canaveral.
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Generalized representation of salt marsh zonation.

zonation. The lowest portions of the marsh are intertidal,
inundated by the tide twice daily, and dominated by virtually
pure stands of Spartina alterniflora. This zone can be
further subdivided into subzones on the basis of the average
height of the Spartina, high along the seaward edge of the
marsh, medium in the central portion-of the zone, and short in
the more elevate~ areas of the marsh. In some situations a
mixed zone of S. alterniflora-Salicornia-Distichlis may occur.
A pure stand of Juncus r~~merianus·occurs at or just above the
high tide level. The next zone·is dominated by Spartina
patens, often mixed with Distichlis and several other marsh
plants. This zone grades into a zone dominated by shrubs
(Myrica-Ilex-Quercus or Persea-Ilex-Quercus).
The marsh is·
bordered by maritime forest or other upland biomes.
The specific sequence of zonation in any given marsh and
the extent of each zone is highly variable throughout the
region considered here.
It has been carefully documented in
only a few marshes or, in some cases, segments of more extensive marshes. The sequence of zonation is an expression of
those environmental features which control the distribution of
each species and their interaction. These factors include
degree of inundation, elevation and slope, salinity tolerance,
and edaphic factors (such as soil salinity, pH, ion concentrations, esp. iron and nutrients). These factors are not
completely independent from one another. Thus, the Spartina
alterniflora zone is more extensive in marshes of Subzone II

than in other areas because the tidal amplitude is large and

the intertidal zone has a very low profile producing extensive
areas with suitable conditions for Spartina alterniflora.
By
contrast, irregularly flooded marshes predominate in Pamlico
Sound, North Carolina, where tidal amplitude is small, and
the intertidal zone narrow; broad Juncus and Spartina patens
zones are found instead (Waits 1967). At least in the marshes
of Pamlico Sound, the Spartina alterniflora zone is reduced to
sparse clumps at the water's edge where the slight tidal action
provides suitable conditions (tidal amplitude= 1 ft) (Waits
1967).
A description of marshes in this form can be misleading
for it i s an ove~simplification of a complex ecosystem. As
noted e~rlier, n1arshcs are interlaced with open water drainage
channe] ;. Thus a transect through a marsh from the open
estuary to the forest margin can be selected to cross several
chan n els and hence exhibit several bands of Spartina alternift ora adjacent ~o each open-water section, with other vegeta~ion zones between depending on the intervening elevations.
It also ignores areas with little or no vegetation, the salt
barrens, which form in some marshes in places where evaporation
rate~ are high and inundation infrequent, leading to extremely
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high soil salinity. Construction of idealized zonation diagrams
are nevertheless one convenient and useful approach to describing
a given marsh and comparing i t to others. Figure 5.7 includes
idealized transects to represent zonation in marshes described
in the literature with notation of some controlling factors.
No attempt is made here to represent horizontal distribution,
tidal amplitude, or elevation accurately because the data are
not available to do so.
Marsh zonation also changes in species composition as
one passes from high salinity to freshwater.
Spartina
aZternifZora intergrades into Spartina cynosuroides, and
various freshwater species become dominant in various zones.
No attempt is made here to document such changes, since data
are generally not presently available for the study area.
Several studies have been conducted to identify
causative and controlling factors in zonation (Stalter and
Batson 1969; Kurz and Wagner 1957; Adams 1963; Bourdeau and
Adams 1956; Hoese 1967). While several factors, as noted
above, have been identified as functional in defining zonation,
their interaction is so complex that zonation cannot truly be
explained by any one of them.
For example, Kurz and Wagner
(1957) attempted to describe the seaward boundary of the Spartina
aZternifZora zone on the basis of elevation measured from mean
sea level, but the relationship is not constant from South
Carolina to Florida (Table 5.3).
5.3.3. Productivity
Despite the complexity of zonation patterns, they are
real and definable in specific cases. The overwhelming domi nance of one or a few species within zones simplifies the
problem of measuring net productivity. Basically two kinds of
information are necessary to calculate productivity: the
areal extent of each marsh zone, and an estimate of the net
production of the dominant species/unit area for each marsh
zone.
The areal extent of each marsh zone can be determined
f1om a e rialphotographs (Stroud and Cooper 1968; Reimold, et al.
1972; Thompson 1972). With infrared film, one can distinguish
each zone on the basis of color, even discriminating the subzones of Spartina aZlerniftora .
Interpretation of the photographs requires ground truth data from selected locations.
The net production on a g/m 2 /yr basis is then estimated
within each zone on the basis of clip- plot sampling.
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Table 5.3.

Seaward margin of Spartina alterniflora as a
function of mean sea level (MSL) (from Kurz and
Wagner 1957).
Elevation from MLS
+0 .18 ft

Fernandina neach, Fla.
Cove Inlet,

s.

-1. 66 ft

C.

_ 1. 61 ft

Ben Sawyer Bridge , S. C.

The upper limit was even more variable with respect to MLS.
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A series of stations is established within each zone of the
marsh. The standing crop is clipped (live and dead) within a
standard area at each station and the biomass determined. Since
the grass grows and dies at some rate throughout the year,
samples must be obtained at frequent.intervals (usually
monthly). Net production is then calculated from the observed
changes in standing crop of live and dead compartments from one
interval to the next and summed for the year (Smalley 1959b).
Most recently, the data have been analyzed by a fourth degree
polynomial to smooth out some of the random variation and
arrive at a better estimate (Waits 1967; Stroud and Cooper
1968). These statistical estimates of the change in standing
crop are manipulated in the same way as raw data to derive net
productivity.
Net productivity, expressed as kcal/m 2 /yr, can be
derived from the g/m 2 /yr form if the caloric content of the
grass is known. Some representative values for each grass type,
derived from the literature, are presented in Table 5.4. For
those cases where measurements have been made for a given
species by two authors, it can be seen that the caloric content is relatively uniform regardless of location.
It is
desirable to express net production in energy units since 1)
this is a unit common to all trophic levels and 2) it is an
ecologically meaningful unit.
Estimates of productivity for various marsh grasses which
have appeared in the literature are summarized in Table S.S.
Where necessary, values were converted from the original units
to kcal/m 2 /yr to facilitate comparison. Table 5.6 shows the
total marsh net productivity as a function of location (latitude). The values for productivity are underestimates in that
root production is ignored. Since it is the above-ground
portion of the plants which enters the food web (at least
predominantly), this is not a serious criticism.
Schelske and Od um (1961 ) estimated that in salt marshes
a d jacent to Sapelo Island, Georgia, the mars h grass productivity
represented 66 to 75% of the total prod uctivity of the estaury.
As noted in a pr~, ious chapter (Chapt er 2, Phytoplankton) ,
phytoplar.!~ !:t..;rs co11tribut e li ttle or not hing ln this ecosystem
on an anLua· basis , a l though t hey may be a significant source of
enei:gy du.1.. 1. ,1~· certain sear.:cms. Submerged sea grasses are absent
in Subzc1~ II and hence sal t marshes are t he dominant source of
e ne r g y
Tea l (196~) esti mat ed t hat 55% o f ne t product ion is
utilized within the marsh , t he remaining 45% being export ed t o
the opeJ water portion of t he es t uary.
The s i tuati on i s qui t e di ff erent in Nort h Carolina , at

- - - - - -- - - -
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Table 5. 4.

Caloric content (in gcal/g) for selected salt marsh plants as determined
by several investigators within the study ar'!!a.
II)

::,

.. ...r'"
C:
'1l

Spartina alterniflora
Low
Medium
High

C: CJ
::, 0

...,

'"

Aug.

4127.0
4057.4

3931.8
4006.2

4017.7
4196.l

4590. 7
4411.2

June

38 43. 4
3809.4

3944 . 0
3942.0

4048.l
3977.1

4352.2
4432.4

Sept.

4128.7
4054.9

4184.0
4080 . 9

4764.0
4674.0

4340. 5
4397.4

March

3760 . 0
3805.0

3809.4
3620.2

3616.4
3787.3

4354,4
4297.3

3947.5

3939.8

4135.1

4397 . 1

x

.. .....
..
::,

:::,

Cl, ..
::,

... .,Q

l) 0
Cl) . .

.....
'1l

c;

... c;
.. qi

,a ...

Cl, ,a
(I) Cl,

........
II)

.c:
"
l) ...

...., ..."
... l)

... Cl,
Q ..

May

4252
4 578

3991
3931

4574
4516

4467
4464

early
June

4569
4561

4343
4306

4621
4527

4506
4474

late
June

4 533
4509

4250
4287

4583
4495

4511
4458

July

4571
4637

4488
4394

4576
4604

4460
4621

Sept,

4644
4644

4348
4365

4596
4597

4446
4526

Oct.

5166
5115

4157
4158

4613
4522

4548
4554

4648

4252

4569

4503

x
Stems
(dead)

3765
3789

Entire
plant

4078
4075

Leaves

4091
4101
4180

Leaves

4016
4178

Entire
plant

3968
4021
3996

x (line)
x (total)

Source

Stroud and Cooper
1969

Waits 1967
Smalley 19 59

4070
4022
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Table 5.5.

Net productivity by vegetation t ype ( kcal/m 2 /yr ) •

SEartina aZternifZora
Location

Method**Short

Oa k Island

w

1
2
3
4

881
13 00
951
1106

Junaus Spart1-r oemer- na
ianus pa tens

Medium

High

1635
1816
1856
1856

4848

5365
4769
6471

Mixed marg:inal
,
2878
3502
2103
5324

Stroud
and
Cooper
1969
Williams
and
Murdoch
1972

Carteret Co . , N ,
North Ri ver

c.

5

3410

Bodie Island , N.

c.

1
2

2814
5018
7227
2314
4028

V1

,i:,.

3
4
Sape lo

2

2618

9117

Source

2374*
6539
5130
1 942
6152

3193*
6651
5130
2512
4428

1713* Waits 1967
4608
(1965)
2795
(1966)
(1965)
1394
1797
(1965)
Smalley
1959

•Three specTesTncluded
S. pate ns, Sa irpus r obustu s , Di st1-ah ii s sp i aata).
**Method :
1 . Clip plot, live.
2 . Clip plot, live and dead.
3 . Predicted crop, live .
4th degree polynomial in time
4 . Predicted crop, live and dead .
4th degree polynomial in time
5. Calculated by compartmental analysis of standing crop, growth, and death.

Table 5.6.

Total marsh net productivity vs. latitude {location).

Location

Methods

Oak Island
Brunswick County, N.C.
{mouth of Cape Fear
River)

1

Duplin River
Sapelo Island

2

Bodie Island, N. C .

1

w

U1
,,.

3

3
4
Sapelo Island

1084
1370
1067

2

2

Net Prod {kcal/m 2 /yr)

802 g/m2 /yr
3 yr Avg.
1965
1966
1965
1965

2

Methods:
1. Cliv plot, live.
2. Clip plot, live and dead.
3. Predicted crop, live.*
4. Predicted crop, live and dead.*
* 4th degree polynomial in time.

2465
5916
4783
4324

Source
Stroud and
Cooper 1969

Reimold, et al.
1972
Waits ..J.g67

least in the extensive irregularly flooded marshes. Export
of unutilized production is sporadic and minimal with the excess
instead being deposited as peat. Sea grasses play a more
significant role in the energy budget of this area.

5.4.

Dune Vegetation

Dune vegetation occurs in the supralittoral area. The
plant species involved are tolerant of extremely stressful
conditions found on dunes. Several plant zones develop
progressively behind the dunes until the typical terrestrial
biomes are reached.

5.4.1. Subzone I
In the northern half of Sub zone I from Cape Hatteras
to near Cape Fear is a series of relativ ely narrow barrier
island s. Figure 5.8 is a d iagrammatic representation of a
transect across one of these. The d une zone is dominated by
sparse growth of two dominant plants, sea oats (UnioZa
pa nicu Za ta ) and saltmeadow cordgrass (Spar tina pa tens) . Behind
the dune is a broad grassland or mead ow dominated by dense
stands of saltmeadow cordgrass. This is essentially an irregularly flooded saltmarsh as discussed earlier. Shackleford and
Bogue Banks, oriented on an east-west axis are somewhat broader
and less subject to storm-driven overwash of sand s, which permits the dev elopment of maritime shrub zone followed by forest
(Figure 5.9).

UnioZa a nd S. patens hav e certain u n ique chara cteris tics
whic h allow them to surv ive o n the d u ne a nd to con trib ute to
the d yna mi c stability ( i n a g eolog i c al se n se) of t h e barrier
island s y stem. Plants i n this z one must be t o leran t of salt
s p ray , the abrasiv e a c tion of air borne sand particles and the
wind itself. They must also be a b le t o recover from san d
bur ial whic h o ccurs d uring storm driv e n o verwashes.
Seneca (1969, 1972) has studied the response of dune
grasses tu ~en~erature and salinity . Germination success
was increased by prolonged (30 day) sub j ection to cold temperatures (f~C) cs compared to shorter exposure o r no e x p osure.
Ex posur e to alternating thermoperiods such as 18 . 5 to 29 . SC
also improved germination vis a vis constant temperature .
Germina tion re3ponses to salinity were different for the two
do~inant iune grasses . G~rmination was inversely proportional
(linearly) to salinity in UnioZa panicuZa t a. Germination of
S . paLens was unaffec t ed by sali n ity u p t o 20O/oo , above whi ch
i t decreased in a curvilinear fashion . s. patens was t he mos t
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Vegetation zonation of sand dunes and marshes on
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(after Godfrey, 1970).
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Vegetational zonation of sand dunes and marshes
on Shackleford Bank, North Carolina (after Au 1970) .

salt tolerant of four species studied (the other species studied
were beach grass, Ammophila brevigulata,and Panicum amarulum).
Studies of the salinity tolerance of seedlings revealed an
inverse relationship between growth and salinity. Uniola
paniculata was unaffected by salinity from 5 to 100/oo but began
to exhibit stress at 20°/oo. s. patens was found to be 2~ times
more tolerant to increased salinity. Salinity tolerance differences correlate well with habitat conditions in nature. Billings
(1942) and Oosting (1954) have presented similar results of
salinity tolerance of mature plants.
Wagner (1964) described the general ecology of u. panicuZata in the dune habitat of North Carolina and discussed the
role of sea oats in dune stabilization. The effect of wind and
associated parameters on seed dispersal and vegetative growth
~3s described. - Westra and Loomis (1966) discussed the physiological basis for winter dormancy of seed. Other data point out
the low seed productivity of sea oats, only 2 seeds/spikelet.
Spartina patens has an adaptation to facilitate recovery
from burial by shifting sands. Godfrey (1970) describes an
experiment in which established plants were buried to depths of
10 to 20 cm. Regrowth was observed after about 2 months. The
buried plants first develop roots from the plant stem just
below the sand surface. Subsequently, a new culm is developed
and finally a complete rhizome system. The rhizome system of

dune plants tends to stabilize the dune system.

Productivity of plants in the dune area has not been
studied. There is probably limited energy flow from this source
to the estuarine system. Dune vegetation is perhaps of greater
significance to the geological setting than the biological.
In the southern section of Subzone I where the high
energy beach occurs on the mainland edge, the succession is
dune grasses to maritime shrubs to maritime forest (Figure
5.10). Salt marshes develop along water courses penetrating
to the sea and in the vicinity of various smaller sounds. In
many areas, the shrub zone may occur on the top of the dunes
indicating reduced salt spray damage. This occurs where the
coast is parallel to the prevailing southwest winds such as at
Myrtle Beach, South Carolina (Graetz 1973).
5.4.2. Subzone II
This section of the coast is characterized by large sea
islands with relatively broad s~oals seaward which dampen the
force of the waves o~ the beach front.
Dune grass development
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Dune
MARITi!.AE FOREST ZONE

SCRUB ZONE

PIONEER ZONE

w,

°'
0

Parthenocissus quinquifolia
Vitis rotundifoiia
Ile:c opaca
Osmanthus americanus
Comus flol'ida
Peztsea boztbonia

Pinus taede

Acezt l'Ubztum
Prunus sero Zina
Juniperus viztginiana
Quez,cus viztginiana

Figure 5.10 .

Solidago semperviztens
HydrocoZyle bonariensis
Ile:c vorrri tal'ia
Myztica cel'ifero
Myztica pensylvanica
Ba.cchaI'i.s ha.lirrrifolia
Rhus copallina
Anpelopsis aztbol'ia
Paztthenocissus quinquifolia
Vitis rotundifolia
Ile:c opaca
Osman.thus ame:ricanus
Peztsea boztbonia
Junipe:rus viztginiana
Quez,ous viztginiana

Anmophila breviligulata
Uniola paniculata
Panicum <11MrUlum
Panicum
Andropogon littoNlia
Iva impl'icata
croton punctalus
Solidago sempervirens
Hydrocotyle bona:riensis

Vegetation zonations of exposed mainland beach when
the average wind direction is parallel rather than
perpendicular to the beach, as at Myrtle Beach,
South Carolina (after Graetz 1973).

occurs along most stretches of this shore, but in some area
salt marshes extend to the coast with no dune community development . These islands have sufficient width and elevation to
develop maritime shrub forests in the interior where salt spray
does not penetrate . Plant zones present are basically similar
to Subzone I, differing in sequence and width .
5 .4.3. Subzone III
No reports describing dune grass development were identified for Subzone III. The area is presumed similar to the
southern half of Subzone I .
5. 5.

Maritime and Other Forest Biomes

As indicated in the earlier sections, a zone of shrubs
develops at the margin of the ~pper marsh behind the spartina
patens meadow and behind sand dunes .
The shrub zone is typically dominated by Iva (marsh elder), Baccharis (salt myrtle),
and Myrica (wax myrtle). These shrubs and their associates
are tolerant of salt spray and occasional overwash by shifting
sands characteristic of barrier islands, but cannot tolerate
the more extreme stresses of exposed sand dunes except in a few
cases where conditions are relatively mild .
T~e so-called maritime forest is also called a live- oak
or evergreen- oak forest .
It is found behind coastal dunes and
on the mainland in areas where small amounts of salt are still
deposited in plants and soil . The dominant plants are listed
in Table 5 . 7.
Wells (Wells and Shunk 1938; Wells 1939) was the first
to recognize salt spray as a major controlling factor in phytomorphology and species composition in the maritime forest.
Based on the role of salt spray, he called this community a
salt spray climax. However, the lack of unequivocal data on the
mechanism of action of salt spray resulted in a lengthy controversy, finally laid to rest by Boyce (1954). The latter author
performed extensive physiological studies which clearly demonstrate the significance of salt spray.
The original studies by Wells (Wells and Shunk 1938;
Wells 1939), the physiological studies of Boyce (1954), and a
quantitative community study by Bourdeau and Oosting (1959)
were all conducted at least in part at Smith Island, located
at the mouth of the Cape Fear River. This is perhaps the single
stand of maritime forest relatively undisturbed by man to be
found throughout the study area.
No humans presently inhabit
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Table 5.7.

Forests of the Southeastern United States (from .
Braun 1950). Names modified where necessary
according to Radford, et al. 1964.

Pine and Pine-Oak Forests
Longleaf Pine For.ests
~ : xeric sands., deep sand deposits
Dominant plant species:
Pi nus pal u stris
l ong leaf pine
Understory (where it occurs)
turkey oak
upland willow oak
blackjack

Oue r cus lae v i s
O. incana
Q. ma ri l a ndi c a

Pine Flats, Savannahs and Bays
Soil : hardpan
i5ornrnant plant species:
Pi nus palus t r i s
P. ta e da
P . c ariba e a
P. serot i na

Loblolly Pine Forests
So il: mo i s t s a nds {? )
Location : Nort h/South Carolina
Dominan t plan t s pec ies :
Pinus taeda
Ouercus laevis
Pyxidanthera barbula t a
Arenaria caroliniana

Pine-hardwood Forests
Soil: moist fertile soils
i5ornrnant plant species:
Pinus taeda
Quercus spp.
Hicoria spp.
Liquidambar styraciflua
Nyssa syl va tica
Acer rubruJ11
Fraxinus spp .
Ilex opaca
I. vomitoria
362

l ong leaf p ine
loblolly pine
slash pine
(northern Florida)
pond pine {dominates in wettes t
ar eas)

loblolly pine
turkey oak
p yxie-moss
sandwort

l obl o l ly p i ne
vari ous oaks
vari ous hi ckories
sweet gum
bl ack gum
red maple
vari ous ashes
Ameri can hol l y
yaupon

Tab l e 5 . 7 .

(cont ' d)

Slash pine Forest
Soil: moist sand (?)
Location: southernmost Atlantic coast
coastal belt (Maritime community)
Dominant plant species:
Pinus caribaea
slash pine
Pinus spp.
various other pines
Quercus spp.
various oaks
(hydric communities)
Taxodium ascendens
pond cypress
Nyssa sylvatica var. biflora swamp tupelo
Swamp Forests - Uplands
Stream borders
Dominant plant species:
Nyssa sylvatica var. biflora swamp tupelo
Taxodium ascendens
pond cypress
Pinus serotina
pond pine
Bottom Forests - alluvial l ands
Swamp Forests
Location: Pamlico Swamp , Santee River Swamp,
Okeefenokee Swamp
Dominant plant species:
Taxodium distichum
bald cypress
water gum
Nyssa aqua tica
Hardwood Forests
(floods for portion of year)
Dominant plant species:
Quercus virginiana
Liquidambar styraciflua
Populus heterophylla
Fraxinus americana
Vlmus spp.
Platanus occidentalis
Celtis
Acer rubrum
Acer saccharinum

Ridge bottom Forests
(elevated areas of bottomlands)
Dominant plant species:
Liquidambar styraciflua
Quercus spp.
Car ya ova ta
C. t' l ,; YI O .~ n s i 8
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live oak
sweet gum
swamp cottonwood
white ash
elms
sycamore
hackberry
red maple
silver maple

sweet gum
various oaks
shagbark hickory
peca n

Table 5.7. (Cont'd)

Hardwood Forests
_
(upland and slopes, partial list of types)
Beech-Magnolia Forest
Location: North/South Carolina (beech only)
Georgia/ Florida
Dominant plant species:
Magnolia grandiflora
magnolia
(Magnolia virginiana?)
Fagus grandifolia
beech
Subdominant plant species:
Ilex opaca
Quercus alba
Q. nigra
Q. la ur ifolia
Q. prinus
Acer saccharum floridanum
Ostrya virginiana
Cercis canadensis

American holly
white oak
water oak
laurel oak
rock chestnut oak
southern sugar maple
hop hornbeam
redbud

Maritime Forest, Evergreen-Oak Forest, Live Oak Forest
Location: coastal dune~
Dominant plant species:
Quercus virginiana
live oak
Q. myrtifolia
scrub oak
Pinus caribaea
slash pine
Juniperus virginiana
red cedar
Bumelia lycioides
buckthorn (ironwood)
Horus rubra
mulberry
Osmanthus americanus
wild olive
Magnolia grandiflora
magnolia (bull bay)
Serenoa repens
saw palmetto (southern
areas only)
Sabal palmetto
cabbage palmetto

364

•

the island. Colonial fortifications, Civil War emplacements,
and former Coast Guard installations have had relatively minor
effects on the plant community. Only winds, tide, and salt
spray routinely impinge on this island. Smaller undisturbed
examples of this community are found . on Shackleford Bank to
the north, but in this case the habitat is continuously encroached upon by shifting sands. Smith Island is thus unique
and ideal for a natural laboratory.
The upland biome characteristic of the entire southeastern United States, exclusive of the southern portion of
peninsular Florida, is the Southeastern Evergreen Forest (Braun
1950). This biome can be subdivided into several subtypes of
which the maritime forest is one. The dominant species of each
type are listed in Table 5.7 along with notes on soil conditions
and general location. Generally characteristic of the area are
several pine species including longleaf pine (Pinus palustris),
slash pine (Pinus caribaea), and loblolly pine (Pinus taeda).
These trees are often the first species to invade denuded areas
and abandoned fields, growing in open stands with virtually no
understory. As these stands mature, various oaks and other
hardwoods may invade the pine forest along with saw palmetto and
sabal palmetto.
Heyward (1939), Heyward and Barnette (1934), Garren
(1934) and others described the maintenance of the pine forest
biome by natural or man-made fires. Fires serve to prevent full
development of hardwoods growing in the understory without
seriously damaging the pines. The extent to which controlled
burning is carried out today to manage the pine forest biome
has not been determined. It is presumably extensively used in
conjunction with other methods such as defoliant spraying since
the harvest of pines for paper and cellulose pulp production
remains an important industry in the area.
Various hardwood forest subbiomes which occur inland
from the coast are also listed in Table 5.7. These are dominated
by various oaks and a variety of other hardwoods in most cases,
the exact composition depending on edaphic conditions, moisture,
and age of the forest.
~l was not possible to map the distribution of forest
biomes in detail from available information. Forested areas
are shown in general terms on U.S. Geological Survey Topographic Maps. More detailed data are available only for public
forest lands held by the states or the Federal government.
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5.6.

Gaps in Available Information
a.

Detailed up-to-date distribution maps of all
vegetation zones should be prepared (studies
related to marsh distribution in South Carolina
and Georgia are in progress).

b.

Data on marsh productivity are limited in extent
and additional data would be necessary to estimate
the productivity of particular marshes proposed
for development for alternative land uses.

c.

The interplay between plants and geological
processes in stabilizing coastal land areas should
be further studied to evaluate how much modification
these areas can tolerate without jeopardizing the
stabilization processes and to minimize any destructive effects of development.

d.

The role of sea grass beds in estuarine productivity
and stabilization of the shore line should be more
completely documented with special attention given
to a) the range of conditions tolerated by sea
grasses (especially various types of pollutants)
and b) management procedures to maintain or replenish
grass beds.

'
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FISHERIES:

CHAPTER 6
COMMERCIAL AND SPORT
by

,

6.1.

Morris H. Roberts, Jr .
and
Kenneth Able

Introduction

This chapter covers the finfi~h and shellfish included
in the commercial and recreational fisheries of estuarine and
coastal waters to a depth of approximately 200 meters from
Cape Hatteras, North Carolina to Cape Canaveral, Florida.
The region is usually referred to as the Carolinian Province
based on faunal differences between this and adjacent regions.
Cape Hatteras or Cape Canaveral approximates the northern and/or
, southern limits to the distribution of several fish species
considered .
The coastline of this region is irregularly indented with
many productive bays and estuaries . These estuarine waters and
the productive marshlands which border them are of primary
importance to the fisheries resources of this region. Many
species spawn within the marshes and estuaries and spend their
juvenile stages here, including the striped bass, river herrings,
and shad. Others, such as the sciaenids, flounders, menhaden,
sea bass, eels, mullet and shrimp spawn offshore but the larvae
and juveniles are transported into the estuary and remain there
during their juvenile lives. Another group of subadult and
adult fishes and shellfish migrate into these areas seasonally
to feed and grow. These include menhaden, sciaenids, flounders,
striped bass and shrimp. White perch, oysters, hard clams, bay
scallops, and blue crabs are permanent residents of estuarine
waters.
The ¥atsrs over the continental shelf of the South
Atlant ic region vary in their physical nature and resource
potP~~·a1 'S truhs aker 1969 , and other chapters in this volume).
The area inshore of approximately 20 meters depth is the area
of t },~ r~ditio n a l fisheries for shrimp, crabs and the sciaenids.
~he bottom is generally smoot h and sandy and the area undergoe~ large seasonal t emperature fluctuations. Over most of the
. out er shel f (20 t o 200 me t ers) t h e bottom is smoot h and sandy
to muddy . This is t he dept h of t he cal ico scallop fishery .
Thi s area i s d i rect l y i nfluenced by t he Gu l f Stream, and bottom
tamperatures are of ten h i ghe r and more uniform seasonal ly t han
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those inshore. This accounts for the occurrence here of tropical fishes such as the snappers, groupers, and porgies.
Interspersed over the open shelf are areas of live-bottom habitat.
These consist of rock outcroppings and reef formations that
are heavily encrusted with sessile i~vertebrates such as sponges
and sea fans. These usually occur at depths greater than 30
meters but off North Carolina they occur at depths as shallow
as 18 meters. These are productive areas and support a handline fishery for snappers and groupers and the pot fishery for
sea bass. On the lower shelf, below 120 meters, the bottom is
predominantly smooth mud with relatively stable temperatures
and a cold ~ater, high-latitude fauna of hakes, flatfishes,
and butterfishes.
Seasonal variation in the occurrence and abundance of
many species is common, especially in the estuarine and nearshore areas. These variations result from fluctuations in
thermal conditions and migration patterns of the motile species.
No consideration is given here to species which are
not of commercial importance or which are sold commercially
but for which no statistics are maintained (bait fishes, or
various invertebrates used as bait such as worms, mole crabs,
squid, etc.). Several invertebrate species were considered in
Chapter 4 because of their ecological significance. Finfish
species, even of ecological significance (as predators or prey

for example) are not covered.

However, some citations relative

to these fishes are included in the bibliography.
6.2.

Commercial Fisheries

6.2.1. Landings
Catch statistics are available in annual summaries from
the National Marine Fisheries Service, U. S. Department of
Commerce. The most recent issue is Statistical Digest No. 64
for 1970. Catch statistics for 1971 and 1972 were taken from
the NMFS, Current Fisheries Statistics which are published
monthly for each state.
(At this writing, Annual Summaries
of Current Fisheries Statistics for 1973 are being issued.)
Caution must be exercised in interpretation of these
data for several reasons: 1) Data are given for an entire
state in the case of North Carolina and for the entire east
coast in the case of Florida. These states include extensive
geographic areas which are commercially important but technically are not covered in this report. This is especially
important since only a small part of the east coast of Florida
is included in the present study area, but landings report the
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whole east coast of the state. No attempt has been made to
determine the pound age in these two states which was landed
within the study area.
2) More importantly, catch statistics
are compiled by the area in which t he fish were landed rather
than the area where they were caught •.. Therefore data accumu~ated by state may be misleading.
3) Catch statistics presented
here give no estimate of catch per unit effort and may mask
changes in actual abundance.
The dollar value of the landings is compiled and presented
in Volume v and integrated with other economic features of· the
study area.
The finfish and shellfish land ings for 1972 in each
state and the 4-state total are presented in Table 6.1, arranged
by species. Historical landings data from 1965 to 1972 for
selected species are figured and presented with the species
summaries in Section 6.4. The species are ranked in Table 6.2
according to their contribution to the total fishery landings
of 1972 along with the ranking for the previous four years
(1968 to 1971).
The total landings in 1972 for all fisheries prod ucts
was 267,572,000 lbs of which 195,721,000 lbs ( 73%) were finfishes. The finfish landings by state varied considerably,
from 14 6 ,847,000 lbs (75% of total finfish landings in the 4
state area) in North Carolina to a mere 1,075,000 lbs (0.5%)
in Georgia. Florida (east coast) accounted for 21.8% (42,583
lbs) of the total finfish fishery . The shellfish fishery in
the four states was approx imately equal, ranging from 21,055,
000 lbs (29.2% of total shellfish land ings in the 4 state
area) in North Carolina, to 16,469,000 lbs (22.8%) in Georgia.
Menhaden is the number one fishery prod uct in the four
state area (105,951,000 lbs), with 80 % of the land ing occurring
in North Carolina. The blue crab (hard a n d soft shell combined )
is second (36,298,000 lbs) with 37 % of the landing occurring
in North Carolina. These t wo s pecies also d ominate the fishe r y
from Cape Cod t o Ca pe Hatte ras ( Sai la a nd P ratt 19 7 3 ) .
Other species which rank among the top 15 species on
both t ;1e sou thee.stern United States coast and the Middle Atlantic
CoasL ,i'::E" alewives (usually number four on the southeastern
Atlanti~ coast and the Middle Atlantic coast), and flounders
(the ~otal for all species ranks 9th on the southeastern U.S.
co?st while three species, yellowtail, blackback and fluke rank
in the too 15 rm the Middle Atlantic coast).
Twelve of the top 15 species in 1972 were finfish.
Eleven of these species (B finfish and 3 shellfish) depend at
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Table 6.1.

1972 landings (in thousands of pounds)

Species·
Alewives
Amberjack
Angelfish
Ballyhoo (halfbeak)
Bluefish
Blue runner (hard tail)
Bonito
Butterfish
Cabio
Catfish (and bullheads)
Crevalle (jacks)
Croaker
Dolphin
Drum, Black
Red
Eels
Flounders
Goatfish
Groupers
Grunts
Harvestfish
Herring, thread
Hickory Shad
Hogfish
Jewfish
Kingfish
Mackerel, King
Spanish
Menhaden
Mullet (combined)
Permit
Pigfish
Pompano
Sand perch
Scups & porgies
Sea Bass
Sea Trout, Gray
Spotted
Shad
Sharks
Sheepshead
Snapper, Red
Lane
Mangrove
Mutton
Vermillion
White
Yellowtail
Spadefish
Spot
Striped Bass
Sturgeon
Swellfish
Tilefish
Triggerfish
Tripletail
Warsaw
Unclassified
(for food)
(for misc. purposes)
Subtotal, finfish*
Clams, Hard
Crabs, Blue (Total)
Crabs, Stone
Lobster, Spiny
Oysters
Scallops, Bay
Calico
Shrimp
Squid
Subtotal, shellfish**
Total

Florida
No·. ca·r o'lin•a· · So. Caro'lina· Georgi•a · ·(East Coast)

11,237

1,168

718

12
4
279
1,876
113

13

3

88
3

2,398

960

101

4,109
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2

39

(1)

2

77
4,655

1
42
62

11
62

2

(1)

17

58

3

3

4~

51
21,424
69
683
9

96
84,692
1,177
172

172
1

5
2

3

201
5

521

7

1

39
635
7,372
503
468

30
547

61

18
159

344

1
15

(1)
52

4

5

2

26

2,269
68

156
148
115
175
634
120
(1)
271
402
6

174
199
68
76
154

15
(1)
3,902
1,261
154
56

3

8
1,117
3,489
3,369
21,257
2,156
9

7

5

14
2,271
68
101
14
88
128
61
267
96
515
40

33
5

1,940

8

4

9
2

4

279
3,057
113
3
88
17
5,730
68
4,582
14
129
175
191
5,046
96
590
42
51
21,424
75
3
8

2,173
3,499
3,475
105,951
3,854
7

181
164
153
71
1,358
7,547
1,181
1,091
5

275
469
6

174
199
83
76
154
(1)
8,144
1,266
230
56
4

9
2

41

93

355
167

355
260

42,583

195,721
695
36,298
67
6,432
1,868
128
1,352
25,247
23

5,216

1,075

247
13,529

48
7,422

9,059

165
1,120

152

63
6,288
67
6,267
126

8,085

7,258

303
4,341

16,840
22,056

16,469

17,487
60,070

21,055
167,902

11,955
12

41

146,847

470
128
1,050
5,563
15

Total

i7,544

8

71,851
267,572~

*Freshwater species and species with less than 500,000 pounds annual landings were
omitted from the species listing. Therefore, subt~tal is greater than sum of
listed species.
**Octopus, turtles, and Rangia were omitted in the listing by species but are included in subtotal.
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Table 6 .2 . Ran king by weight of selected species i n t he t o t a l c ommercial c atch with
comparison to rankings in 1968- 1971 for the top 2 1 species (catch >l
-; 11 ~0 n Eounds)*
Ra.r,k
1 972 Quant i ty
1g71 1470
1969
1968
1972
(thousands of eounds)
I
1
1
1
1
Menhaden
l 05 , 95 l
2
2
2
2
2
Blue crabs (hard and soft)
36 , 298
Shrimp
3
3
3
3
3
2 5 ,2 4 7
4
5
5
5
7
Thread herring
2 1,424
4
Alewives
11, 9 55
4
4
4
5
10
6
10
5
Spot
6
8 ,144
12
17
14
Gray sea trout
9
7
7 , 547
10
11
6
9
Spiny lobster
6 ,43 2
8
9
9
9
7
11
Flounders
·5, 0 4 6
20
21
19
19
Croaker
10
4,582
9
6
5
4
Mul l e t
11
3, 8 54
11
5
7
13
King Mackerel
12
3,499
12
12
9
6
Spanish Mackerel
3 ,4 75
13
13
14
13
11
Bluef i sh
8
3, 057
14
15
13
15
Kingf i sh
2 ,17 3
15
10
Oysters
15
19
16
16
1 ,868
19
16
15
18
Sea bass
17
1,358
lJ
28
33
Calico sca l lops
1,352
16
18
17
14
18
17
Stri ped bass
19
1,266
20
20
22
Spotted sea trout
20
21
1,181
,... ..,,
'),
, "'
_.._
1, 0 91
18
16
Shad
.....
,_ ,G
22
26
25
27
Hard clams
695
">
2j
25
~.)
24
24
Snappers (minus red)
692
22
23
21
24
23
Groupers
5 90
25
23
21
20
Red snapper
46 9
25
29
30
29
32
Stu r g erm
230
26
27
33
30
28
Eels
191
27
Red drum
31
28
32
29
175
28
30
27
26
24
Pompano
164
29
28
29
31
31
Black drum
12 9
31
31
22
23
Bay s c allops
128
30
33
24
27
26
Scup
71
32
26
. 67
32
32
33
31
S t one crabs
33
... . .
. . .
34
34
34
23
34
34
S~ui d .
*Catfish left o u t because this ~ a~eaorv inc l u des freshwater bullheads .
''\

. . ..

one point or another in their life cycle on the extensive
estuaries found on this coast. Many species with lower rankings
are also estuarine dependent.
Most species in the top 15 ar~ fairly consistent in
ranking from year tQ year. The major exceptions are gray sea
trout and croaker~ ~oth of which dropped out of the top 15
during the period covered jTable 6.2). Croaker, a sciaenid,
had recently undergone a major qecline throughout the Atlantic
Coast, but is now recovering. Gray sea trout, also a sci·a enid,
dropped from the top 15 only once in the five years summarized.
This species was also in decline during the early portion of
this period (Merriner, 1973). Spot showed a slight decline
during this period, but other sciaenids were not affected (at
least with regard to commercial landings).
Croaker and gray sea trout were replaced in the top 15
species ranking by 4 species: oysters in 1968 and 1971,
striped bass in 1970, and sea bass and shad in 1969. These
species have ranked 21st or higher throughout the remainder of
this period.
The domin ant species in the landings (over 1 million
pounds) differs in several ways between t h e four states (Table
6.3). The most obvious difference is the number of spec ies
involved in each state (13 for North Carolina, 10 for Florida,
4 for South Carolina and 2 for Georgia), and the number of
finfishes contributing over 1 x 106 lbs to the total landing
(10 of 13 for North Carolina, 7 of 10 for Florida, 1 of 4 for
South Carolina, and O of 2 for Georgia). In North Carolina,
3 sciaenid species are important contributors to the dominant
species i n the fishery . In South Carolin a and Florida, 1
sciaenid species (spot) ranks high . Of the top five species
for the entire area (Table 6.2), only North Carolina includes
all five, with a slightly different orderin g. Only blue crabs
and shrimp are among t h e dominant fis h ery products for all
four states.
Some species are not caught throughout -the region. For
example, groupers , s nappers, stone crabs, and spiny lobsters
are not cauaht in North Carolina. These southern species
rarely, if ever, occur in commercially profitable numbers as
far north a~ North Carolina. Other southern species (king
mackeral anu pompano) are only a minute portion of the total
Nort:. Carolina landings. In South Carolina and Georgia, many
sp~ci~s are landed only in small numbers (<10,000 lbs) or not
at all .
In some cases, this relates to the market and in others
· to habitat limitation. Abiotic factors and predation pressure
dre limitirg to hard clams in Georgia and commercial numbers are
not found in t:1is state (Godwin 1968a, 1968b). Also, oysters
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T?ble 6.3.

Rankings

w
co
w

Rankings of species in the total fishery by state for 1972 (for species
contributing over 1 million pounds to the total landing)
North Carolina

South Carolina
Shrimp

Georgia

Florida
(East Coast)

Blue crabs

Menhaden

Shrimp

Blue crab

1

Menhaden

2

Herring (threadfin) Blue crabs

3

Blue crab

Spot

Spiny lobster

4

Alewives

Oysters

Shrimp

5

Sea trout (gray)

Mackerel, King

6

Shrimp

Mackerel, Spanish

7

Flounders

Mullet

8

croaker

Spot

9

Spot

Bluefish

10

Striped !:;>ass

Whiting, king

11

Mullet

12

Bluefish

13

Scallops (Calico)

are not ' available in commercial quantities in Georgia but the
reasons are not well documented: probably lack of suitable
substrate, high turbidity, predation, and lack of suitable low
salinity seed setting areas. ·· In South Carolina, Georgia, and
northeast Florida, bay scallops are absent for lack of seagrass
beds which the larvae require for setting. Calico scallops
occur off South Ca-rolina and Georgia, but no beds with commercially profitable densities comparable to those off North
Carolina and Florida have been found. Some more southern
species (pompano, king mackerel, snappers) or more northern
species are not present in commercial numbers in South Carolina
and Georgia. In Florida, northern species are absent from the
fishery with the exceptions of striped bass and bay scallops.
The only indigenous striped bass population on the east coast
of Florida is in the St. Johns River and it is not of a size
amenable to commercial fishing though it is part of the recreational fishery.
6.2.2. Potential for Increased Landings

There are little or no data available to indicate that
any species presently fished could support a large increase in
landings. Some potential for increased finfish landings may
exist in South Carolina and Georgia, particularly where landings
are presently small. The major species which might be involved
are the various snapper species, red drum, spotted sea trout,
spot, menhaden and bluefish. Croaker could be added to the
list if populations recover former abundance . There appears to
be little potential for increased exploitation of shellfishes
in nearshore waters .
In deeper waters, several finfish and shellfish species
are available but are presently unfished, such as sea robins,
hakes, seabobs,and royal red shrimp. In some years, these
shrimp species have been specifically sought off northeastern
Florida, but the fishery has not been economically successful
with gear presently available. This experience has pointed up
a major limitation for development of any new offshore fishery;
the economic picture of costs versus return from sales must
be favorable before the fishermen will risk entry into such
potential fisheries .
6.2.3. Potential for Aquaculture
Se7eral species native to this area could be produced by
· limited or inten sive culture. The technology is available to
varying degrees to culture shrimp, oysters, clams, scallops,
pompano, mullet, blue crab (marginally), striped bass, and
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sciaenids (and perhaps other species). Several of these species
are cultured to some extent in other parts of the United States
and the world. Research and/or pilot production tests are in
progress for several others.
A number of technical, legal, and biological problems
remain before aquaculture can become a reality. For some
species, technical problems make a commercial venture unprofitable in that one or more phases of production are labor intensive or have a low yield, thereby increasing the total production
cost. Several problems are associated with plant siting:
availability of suitable locations (sufficient lanct area), availability of resources (salt and fresh water of snitable quality),
and cost of land. Lunz (1967) reported successful use of impoundments in the salt marshes of South Carolina in grow-out
production of several species (notably the blue crab). However,
recognition of the importance of salt marshes in the support of
natural fisheries raises the question, can man sacrifice salt
marsh habitats for use in aquaculture without serious ecological
dislocations? Present attitudes tend toward prohibition of
aquaculture as a use for salt marsh lands. Thus, Subzone II
would seem to afford few significant sites for intensive culture
(egg to market). Hatchery production would be feasible in some
cases (sedentary species such as oysters and clams ) provided
there were natural row-out areas available. Such areas are
very limite in Subzone II Godwin 96 a .
The present attitudes on use of salt marshes and various
biological factors raise a series of legal constraints. The
land-use priorities were already alluded to. ·Legal constraints
on the collection of brood stock for various species and the
impoundment of n aturally-produced larvae for grow-out operations exist in the region.
Assuming that the above problems can be resolved, the
problem of acquiring venture capital for capitalization costs
and initial operation remains. Farming in general is a high
risk venture and aquaculture is a particularly high risk business
Entrepreneurs anticipate making a profit at some reasonan1~ specifiec time interval after their initial investment.
The aquaculturist must face the question of market value of the
prod· ,.~ .
Since both capitalization and operation costs are
high, ~ulture 0£ low valued commodities is generally not profitahle at this time. On the other hand, it may be profitable even
ro -·· to culture high priced specialty items for which there is
a high demand. It is anticipated that aquaculture will be
a eve]aped along this coast, if the ~forementioned problems can
be solved by research, changed attitudes and a changed market
placr
Increased demand for high quality protein and/or a
decline in various natural fisheries could provide a more
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favorable economic picture for aquaculture. Successful aquaculture ventures will be dependent on a supply of high quality
water free of toxic materials.
Industrial development with
consequent pollution and habitat disruption could simultaneously
reduce the natural fishery and preclude the development of an
aquaculture industry at the very time such development is
needed. These kinds of problems must be considered in advance
of industrial development._
6.3.

Recreational Fishery ·

Data concerning recreational fisheries in the United
States are collected during surveys of the population living in
the 9 contiguous continental census . geographic divisions. A
sample of the population in each area has been interviewed at
five-year intervals since 1955 under the National Survey of
Fishing and Hunting Program within the Bureau of Sport Fisheries
and Wildlife. The 1965 survey included data on estimated
weights of fish caught by species and location (offshore or
estuarine) and method of fishing (private boat, party boat, surf,
pier, etc.)
(Deuel and Clark 1968). Data included in other
surveys were restricted to demographic and economic information.
Table 6.4 lists the number of saltwater anglers in 1960, 1965,
and 1970, and the number and estimated weight of fish caught in
1960 and 1965. All three measures of the recreational fishery
have increased during this time period.
Perhaps 50 fish species in 32 common name classifications
were included in the fishery in 1965 (Deuel and Clark 1968).
The number and weight for each species in 1965 are listed in
Table 6.5. The validity of this data, especially with regard
to weight, is subject to question since the total weight caught
by species was calculated from the anglers' estimates of average weight in his catch. The 1960 values were based on average
weight estimates provided by state conservation agencies and
fisheries experts and were quite comparable to those for 1965.
This suggests that any biases may be small. One might also
question these data because they are based on fishermens' recall at the end of the year rather than tabulation at the time
of catch. Finally, the values listed are estimates based on
samples of the population and include only "substantial participants ' (those who fished more than two or three times over
the yaa r ). For these reasons, data for the recreational fishing
shou,1 ~e viewed with considerable caution.
.

Py both numbers and weight of fish caught, the southea stern United States produced about one quarter of the total
U. s. recreational fishery. Commercial landings for 1965 are
incl~Je~ in Column 3 of Table 6.5 for those species included
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Table 6.4.

Estimated number of salt-water anglers and their
catches in southeastern United States (Cape
Hatteras to Florida Keys) 1960, 1965, 1970 (from
Deuel & Clark 1968 and U. s. Bureau of Sport
Fisheries and Wildlife, 1972).
1960

1965

1970

1,024

1,720

2,688*

No. of fish caught (in thousands)

156,942

190,802

---**

Weight of fish caught
(in thousands of pounds)

370,112

391,833

---**

No. of anglers (in thousands)

*The number of salt-water anglers living in the South Atlantic
census geographic division, not necessarily equal to the number
of people fishin! along the southeastern United States coast
or recorded !or 960 and 1965. Magnitude and direction of any
error unknown.
**Data not yet available.
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Table 6.5.

Estimated weights (in thousands of pounds) of salt
water anglers' catches in the Southeastern Atlantic
States (Cape Hatteras to Florida Keys) in 1965 (from
Deuel & Clark 1968) with a comparison to commercial
landings for some specie§ (from Statistical Digest
for 1965).
Numbers
Weight
Comm. Land~ngs
(xl03)
(xl03)
(xlO )
40.
1,690
1225
Bass, black sea
232
11,292
1643
Bluefish
8
88
Bonitos
290
9,386
Catfishes**
321
8,918
1866
Croakers
49
1,118
Dolphins
136
14,477
288
Drum, Black
151
15,171
Red
217
5097*
Flounder, Summer
180
5,177
281
Groupers
310
54,581
301
18,034
Grunts
38
1,504
Jacks
3695
King fishes
338
5,904
30
273
Ladyfish
74,132
2688
228
Mackerel, King
202
18,186
Spanish
3032
201
19,150
7404
Mullets
182
2,470
287
Pompanos
Porgies
231
23,213
155
2,076
Puffers
365
18,209
Seatrout, spotted
901
22
1,017
Sharks, dogfish
20
1,127
other
86
1,938
Snappers, red
641
264
25,400
274
yellowtail
other
49
3,673
Snook
100
25,935
Spot
266
8,499
3036
Striped Bass
108
1,503
486
Tarpon
40
6,219
Tunas
16
973
Miscellaneous
251
10,500
Total
190,802
39l,833
U. s. T_o_t_a_l_ _ _ _ _ _ _7_3_6_,~7_3_9___
1_,_4_7_4~,_3_5_3_ _ _ _ _ _ _ _ __
*all species
**for this region, this category refers to sea catfishes
of the genus Ariidae.
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in both fisheries.
It would appear that in every case, recreational fishing applied equal or greater pressure on these
species than did commercial fishing. This gives some idea of
the magnitude of the recreational fishery.
Detailed accounts of the recreational fishery by state
are not available in the literature. Several papers provide
limited historical data for several states [ general area:
King et al. (1962), Bauer (1962); North Carolina: Fahy (1965),
Davis (1967), and Hayne (1968); South Carolina: Bearden (1969);
Georgia: Abney and Kirkland (1966); Florida: Robins (1958),
Moe (1963a), and Anderson and Gehringer (1965)]. These cannot
be considered to describe the present situation in the recreational fishery and hence are not discussed further. There is
a real need for detailed examination of the recreational fishery
for each state.

6.4.

Life-History Summaries for Selected Species

Life history data for selected species of commercial and
recreational importance were compiled from the literature.
Where data were lacking for the study area on a given paraneter,
information from other geographic localities was substituted if available. These data should be viewed with caution,
but are included to provide some idea of the life of each
species.
A section on the fishery for each species or species
group (if not differentiated in the statistics) is included
with each life history indicating historical landings data for
the period 1965 to 1972.
The summaries are grouped into the general categories
of finfish (Section 6.4.1) and shellfish (6.4.2). Within each
category, species are arranged by family for easy reference.
In cases where several species are undifferentiated in the
fishery, the relevant fishery summary appears after the last
species in the group.
6. 4. 1.
6 .4 . 1 . 1 .

Finfishes
Cl upe i dae

Alosa aestivdlis (blueback herring, alewife, glut
greenback herring , black belly, river herring)
Literat ure: Beal 1 968
Bigelow & Schroeder 1 953
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Hildebrand 1963
Hildebrand & Schroeder 1928
Mansueti & Hardy 1967
Distribution: Nova Scotia ·to St. Johns River, Fla.
Migration: Adults:
inhabit coastal waters, enter brackish
and fresh water to spawn, never far above Tidewater,- also ponds with outlet to the sea; move
offshore again .after spawning. Young: leave
nursery areas late summer and fall .
Habitat: Larvae:
fresh and brackish rivers, juveniles:
usually in sea after first year. Adults:
schooling species inhabiting coastal water for
3 or 4 years before returning to estuaries to
spawn .
Food Habits: plankton, copepods, pelagic shrimp and fish
fry.
Reproduction: Anadromous, spawn in fresh and brackish
waters, males precede females on spawning ground
by about two weeks . Optimum spawning temperature
--21-24°c.
Season: Last half of April, first half of May in Potomac
River, earlier in more southern latitudes.
Fecundity:
60,000-200,000; average 120,000.
Age at Maturity:
4 yr.
Larval Development: egg development summarized in Mansueti
and Hardy (1967)
Growth: At maturity, 250 mm or less; greatest growth during
4th year; max. length about 380 mm and 13 ounces.
Average--280 nun and 7 ounces .
Mortality:
Predators: weakfish (Cynoscion regalis), bluefish, other
pellag i c fishes .
Diseases : Copepo ds, acanthocephalans, myxo spo rid ians,
nematod es, c estodes .
Fishery:
Area : b l ueba ck h e r r i ng (Alosa a e sti v alis) a nd alewife
(Alosa p s e udoh areng us) are n ot di ffere n tiated
and usually lumped in fishery statistics as
alewife or r iver herring. Blueb a c k herring
replaces alewife in south Atlantic and is most
important species. The fishery concentrates on
the spawning migration of adults. The foreign
fishing fleet especially United Soviet Socialist
Republic vessels, exploit the group along the
Atl~ntic coast.
Gear: pound nets, fyke and hoop nets, gill nets, haul
seines, trot lines (with baits), drop nets.
Statistics: Greatest landings from N. c. , peak catches
1967-1969 w~th marked decline to 1970; stable
1971-1972; S. c. with much smaller fishery which
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declined markedly from
Negligible landings in
in U. S. statistics is
vessels fishing at sea
ago.

1968 to 1970.
G&. and Fla. Not shown
the catch by foreign
initiated several years

Alosa sapidissima ·(American shad, also Atlantic shad, common

shad and white shad)
·
Literature: Davis 1957
Dodson & Leggett 1973
Hildebrand 1963
Hildebrand & Schroeder 1928
Holland & Yelverton 1973
LaPointc 1958
Leggett 1969
Leggett & Whitney 1972
Sykes & Talbot 1958
Walburg 1956, 1957a, 1957b, 1960, 1961
Walburg & Nichols 1967
Distribution: Newfoundland to St. Johns River, Fla.
Migration: undergo long distance oceanic migrations and
return to home rivers to spawn; timing and pattern
of these migrations regulated by water temperatures
in range of 13-180; migrate south in winter and
north in early spring and summer .
Habitat: Larvae: fresh to brackish water, maximum salinity
approx . 70/00. Juveniles: usually at sea after
first year. Subadults: in ocean for 3 to 6 years.
Food Habits: Larvae: midge larvae and copepods .
Juveniles:
aquatic and terrestrial insects most important .
Adults: crustaceans especially mysids, fish, also
mollusks, algae, and fish e ggs .
Reproduction: Anadromous, ascend natural streams to spawn
when water temperatures are 13-18°c, mostly in
tidal fresh water .
Season: November in Fla . a nd prog ressively later n orthward ; mid -February to May in N. c .
Fecundi ty: h i gher i n fis h fr om southeastern U. S. t han
fur t her north. Number s / f emal e not l o cated.
l! ge at Maturi t:y:
3 yr. minimum.
Larval Dt=.ve l opment: eggs and earl y larva e described and
,"!.iscussed in Hildebrand ( 1 963) a nd Mansueti and
Hardy (1 967).
Growth: Yc.,ung fish 3½-4 i:::i. long upon leaving rivers in
fall: at maturity, males 305- 447 mm, females
383-485 mm , maximum length approx. 760 mm,
maximum weight 14 lbs. , average 2- 4 lbs.
Mortality:
~ r edntors : Eg g : Ame r ican eel ( An quilla rostrata), catfish
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(Ictalurus spp.).
Young: eels, striped bass
(Morone saxatilis). Adults:
in river, comparatively
free of predators, in ocean, sharks,bluefin tuna,
kingfish.

Fishery:
Area: Atlantic east coast, mainly in estuaries.
Gear: pound nets, fyke and hoop nets, gill nets, haul
seines.
Statistics: declined 85% from 1896 to 1950 largely due
to damming and pollution of spawning area; catch
increased in N. c. in 1965, but has continued to
decline since that time; Ga. is second in landings
among the four states, one of the few significant
fisheries in this state; s. c. fishery smallest
stable.
Recreational: important locally when adults ascend rivers
to spawn.
Brevoortia tyrannus (Atlantic menhaden, pogy, bunker, mossback
old wife)
Literature: Dahlberg 1970a
Fahy 1966
Heald 1970
Henry 1971
Higham & Nicholson 1972
Hildebrand 1948
June & Chamberlain 1959
Kinnear 1973
Kroger & Guthrie 1973
Kunz & Radcliffe 1917
Lewis 1965, 1966, 1967
Lewis & Mann 1971
Lewis & Wilkins 1971
Nicholson 1972
Reintjes 1960, 1964, 1969
Distribution: Nova Scotia (46°N) to Fla. (27°N); mainly
in shallow waters over shelf and estuaries;
center of abundance, Chesapeake Bay and N. C.
Migration: eggs and larvae carried passively by bottom
currents into estu arine nursery grounds in
oligohaline zone d uring late winter and early
spring; remain 6-8 mo. in estuaries; offshore
migration begins in fall as temperatures drop;
some juveniles over winter in estuaries, Chesapeake Bay to Fla.; most migrate southward along
coast; adults migrate in dense schools, northward in spring following l0C isotherm, southward in autumn; some onshore/offshore movement
observed Cape Hatteras and south.

393

:3.0

SHAD

~2.0
X

en

C

z

:::>
0

a.

1.0

0

Figure 6.2.

5

66
1

67

68
6
YEARS
1

70

71

Commercial landings, by state and four-state
total, 1965-1972, Shad.

394

Habitat: juveniles develop in estuaries, mainly at
0-150/00; adults in larger bays and sounds and
over continental shelf to 60 km (max. to 130
km) offshore; preferred water temperature 1520C; tolerate <l-36?/oo. Form dense schools.
Food Habits: larvae selective feeders on crustaceans;
juveniles and adults omnivorous filter feeders
on small plankters.
Reproduction: spawn offshore, usually at night.
Season: October to March.
Fecundity: 38,000-631,000 eggs/female
Age at Maturity: 3 yr.
Larval Development: eggs float near surface; hatch within
48 hours; larvae 4.5 mm at hatching; enter
estuaries at 10-30 mm; metamorphose soon after
entering nursery gound; killed by temperatures
<SC if exposed for several days.
Growth: Juvenile: !mm/day. Growth rapid for first three
years.
1 yr.
½ lb.
3 yr.
1 lb.
9 yr.
l½ lb.
Males smaller than· females. Females mature at
200 mm.
Longevity: 6-7 yr. frequent; 8-10 yr. olds uncommon.
Mortality: see Henry (1970) for mortality rate estimates.
Predators: heavy predation by marine mammals, fish, seabirds, and man. Worst enemy is the bluefish.
Diseases: trematodes, cestodes, copepods, isopods;
most common parasites: Lernaeenicus radiatus,
copepod on sides of adults and Olencis praegustator,
isopod in buccal cavity.
Fishery: the largest commercial fishery in pounds landed.
Area: N. C. to Fla.; no landings in Ga.
Gear: Purse seines, haul seines, gill nets (runaround)
Statistics: N. c. landings dominate the total catch
in the region (<80%), followed by Fla. (20%);
N. c. landings have declined about 54% since
1966 as has the total catch for the region;
Fla. landings have declined about the same amount;
S. c. landings increased from near 10,000 in
1965 to 280,000 lbs. in 1966, were relatively
constant until 1969, and then dropped to about
1965 levels in 1970-1971; at maximum, S. c.
produced only 0.1% of total southeastern states
landings; decline due to small year classes,
1958-1961; some year classes overexploited.
(See Henry 1970 for analysis.)
Season: in general: April-October. South of Cape
Hatteras: March-November.
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Opisthonema oglinum (Atlantic thread herring)
Literature: Berry & Barrett 1963
Butler 1961
Fowler 1945
Hildebrand 1963
de Menezes 1969
Peterson 1956
Turner 1969
Distribution: Cape Cod, Mass. to Southern Brazil; Bermuda;
throughout West Indies.
Migration: No definite migration patterns known.
Habitat: forms dense schools at surface; coastal waters,
rarely penetrates estuaries to low salinity
waters·.
Food Habits: mainly copepods; also small fish, crabs I and
shrimp.
Reproduction:
spawn offshore.
Season: presumed May-June, Beaufort, N. c. somewhat.
earlier to the sou th .
Fecundity: unknown
Age at Maturity: 2 yr. (?)
Larval Development: Eggs and larvae unknown.
Growth: est. 35-60 mm at 1 yr., 90-120 mm at 2 yr.,
sexually mature at1 150 mm.
Mortality:

Predators:

bluefish, king mackerel, weakfish and

other fishes; pelicans.

Fishery:
Area: N. C. and Fla. only
Gear: Purse seine, menhaden (specially designed gear
used in Gulf Coast fishery).
Statistics: N. c. landings largest: variable, averaging
ca 4,100,000 pounds 1965-1971; jumped to over
21,000,000 pounds in 1972. Initial Fla. landings,
1967, were 2,600,000 pounds, and declined rapidly
to zero in 1972. Thread herring are used to
produce fish, oil, and meal and in pet food along
with menhaden. Special gear improves catch.
6.4.1.2.

Percichthyidae

Morone saxatilis (striped bass, stripers)
~iterature: Barkuloo 1970
Chapotan & Sykes 1961
Lewis 1962
Lewis & Bonner 1966
Leim & Scott 1966
Manooch 1973
Mansueti 1958
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•
•

•

•

Merriman 1937, 1941
Pearson 1938
Raney 1952
Raney
Raney, et al. 1954
Distribution: St. Lawrence River, Canada to St. Johns
River, Fla.; Gulf of Mexico, N. Fla. to La.;
also Cal. (introduced)
Migration: populations north of Cape Hatteras noted for
northward summer migration; populations south of
Cape Hatteras do not contribute greatly to
migratory schools; spawning migration to oligohaline spawning grounds in winter and spring.
Nursery grounds slightly downstream from spawning
grounds in southern states (see progress reports
for Anadromous fish program at N. c. State
University, Raleigh, N. c., for data.)
Habitat: pelagic; .2-3 yr. olds tend to school.
Food Habits: Yearlings to 3 yr. olds: Fundulus majalis,
Cynoscion nebulosus, Bairdiella chrysura,
croaker,
shad, and other fishes, shrimp, blue crabs, iospods;
older fish: alewives flounder, herring, hake,
Fundulus sp., eels, silverfish squids, crabs,
worms, amphipods.
'
Reproduction: anadromous, spawn in fresh water, 25-100
·
miles above tidal influence, external fertilization, buoyant eggs. Principal spawning grounds
in southeast, Roanoke River, St. Johns River.
Season: N. C.: April and May
Fla: February to July
Fecundity: 130,000 to 1,139,000 eggs/female in
Roanoke River, N. c. (ca. 80,000 eggs/lb body
weight); spawn more than once/lifetime, but not
every year.
Age at Maturity: percentage of mature females versus
age (N. C.).
4 yr.
25%
5 yr.
75%
6 yr.
95%
Males mature and spawn earlier, most by 2 yr.,
all by 3 yr.
I arval Develorment: spawned at 58-70°F; eggs require
currents to keep suspended.
Tolerdnce: 54 to 12°F
Growth: 1 yr.
20 cm.
2 yr.
24 cm.
3 yr .
38 cm.
4 yr.
45 cm.
5-10 yr.
increase 7-8 cm/yr.
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Fishery:
Area: New England to N. C. (minor fishery in Ga.)
Gear: Gill nets, haul ~eine on outer banks, p u rse seines,
otter trawls, pound nets, fyke and hoop nets.
Statistics: Annual catch variable; peak catch in 1970;
fishery characterized by "dominant year class"
phenomenon; fish usually 1-10 lb. when cau ght
but fish over 60 lbs. are taken; two main size
classes fished; 2-3 ,lb. and 30-40 lbs.; fishery
threatened by damming of rivers (prevents access
to spawning grounds), pollution, and over fishing.
Recreational: St. Johns River, Fla., Edisto River,
·
Santee River, Albemarle Sound; fish usually
<6 lb.
6.4.1.3.

Serranidae

Centropristis striata (black sea bass)
Literatu re: Beaurnarriag e 1969
Cupka, et al. 1 973
Frame & Pearch 1 973
Kendall 1 972
Lau e nda 1 94 9
Mille r 1 9 5 9
Mus ick & Mercer ( i n pre ss)
Ri v ers 1 9 66
Distribution : Gulf o f Main e to Fla. Ke y s, c ommo n from
Ca p e Co d to Ca p e Hatteras .
Mi g ration: No sig nifican t season al mi g ration i n population s
s o uth o f Ca p e Hatteras.
Ha bita t: Adults : live b o ttom habitats (reef, wreck s, etc. );
some young of y ear a nd yearlings e n ter hig h
salin ity portions o f e stuaries i n summer a nd l e a ve
i n f a ll, yo u ng i n s. c . t a ken from 5-3o 0 c.
Food Habits : Crus taceans , mollus c s , fish a nd echin o d erms
(see Cupka et a l for d etail s).
Reproducti on :
(ma t ure i n one to three years) protogynous
hermaphrodi t e , fema l e predomina t e in fish 1 30290 mm SL and males 290-370 SL , however , some
i ndi v i d u als may matu re f i rst as males .
S e ason: May off N. c.
Fecundity: Approximately 80,000 eggs per fish.
Age at Maturity: 1- yr.
Larval Deve~opment: eggs, larvae and juveni les described
and discussed by Kendall (1972); become demersal
at 13- 4 mm TL.
Growt h : Off South Carolina:
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,I

A51e
SL
I
115mm
II
164 mm
III
198 mm
IV
230 mm
V
265 mm
VI
305 mm •
VII
329 mm
Fishery: Fishermen do not distinguish between black sea
bass and rock-sea bass (c. philadelphica).
Gear: Otter trawl, and pots (traps) (N. C. & S. C.),
hand lines (Ga. & Fla.).
·
Statistics: Catch largest from September to June.
N. C. catch increased until 1967, then declined.
S. C. landings have increased dramatically since
1968 with increased potting effort.
Recreational: catch greater than commercial landings.
Epinephelus morio (Red grouper)
Literature: Bardach 1958a, 1958b
Bohlke & Chaplain 1968
Cervigon 1966
Jordan & Swain 1884
Leim & Scott 1966
Longley & Hildebrand 1941
Migdalski 1958
Moe 1963b, 1966, 1967, 1969, 1972
Randall 1961, 1962, 1968
Randall & Brock 1960
Rivas 1964
Smith 1958, 1961
Springer & McErlean 1962
Topp 1963
Distribution: Katama Bay, Mass. to Rio de Janeiro,
Brazil (Smith 1961); center of abundance:
Fla. shelf and Gulf of Mexico (Moe 1971);
regularly taken off Venezuela (Cervigon 1966);
not common in West Indies (Randall 1968);
one recorded stray to Nova Scotia (Leim & Scott
1966).
Migration: Adults: Shallow reef; little translocation
for extended periods; young migrate to deep
offshore waters at 400 mm SL and 5 years of
3ge; seasonal movements of adults occur up to
18 miles within 50 days.
Habitat: benthic, sublittoral; found only on rocky reef
bottoms within depths of 10-400 feet; frequently
occupy crevices, ledges and caverns.
Food Habits: unspecialized carnivores; small fishes of
many species, crabs (Portunus, Callappa),
panulirids, shrimps, octopi, squids, 83%
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crustaceans, 17% fish; feed indifferently day
and night.
Reproduction: protogynous hermaphrodite; sex cannot be
determined macroscop~ally unless gonads are
ripe; males in popu~ation do not exceed 10%
until age 9 years; 1:1 ratio (females to males)
at 15'- years; eggs released in low density over
rock surface in depths of at least 20 fathoms;
major spawning probably occurs along Florida
banks.
Season: April-May
Fecundity: mean number of eggs was 1,469,200 in 14
gonad samples .
Larval Development: pelagic; larval life estimated 3 0-4 0
days; juvenil es rare in-collec t ions since t hey
remai n stationary i n reef crevices during most
of life; smallest taken, a p proximately 20 mm SL.
Growth: · growth curves of males and females are very
similar, males grow to a greater ultimate size;
maximum size 50 lbs.; average size: 1-5 lbs.
Longevity: 26 years.
Mortality:
Abn ormalities: aberran t colo ration , albin ism a nd
xanthism reported; abnormalities of pelvic
fi n osteology ; skeletal t umors.
Fishery:

Area:

centered i n Fla., small variable fishery

to Ga.
Ge ar: pots (traps), hand lin es .
Statistics: Fla. fishery i n creased mark e d l y from
1966 to 19 6 8 ; v ariable with slig ht d eclin e
sin c e that time; Fla. p roduced 78 - 96 % o f
gro uper catch.
6.4.1.4.

S. C .

Pomatidae

(bluefish)
Bigel ow & Schroeder 1953
Deuel, Clark & Mansueti 1966
Leim & Scott 1966
Lund & Maltezos 1970
Dis~ribution: Cape Cod to Brazil and Argentina; sometimes
enter Gulf of Maine .
Migration; summer: enter areas with water temperature
>58F; winter: migrate offshore and southward;
disappear north of Cape Hatteras by early November in Fla., movement mainly onshore/offshore .
Habita~: pelagic, schooling, often in large masses; enter

Pomatomus saltatrix

Liter atur e:
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surf areas to feed; enter high salinity estuaries.
Food Habits: voracious feeders on menhaden, herring,
mackerel I alewives, various small fishes, squid,
and shrimp; juveniles (snappers or snapper blues)
feed on copepods, molluscan larvae, fish fry.
Reproduction: spawn offshore, external fertilization;
eggs bouyant; eggs most abundant 30-100 mi. offshore.
_
Season: spring to August
Fecundity: unknown
Larval Development: eggs hatch in 46-48 hr. at 20°c,
32.5 o/oo salinity; larvae 2.0-2.2 mm at hatching;
reach 2.9 mm in first day; immature fish found
close to shore.
Growth: fry reach 10-23 cm by fall, 20-30.5 cm by
spring:
1 lb.
35. 6 cm
2 lb.
43.2 cm
3 lb.
50.8-53.3 cm
4 lb.
61 cm
8 lb.
71.1-73.7 cm
10-12 lb.
76.2 cm
Maximum size: 50 lb., 160 cm.
Fishery:
Area: New England to Fla.; catch seasonal as
populations migrate.
Gear: Gill net, haul seine, otter trawls, pound nets,
troll lines, hand lines.
Statistics: Fla. had largest landings throughout
1965-1972 with peak landings in 1968-1970 and
a decline in 1971. N. c. landings next, with
just under 900,000 lb/yr., 1965-1969, declining to ca. 500,000 lb. in 1970, and rising
steadily to 1,158,000 lb. in 1972. S. c. landings
small; Ga. landings negligible.
Recreational: seasonal at various locations depending
on migratory pattern; caught by surf casting
or boat fishing with small fishes, clam, or
worms for bait. 1960:
7181 fish caught from
Cape Hatteras to Fla. Keys (of 23,760 from
entire Atlantic Coast).
6.4.1.5.

Carangidae

Trachinotu.s carolinus (Atlantic pompano, sunfish)

Literature:

Bellinger & Avault 1970, 1971
Berry & Iverson 1967
Birdsong & Avault 1971
Evermann & Marsh 1902
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Fields 1962
Ginsburg 1952b
Goode 1882
Gregg 1902
Gunter 1945
Hildebrand & Schroeder 1928
Vinton 1905
Meek & Gross 1885
Moe 1972
Moe, et al. 1968
Nichols & Breder 1926
Nichols 1929, 1934
Randall 1968
Tracy 1910
Distribution: Mass. to Fla.
Migration: undergo extensive migrations; larvae move
northward and enter surf zone; adults move
northward after spawning, southward in fall;
larvae are transporte.d by Gulf Stream.
Habitat: sandy shore zone as larvae and juveniles;
young never taken in bays; adults often found
in turbid waters.
Food Habits: opportunistic, mainly benthic invertebrates;
molluscs, small crustaceans, diatoms, vegetable
debris, invertebrate eggs, polychaetes; may
accompany rays and feed on rejected or uncovered
molluscs; larger juveniles eat a more restricted
diet of coquina clams or clupeid larvae.
Reproduction: external fertilization, small specimens
collected offshore in south Atlantic may
indicate spawning in open ocean, perhaps Gulf
Stream where larval transport is facilitated.
Season: east coast of Fla.; April and May.
Fecundity: unknown.
Age at Maturity: unknown.
Larval Devleopment: larvae (7.2, 11 . 0, 14.8, and 18.9 mm)
are described and illustrated by Fields (1962);
methods for distinguishing carolinus, goodei and
trachinotus are tabulated; the recruitment of
juveniles 13-18 mm SL on Ga. beaches occurs
in waves beginning in May and ending in October
at monthly intervals; fish leave beaches at
60-70 mm wheL f.all temperatures drop to 19OC
{October) •
Growth :
12.7-31.8 mm/mo.
{Berry & Iverson 1967)
ca. 36 mm/mo.
{Bellinger & Avault 1970)
14-30 mm/mo.
{Fields 1962)
maximum size estimates:
610 mm 6-8 lb .
{Evermann & Marsh 1902)
5 lb .
{Hildebrand & Schroeder 1928)
408

-- 26 lb.
(Gregg 1902)
440 mm -(Gulf Coast; Ginsburg 1952)
Longevity: 3-4 years.
Mortality: mass mortalities are reported in commercial
culture ponds (Moe ~t al. 1968); acute
toxicity is recorded for various chemical (Birdsong and Avault 1971)
Diseases: protozoans, nematodes, cestodes, trematodes
and copepods are parasites of carolinus (Linton
1905).
Trachinotus falcatus (Atlantic permit, great pompano, round
pompano)
Literature: Berry & Iverson 1967
Bohlke & Chaplin 1968
Fields 1962
Ginsburg 1952b
Linton 1940
Moe et al.1968
Nichols & Breder 1926
Nichols 1934
Randall 1968
Springer & Woodburn 1960
Distribution: Mass. to Brazil; young common in N. Y.,
·July-October
Habitat: Characteristic of clear water; occurs on sand
flats and reefs.
Food Habits: opportunistic, molluscs, sea urchins, worms,
and crustaceans such as isopods, amphipods,
barnacles, calanoids, decapod larvae.
Reproduction: spawn offshore in close proximity to the
axis of the Gulf Stream, long period of beach
recruitment suggests a prolonged breeding season
much of which is restricted to subtropical waters.
Season: not well defined, April to October (?)
Fecundity: unknown.
Larval Development: larvae 5.0, 7.7, and 16.9 mm are
illustrated and described by Fields (1962);
young move in schools while adults are solitary;
falcatus arrives on Ga . beaches between late
May and November at 18-44 rnrn SL; major influx
(12-40 rnrn) occurs in October; in Fla. juveniles
are taken along heaches throughout the year.
Growth: several estimates of maximum size: 50 lbs.,
3 ft. 7 in.; 790 rnrn (Ginsburg 1952).
,4ortali ty :
Parasites: Protozoa, trematodes, copepods.
Fishery: several species not differentiated in fishery .
Ar ea : N. C. to Fla., offshore .

409

Gear:

haul seines, gill nets, otter trawls, trammel
nets, hand lines.
Statistics: Fla. dominates total catch. Landings
increased 107%, from 1965 to 1968, then declined precipitously to about 50% of 1965
catch in 1971. S. C. and N. C. had peak
landings in 1966 and 1967 respectively with
only minor catches since. Ga. has had
negligible landings. throughout period.

6.4.1.6.

Lutjanidae

Lutjanus aya (or campechanus) (red snapper, Gulf red snapper)
(For taxonomic problems in red snapper complex see Rivas
1966 and Anderson 1967)
Literature: Anderson w. D. 1967
Camber 1955
Futch & Torpey 1966
Moe 1963, 1972
Rivas 1966, 1970
Struhsaker 1969
Distribution: Mass. to Gulf of Mexico; common off
southeastern u. s. and in Gulf of Mexico.
Migration: some evidence of seasonal migration, inshore
in summer, offshore in winter.
Habitat: reefs, banks, and rock outcrop from 10-100 fms;
tolerate 55°-00°F, larger fish in deeper water.
Food Habits:
juveniles: small crabs, fishes, shrimps,
squid and octopi; adults: shrimp and fish.
Reproduction: no sexual dimorphism; sex ratio 1:1;
spawning occurs offshore in late summer in
Gulf of Mexico and possibly inshore.
Season: summer (Fla.)
Fecundity: unknown.
Age at Maturity: 1 yr . or more.
Growth:
juveniles grow rapidly, first year 200-250 mm
SL, grow at 80 mm per year, maximum size about
750 mm, maximum weight about 30 lbs .
Fishery:
Area: N. C. to Fla.; mainly Fla. {>90% total catch)
Gear: hand lines or mechanized reels, otter trawls,
pots .
Statistics: Catch in Fla. has declined since 1968;
Ga. catch declined, 1968-1970, but recovered
1971-1972. Carolinas catch has declined since
1968. Catch status may include other species.
Recreational: party boat fishery in Fla. and head
boats throughout the region. Potential for
increased fishery in S. C.
I
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Lutjanus griseus (gray snapper, mangrove snapper)

Literature : Starck & Schroeder 1970
Distribution: Cape Cod, Mass. to Sao Paulo, Brazil,
common in West Indies faunal region, common
along entire Fla. coast.
Migration: sexually mature fish migrate to offshore
reefs in summer and return inshore after spawning.
Some fish remain on reef all year.
Habitat: variable; inshore grass beds, mangrove areas,
estuaries, lagoons, deeper channels and
offshore reefs. Juveniles (10-80 mm): shallow,
inshore waters of varying salinity (3-350/00),
often over grass beds, occasionally into fresh
water. Subadults (>70-90 mm): congregate around
brush, logs, and debris near grass flats and
edges of channels. Adults: deeper channels
and farther offshore.
Food Habits: copepods, amphipods, palaemonid shrimp,
panaeid shrimp and portunid crabs; fish
· important in diet of large snappers; juveniles
feed during day in grass beds, larger fish
are nocturnal feeders.
Reproduction: migrate to offshore reefs to spawn.
Sex ratio equal.
Season: June to August, possibly near full moon
periods.
Fecundity:
500 eggs per female; more than one spawn
per female.
Age at Maturity:
3 yr.
Larval Development: eggs demersal, larvae unknown, juveniles
described in Starck and Schroeder, 1970.
Growth: varies greatly, fastest during August and September,
average; 4 mm/month over the year; (see Starck
and Schroeder 1970 for more details).
Longevity: 4 yr (407 mm SL)
Mortality: lethal low temperature limit of 11-14°; corresponds with several reports of stunned and dead
fish.
Predators: barracuda and green moray.
Diseases: intestinal trematode ecology discussed by
Starck and Schroeder (1970); others include
acanthocephalans, nematodes, cestode. Tumorous
growths in 5-10% of large snapper in certain
localities.
Fishery:
Commercial: does not support an independent fishery but
is important adjunct to other fisheries, largest
fishery (hook and line) in Florida Keys, presently
underexploited.
Recreational: greater than commercial fishery.
413

Lutjanus analis (mutton snapper, mutton fish)
Literature: Bohlke & Chaplin 1968
Moe 1963
Rivas 1966
Starck & Schroeder l970
Distribution: New England to southeastern Brazil;
Gulf 'Of Mexico.
Habitat: Juveniles: tidal creeks and bights surrounded
by mangroves (ocassionally on grass beds);
Adults: 66°-02°F, 4-47 fms.
Food Habits: feed on crustaceans, mollusks and fish,
especially small grunts (50 specimens, 204620 mm).
Growth: maximum 30 inches, 25 lbs., average 8-10 lbs.
Fishery:
Recreational: important on lower east coast of Fla.
Rhomboplites aurorubeus (vermillion snapper)
Literature: Bohlke & Chaplin 1968
Cummins, et al. 1962b
Druzhinin 1970
Moe 1963
Struhsaker 1969
Distribution: Cape Hatteras to southeastern Brazil
including Gulf of Mexico.
Habitat: common over live bottom and shelf edge in
. deeper waters.
Reproduction:
Season: June to August.
Growth: maximum size 20 inches.
Fishery:
(General for all except red snapper) underutilized
resource, potential for expansion.
Area: N. C. to Fla., mainly Fla. (almost 100%).
Gear: hand line.
Statistics: Fla. fishery has been increasing since
1967; up 160%, 1972 over 1967.
Recreational: part of party boat snapper catch in
Fla.; potential in other states.

6.4.1.7.

·

Sparidae

Life histories for members of this family are difficult
to swnmarize because of data g a p s. At least for the genus,
Calamus, the porgies, even the taxonomy designations remain
unstable
(Randall and Caldwell 1966). Stenotomus chrysops
and Calamus spp. appear in commercial fisheries statistics
as "scups and porgies." The abundant pinfish, Lagodon
rhomboides, is included in the category "unclassified."
414
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The other major sparid in commercial and recreational fisheries
is the sheepshead, Archosargus probatocephalus. Life history
summaries are attempted only for the northern scup, Stenotomus
chrysops, and the pinf ish, La·godon rhomboid es.
Lagodon rhomboide~ {pinfish)
Literature: Caldwell 1957
Cameron 1969
Hansen 1970
Hildebrand & Cable 1938
Kilby 1955
Kloth & Wohlschlag 1972
McLane 1955
Reid 1954, 1955a, 1955b
Springer 1957
Distribution: Cape Cod, Mass. to Yucatan, Mexico {including
Florida Keys); Bermuda.
Migration: adults move offshore in fall and winter, return
in spring; juveniles move into nearshore waters
at 11 mm total length.
Habitat: live bottom habitats, sea grass beds, epibenthic.
Tolerances: Salinity: 0.1 to 37.2 o/oo {juveniles
penetrate lowest salinities). Temperature: 4.7
to 36.9°c {"dazed" at 4.7°C). Depth: >Oto 80 m,
larger fish prefer deeper water.
Food Habits: omnivorous; mainly small crustaceans; plant
material dominates stomach contents during
summer and fall; Caldwell {1957) felt that it
was ingested only incidental to prey capture;
also consume significant numbers of molluscs and
and small fishes, invertebrates dominate stomach
content during fall and winter; voracious by
day, inactive at night.
Reproduction: spawn at considerable distance from shore;
time and place seem to be related to depth and
temperature; eggs buoyant.
Season: mid-October to March, peak December to January.
{Cedar Key, Fla.); similar season reported for N. C.
Fecundity: 90,000 eggs/female {based on one fish, total
length 157 mm); 21,600 eggs/feIPale {7,700-39,200)
for females 111-152 mm long.
Age at Maturity: 1 yr.
Larval Develop.aent: larvae and postlarve found only
offshore; tolerances unknown.
Growth: Cedar Key. Fla.: 1 yr. 70-75 mm {50-95 mm)
2 yr. 100-110 mm {65-? mm)
growth ceases in winter, rapid growth
in summer; estimated 45 mm annual growth increment
2 yr. and older {Caldwell 1957). Growth rate by
416

season, Pensacola, Fla. (Hanson 1970).
spring
0.12 mm/day
summer
0.14 mm/day
fall
0.20 mm/day
winter
0.09 mm/day
Average
o:T4 (=51 mm/year)
Longevity: 7 yr.(?) for specimen 328 mm long; more
typically~ 3 yr.
Mortality:
Predators: various fishes including sailfish, spotted
sea trout, Gulf Lake, toadfish, flounder, and
probably grouper, snook and tarpon; birds
including cormorant, brown pelican, and man-o-war
bird; spotted dolphin; man.
Diseases: rarely parasitized, but known parasites
include protozoans, trematodes, isotodes,
nematodes, acanthocephalans and copepods.
Fishery:
Area: throughout geographic range.
Gear: otter trawl, gill net, cast net, hand line.
Statistics: no data referring specifically to this
species but listed as unclassified.
Recreational: taken on hook-and-line; panfish not
recorded as separate category in recreational
fisheries statistics.
(Deuel and Clark 1968).
(Northern scup)
Breder 1948
Neville & Talbot 1964
Smith 1965
Smith & Norcross 1968
Struhsaker 1969
Distribution: Me. to northeastern Fla. (contrary to Smith
& Norcross 1968; see Struhsaker 1969); d~mi~ated
exploratory trawl samples off S. C. (16.4% of
catch by weight).
Migration: Apparently migrate southward in the fall,
northward in the spring.
Habitat: live-bottom habitats and shallow nearshore
waters.
Reproduction: spawn offshore.
Season: late spring (June in N. Y. and Mass.)
Fecundity: unknown.
Age at Maturity: probably 3 yr.
Larval Development: eggs buoyant, hatch in about 40 hrs.
at 22°c; larvae 2- 8 mm long at hatching.
Growth: length 97.5 mm at 1 yr. 153.3 mm at 2 yr.
Fishery:
(includes progies of genus Calamus as well as
scup).

Stenotomus chrysops

Literature:

417

\

s. chrysops taken south to northeas tern Fla.;
Calamus spp. taken throughout area.
Gear: otter trawl, gill net, hand line.
Statistics: N. c. has had the largest landings based
on winter trawl fishery, principally s. chrysops.
A major decline occurred 'in the fishery from over
1 million pounds in 1966 to a mere 30 thousand
pounds in 1972. S. C. landings were virtually
nonexistent before i969, peaked at 290 thousand
pounds in 1970, but declined to 30 thousand pounds
in 1972. This increase followed on the heels of
a report that scup was the most abundant fish (by
weight) in exploratory trawls off S. c. Florida
fishery apparently based on Calamus spp. Total
landings for the area have declined from 1.9
million pounds to 70 thousand pounds, due to decline of s. chrysops, perhaps resulting from over-fishing.

Area:

6.4.1.8.

Sciaenidae

Cynoscion nebulosus (spotted sea trout)
Literature : Dah lberg 1972
Futch 1970
Heald 1970
Hild ebrand & Cable 1 93 4
Hildebra n d & Sch roeder 192 8
Mo ffett 1961
S t ruhsaker 1 969
Tabb 1 960 , 1 966
Tagatz & Dudl ey 1 96 1
Distribution : N. Y. to Tex .
Habitat: coas tal; s oun d s and estu arie s t h roughout life
c y cle .
Food Habits: y oung feed on penaeid shrimps, copepods,
carid shrimp, killifish, gobies and other
small fish; adults feed on fi s h and penaeid shrimp.
Re p rod uction : spawn near mouth s of estu aries .
Seaso n : early s p ring to late summer (March to October ) ,
peak in April-May.
Fec u r~ity : unknown.
Ag~ at Ma t urity:
3 yr.
Larv a l Development: nursery grounds in upper estuary,
0-15 o/oo salinity; enter grass beds during
juvenile stages.
Gr ow~L: growt h fas t er in summer than winter; sexually
mature at ca. 25 mm SL.
Fi shery:
Area: N. c. to Fla .
Ge~r : haul sei nes , ot t er t r awls , pound ne t s , g i ll ne t s ,
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trammel nets, hand lines, troll lines.
Statistics: largest landings in Fla., stable
1965-1972; N. C. landings have increased
from 1968 to 1972, nearly ·equal Fla. landings;
south to l972, nearly equal Fla. landings;
S. C. and Ga. landings negligible, stable.
Recreational: A major .species in southeastern U.S.
(one of top 12 species).
Cynoscion regalis (Gray sea trout, weakfish)

Literature:

Ginsburg 1929
Joseph 1972
Merriner 1973
Struhsaker 1969
Welsh & Breder 1923
Distribution: Mass. to Fla.; center of abundance,
Chesapeake Bay and N. C.
Habitat: sounds and bays; Md., Va., and Carolinas have
major nursery grounds.
Food Habits: Vary locally; N. C.; shrimp, anchovies,
and clupeid fishes; m~nha<len predominate in
fish over 350 mm SL.
Reproduction: spawn in lower estuary, chiefly at night.
Season: March to August, peak late April-June.
Fecundity: unknown.
Larval Development: eggs pelagic; larvae dispersed throughout estuary.
Growth: Hatteras:
58 mm avg. annual increment, age O-V;
annual weight increments 59, 165, 225, 427,
and 467g, age O-V respectively.
Morehead, N. C.: 33 mm avg. annual increment,
ages O-II, annual weight increments 66 and 57g,
age O-II.
Fishery:
Area: Va. to Fla.
Gear: haul seines, otter trawls, pound nets, gill nets,
trammel nets, hand lines, troll lines.
Statisti~s : N. C. landings greatest, Fla. next, with
negligible landings in S. C. and Ga. N. C.
la11dinas increasing, 1969-1972; Fla. landings
stable, S. C. and Ga. landings ended with 1970
and 1969 respectively.
Recreational: harvest greater than commercial landings
along Atlantic Coast.
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Leiostomus xanthupus (Spot)
Literature: Dawson 1958
Heald 1970
Joseph 1972
Pacheco 1973
Parker 1971
Struhsaker 1969·
Welsh & Breder 1923
Habitat: coastal, to shelf edge during winter (esp. off
s. C.); found over trawlable bottoms
and live-bottom habitats; young spot most abundant
in estuaries and rivers with marshes and mud
bottoms; euryhaline.
Food Habits: omnivorous; preference for small planktonic
and benthic crustaceans and annelids; young
depend heavily on zooplankton rather than benthic
species.
Reproduction: external fertialization, spawn in lower
estuary or offshore (still debated).
Season: October to March, peak in December and January
(still somewhat hypothetical).
Fecundity: unknown .
Age at Maturity: unknown.
Larval Development:
larvae passively transported to
oligohaline nursery grounds; remain on nursery
ground until fall.
Growth: see Table 6.6.
Fishery:
Area: Md. to Fla.
Gear: haul seines, otter trawls, pound nets, gill nets,
trammel nets, hand lines.
Statistics: Landings highly variable from year to year;
N. c. had the highest average landings over the
1965-1972 period followed closely bys. c. and
Fla.; Ga. landings low, with large increase in
1972; total landings for area with peaks in 1967
and 1972. As noted earlier, spot is the only
major finfish caught commercially ins. c. Ranks
high in N. C. and Fla.
Recreational: significant recreational catch throughout
area; magnitude not known.

Menticirrhus americanus (southern kingfish, king whiting,
king~ ish, sea mullet)
Literature: Beard en 196 3
Godwin, et al. 1971a, 1971b
Hildebrand & Cable 1934
Irwin 1970
Linton 1905
Welsh & Breder 1923
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Table 6.6
Growth d ata for Leiostomus (from Dawson, 1958).
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stanaara Ien2tn1.n miIIimeters at ase:
1 :tear 2 :tears 3 :tears Other

Author

Method

Are a

Hi l debr and and
Schroeder {1928 )

Lengthfrequency

Chesapeake
Bay

101.4

Pearson (1929)

Le ngth
fre quency

Te xas

103.8111.9

152.5168.7

Welsh and
Breder {1923)

Scales

New Jersey

63.379.5

132.6176.9

Wel sh and
Breder {1923)

Lengthf requency

Fernand ina
Florid a

111.9

Hildebrand and
Cable (1930)

Lengt h fr eque n cy

Beaufort,

111.9

Townsend {1 956)

Scale s and Alligator
LengthHarbor,
frequency Florida

Pacheco {1 95 7)

Scales

*beginn ing of third year.

N. C.

95129

193.1233.5

241. 7 at
4.5 years

152.5 to 160.7
in 16 to 17 mos.
150185*

Chesapeake 133.9- 157.0Bay
180.0
0-216.6
mean 157.0 mean 198.2
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Distribution: Long Island, N. Y. to Buenos Aires,
Argentina; common Chesapeake Bay to Fort Pierce,
Fla. Most abundant Menticirrhus off N. C. and
Habitat:

s. c.

Larvae: bottom dwelling, inside inlets, tidal
creeks and estuaries ; juveniles <50 mm: usually
shallpw ·water from open surf on sandy beaches
to tidal creeks and rivers; subadults, 50-150 mm:
estuaries or ifishore; mature adults, >150 mm:
nearshore on outside of barrier islands or in
deeper water (5-20 fms) usually over clean
sandy bottoms. Collected from 8-3o0 c, most
common >15°c. Euryhaline, 6-35 0/00.
Food Habits: Carnivorous bottom feeder; juveniles,
15-80 mm SL: copepods, small polychaetes, my sid
shrimps, amphipods and shrimp larv ae ; 81-135 mm
in SL: polychaetes, amphipods, small penaeid
shrimp and small crabs; 136+ mm SL: annelid
worms, shrimp, and small crabs.
Reproduction: Spawn offshore ( 5-20 fms); external fertilization.
Season: April through August ; peaks during June, July
and August.
Fecundity: unknown.
Ag e at Maturity: males, 2 yr. (195 + mm SL), females,
2-3 years (230 + mm SL).
Larval Development: Described by Hild ebrand and Cable (1934).
Growth: rapid: 1st summer after spawning, 100-117 mm
SL ; 2n d summer, 150-170 mm SL ; 3r d summer,
22 0-2 30 mm SL . Max. s ize : 419 mm (2- 2½ lbs.).
Av erag e weig ht of fis h caug ht by ang lers off
Ga. 3/ 4 to l½ lbs. ; from Beaufort, N. c . ½ lb.
Mortality:
Diseases: tapeworms, nematod es, trematod es, isopods.
Menticirrhus saxatilis {northern kingfish, also king whiting ,
surf whiting)
Literatu re : Beard e n 19 63
Hi l debra nd & Cable 1934
Irwin 1970
Pearlmutter 1939
Schaefer 1965
Welsh & Breder 1 923
Distribution: Casco Bay, Me. to Progresso, Yucatan
common Cape Cod to N. C. Few adults taken
where M. amerlcanus and M. littoralis are
abundant.
Habitat:
juveniles , <60 mm , : open surf , outer sandy
beaches during summer, occasionally found
in bays and inlets ; larger specimen: deeper
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water (to 70 fms) over clean sandy bottoms.
Food Habits: carnivorous; penaeid shrimp, polychaetes,
fish, other invertebrates.
Reproduction: Spawning offshore.
Season: Spring and surnrne~, probably peaking in April
and May.
Fecundity: unknown.
Age at Maturity: 1 or 2 yr.
Larval Development: Eggs described by Welsh & Breder (1923),
larvae <10 mm by Pearlmutter (1939) and 10-25 mm
by Hildebrand & Cable (1934).
Growth: rapid, 140-150 mm by September of first year.
Faster growth suggested by Schaefer (1965)
for fish from N. Y. Greatest total length
457 mm, greatest weight 2-3 lbs.
Menticirrhus littoralis (Gulf kingfish)

Literature:

Dahlberg 1972
Hildebrand & Cable 1934
Distribution: Chincoteague, Va. to Rio Grande, Brazil;
common south of Cape Hatteras and in Gulf of
Mexico.
Migration: moves offshore during cool seasons.
Habitat: Juveniles: shallow water, usually open surf
or sandy beaches within few inches of waters
edge; Adults: shallow open surf to 20 fros
over clear, sandy bottoms, not found from waters
of sounds and bays.
Food Habits: predominantly crustaceans, especially
Emerita:
also molluscs and fishes.
Reproduction:
Season: April-September in Ga., May to August in
N. C.
Fecundity: unknown.
Age at Maturity: unknown.
Larval Development: larvae ·>10 mm described by Hildebrand
and Cable (1934).
Fishery: three species of Menticirrhus not differentiated
by fishermen; combined in commercial landing
statistics as king whiting or kingfish.
Area: throughout southeastern states.
Gear: otter trawls, haul seines, pound nets, gill
nets, hand lines.
Statistics: Largest catches during winter and early ,
spring; Largest landings from Fla. and N. C.;
landings show gradual decline over last 10-15
years.
Recreational: Sport catch probably equals or exceeds
commercial catch; taken from pier, bridge and
427
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boat fishing and in surf. Second most abundant
sport fish in N. C. , third in S. C.
Micropogon undulatus (croaker)
Literature: Haven 1959
Heald 1970
Joseph 1972
Pacheco 1973
Parker 1971
Struhsaker 1969
Distribution: N. Y. to Fla.; most abundant Chesapeake
Bay and Carolinas.
Migration: Larvae passively enter estuaries in early
spring, juveniles leave in fall; croakers
tagged in Va. and Md. migrated to N. C.; no
reverse migration observed.
Habitat: primarily coastal, continental shelf; estuarine
nursery areas for most of range (not known for
Ga., and parts of N. C. and Fla.
Food Habits: diet changes with size of fish from zooplankton to microbenthos to detritus to larger
benthic animals.
Reproduction:
spawn offshore or near shore locations
uncertain.
Season: Fall and winter, earlier in northern areas
than southern.
Fecundity: unknown.
Age at Maturity: unknown.
Larval Development: larvae survival apparently closely
related to winter water temperatures affecting
amount of recruitment to fishery; mild years
seem to favor increased stocks of fish.
Growth:
(based on length frequency).
See Table 6.7.
Fishery:
Area: N. C. to Fla.
Gear: haul seines, otter trawl, pound nets, gill nets,
trammel nets, hand lines.
Statistics: Recent total landings lower than peak
historical landings during the 1930's and late
l950's (Fig. 6.17).
N. C. landings dominate;
show great increase in 1972 over 1965-1971
(Fig. 6.18). Fla. landings . next, stable over
1965-1972 period. S. C. and Ga. landings very
low, with no landings in 1968 and 1967-1968
respectivP.ly. Cause of deterioration of fishery
uncertain.
Recreational:
important in Pamlico Sound and S. C.;
may exceed commercial catch.
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Table 6.7
Age-Length relationship for Atlantic croaker at various locations.
parenthes~s are average monthly growth rates (from Parker 1971).
Area

,i::,.

w

0

Total length71n mm) at age:
1 year
2 year
3 year

New Jersey

150(12.5)

220(5.8)

Pamlic o Sound

180(15.0)

240(5.0)

Beaufort, North Carolina

143.3(12.0)

Pensacola, Florida
1964
1965

108.0(9.0)
129.6(10.8)

Louisiana

145.0(12.1)

265(3.8)

Numbers in

Source
Welsh

Higgins

1923
Breder
,

&
&

Hildebrand

Pearson 1927
&

Cable 1930
Hansen 1970

Suttkus 1955
.

Pearson 1929

Texas

180(15.0)

Lake Borgne

1 2.9(136)

Parker 1971

Galveston Bay
1963-1964
1964-1965
1965

140.9(11.7)
143. 2 (11. 9)
119.5(9.9)

Parker 1971

240(5.0)

280(3.3)
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(red drum)
Boothby & Avault 1971
Dahlberg 1972
Heald 1970
Mansueti 1961b
Pearson 1928
Simmons & Brewer 1962
Struhsaker 1969
Tagatz & Dudley 1961
Taylor, H.P. 1951
Welsh & Brder 1923
Distribution: Mass. to south Fla., Gulf of Mexico.
Migration: large fish (avg. 30 lbs, usually >20 lb.)
migrate northward in summer; small fish not
seen north of Chesapeake capes.
Habitat: estuaries and nearshore waters; polyhaline zone.
Food Habits: early juveniles: copepods, amphipods,
and carid shrimp; adults: shrimp, mullet,
silversides, gobies and crabs. Blue crabs and
other crustaceans dominate adult diet in both
numbers and volume in stomachs; feed in early
morning and late evening in shallow waters,
seasonal changes in diet reported: fish in
winter and early spring, crustaceans in late
spring to late fall.
Reproduction: apparently spawn offshore.
Season: fall off N. c.
Fecundity: unknown.
Age at Maturity:
4-5 yr.
Larval Development: larvae passively carried to estuarine
nursery grounds by bottom currents; 10 mm fry
observed in Neuse River in October; return
to ocean early the following winter.
Growth: year 1
30 cm
year 2
53 cm
year 3
63 cm
reach sexual maturity at 75 cm or larger.
Fishery:
Area: N. c. to Tex.
Gear: haul seines, otter trawls, pound nets, gill nets,
hand li nes, t r arr.me l
nets.
St~tist{cs: Fla. landings largest; landings variable
apparently declining. N. C. landings next; declined from 1965-1969; seem to be recovering.
Ga. landings stable but low; potential for greater
exploitation. S. c. landings negligible, usually
<1000 lb.
Recreational: A major sport fish in southeast.

Sciaenops ocellata

Literature:
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6.4.1.9.

Mugilidae

(striped mullet, black mullet)
Anderson, w. w. 1958
Arnold & Thompson 1958
Broadhead 1953
Futch 1966
Hutton & Sogandarks-Bernal 1959
Jacot 1920
Kesteven 1953
Odum 1968a, 1968b
Simmons 1957
Thompson 1951, 1963
Distribution: coastal and estuarine waters, circumtropical,
42°N to 42°s (except Mediterranean and Black
Seas).
Migration:
juveniles and adults migrate southward in fall,
northward in spring (northern hemisphere).
Habitat: larvae and early juveniles; pelagic; adults:
marshes, mud flats and shallow estuaries and
sounds.
Tolerances: salinity: fresh water to 75 0/00.
Food Habits: silvery-sided juveniles: crustaceans,
mainly copepods; dusky stage juveniles: detritus;
adults: selective feeding on plant detrital
sediment particles; observed to feed on
dinoflagellates during bloom.
Reproduction: occasional hermaphrodites; spawn 5-20
miles offshore.
Season: October to Janugry , peak November to December.
Fecundity: 1.2-2.7 x 10 eggs/spawn.
Age at Maturity: 1 yr. (?)
Larval Development: Larvae develop offshore during autumn
and winter; move inshore along outer beaches during
early spring (18-28 mm standard length); enter
estuaries and marshes during summer and fall.
Growth: 1st year growth: November to January 5mm/mo.
February to March: l0mm/mo.
March to October: 17mm/mo.
growth slower in N. c. because of extended winter
season. Gr0wth rate accelerates after diet change;
sexually mature at 330-350 mm.
Longevity: average life expectancy: 3 yr . ; maximum
longevity:
7 yr.

Mugil cephalus

Literature:

(silver mullet, white mullet)
Literature: Anderson w. w. 1957
Futch 1966
Jacot 1920

Mugil curema

435

Odum 1968b
Distribution: Cape Cod to South America; Gulf of California
to Chile.
Migration: Young abundant in bays and estuaries from
spring to fall, absent ip winter; juveniles
form schools and migrate southward fall; after
f irst-.year, silver mullet seldom north of Fla.;
adults migrate_offshore to spawn.
Habitat: larvae pelagic; adults estuarine.
Food Habits: feed on plant detritus, diatoms, and sediment
particles; no crustacean diet phase known.
Reproduction: spawn offshore.
Season: April to August, peak May and June in N. C.;
March to September, peak in April, June in Ga.
Fecundity: unknown.
Age at Maturity: 1 yr. (?). ·
Larval Development: eggs spherical with 1 large oil gland;
avg. diameter 0.82 mm; hatch in 40 hr.; larvae
develop in open ocean offshore to axis of Gulf
Stream; at 17-25 mm, migrate to outer beaches
late April; enter estuaries and marshes in May.
Growth: during first year: 17 mm/mo.; size at first
spawning: <198 mm.
Fishery:
(Both mullet species combined).
Area: N. C. to Fla. (little or no mullet fishery in
Ga.), white mullet fishery largely limited to
Fla.
Gear: haul seines, pound nets, gill nets, trammel nets,
cast nets.
Statistics: M. curema fished in significant quantity
only in Fla.; ca. 5% total mullet catch; N. C.
and Fla. landings show slow decline, 1965-1972,
sharp decline ins. C. in 1967, with subsequent
slow decline. Fla. produces 56% of total mullet
catch (in 1972) N. C. and S. C. catches about
equal 1972.
Recreational: mullet are an important bait fish and are
purchased or caught by the recreational fisherman.
6.4.1 . 10.

Scombridae

Scomberomorus cavalla (King mackerel)
Liter~ture: Lyle 1969
Springer & Woodburn 1960
Wollam 1970
Distribution: Me. to Brazil
Habitat: coastal waters, especially reef areas.
Food Habits: similar to Spanish mackerel.
Reproduction: external fertilization; spawn offshore.
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Season: July to September.
Fecundity: unknown.
Age at Maturity: unknown.
Fi shery :
Area: N. C. to Fla.; centered in Fla.
Gear: gill nets, troll lines, otter trawl, hand lines.
Statistics: '. annual landing highly variable; peak
catch in Fla. in 1970; 1972 catch above 8
year average; N. c •. catch declined in mid '60's
and has remained <50,000 lb/yr. S . C. and Ga.
landings negligible.
Recreational: largest landing (by weight) in 1965
census.
Scomberomorus maculatus (Spanish mackerel)
Literature: Briggs 1958
Carson 1944
Earll 1883, 1887
Hildebrand & Cable 1938
Hodges 1970
Klima 1959
Longley & Hildebrand 1941
Lyle 1969
Massman 19 6 0
Mather 1954
Ro a 1950
Ryder 1 88 2
Springer & Wood b u r n 19 60
Wollam 19 70
Distribution : Me . to Brazil; Gulf of Mexico (rare north
of Cape Co d ) .
Migration: move north to spawn in spring, south to Flori da .
Key s in winter. Some population may be nonmig ratory (Wollam 19 70 ).
Habitat: Coastal waters, <B O m.; prefer reef areas ;
form schools.
Food Hdbits : main l y menha den; a l so eats shri mp , squi d ,
r i bbon f i sh , and herri ngs.
Reprcduction: external fertilization , offshore.
Season: summer , June to September; times for individuals
in schools varies.
Fecun1ity: 300,000 eggs/female at 1 lb .
1 , 500 , 000 eggs/female at 6 lb.
Ag~ a t Matu r ity : u nknown.
Larval Deve lopment: eggs hatch in 25 hr. at 77- 78°F
l arvae pel agic, found from N. Y . to north
Fla. Possibl e inshore migration by larvae
or juveniles.
Growth: females grow faster than mal es.
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Age (yr.)

Female (cm)

Male (cm)

~I~~~~-----r~a~.~G-~~-----1r.a
II
34.8
30.9
III
46.4
40.4

IV
58.2
49.2
V
60.2
51.2
average 2-3 lb. throughout range.
Longevity: few specimens exceed 5 years old.
Fishery:
Area: N. C. to Fla.; centered in Fla.
Gear: haul seines, otter trawls, pound nets, gill nets,
troll lines, hand lines.
Statistics: large annual variations in landings in
Fla.; peak catch in 1968. 1972 catch above
8-yr. average. N. c. · catch minor but steady.
S. C. and Ga. landings negligible.
Recreational: among top 10 species landed in recreational
fishery (by weight) in 1965
6.4.1.11

Bothidae

Paralichthys dentatus (summer founder)
Literature: Deubler 1958, 1962
Eldridge 1962
Ginsburg 1952a
Gutherez 1967
Heald 1970
Lux & Porter 1966
Murawski 1970
Poole 1962
Smith 1973
Smith & Fahay 1970,1973
Tagatz & Dudley 1961
Williams & Deubler 1968
Distribution: Me. to Fla.; most abundant from Cape
Cod to Cape Lookout; possibly three populations:
one north of Delaware Bay, a second from
Va. to Cape Hatteras, a third south of Cape
Hatteras.·
Migration: seasonal; adults migrate shoreward in spring
from wintering grounds near edge of continental
shelf; spend summer in shallow coastal waters
and estuaries; move offshore in fall; little
or no coastwise migration.
Habitat: sand or mud bottom; juveniles: in or near mouth
or estuaries; adults: varies seasonally.
Tolerances: larvae: in water from 2-22°c, salinity
0.02-35 o/oo in Pamlico Sound; postlarvae:
from 9.4-31.2°c and 8.7-37 o/oo salinity.
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Food Habits: predominantly fish but also squid, shrimp
and crabs.
Reproduction: spawn offshore at 12-19°c; spawn from
New England to Fla.
Season: peaks in November (Chesapeake Bay to Cape
Lookout, N. C.), November to February.
Fedundity: ~nknown.
Age at Maturity: 3 y~.
Larval Development: larvae ~escribed by Smith and Fahay,
(1970), postlarvae by Deubler (1958). Eggs
float near the surface; larvae collected south ·
of Chesapeake Bay from November to May at
temperatures from o-2J0 c.
Growth:

120-180 mm at one year; 270-280 mm at two years;
females with mature gonads at 400-700 mm, 3 yrs.
old. Age and growth discussed by Poole (1962),
Elridge (1962) and Lux & Porter (1966). Average
weight 3 lbs., maximum approximately 30 lbs.

Paralichthys lethostigma (southern flounder)
Literature: Deubler 1958
Ginsburg 1952a
Distribution: N. c. to Tex.
Habitat: mud bottom, along shore in shallow water of

bays, sounds, and lagoons; occasionally enters

fresh water.
Reproduction: spawn offshore.
Season: late fall and winter.
Fecundity: unknown.
Age at Maturity: unknown.
Larval Development: larvae respond negatively to low
salinity water; growth greater at higher
salinity. Distinguishing characteristics of
postlarvae described by Deubler (1958).
Growth: average size at maturity 12-20 inches, maximum
26 inches.
Para lich~hys albig ut ta (Gul f f l ounder , sand f l ounder)
Literature: Dahl berg & Odum 1970
Ginsburg 1952a
Topp & Hoff 1972
Williams & Deubler 1968a
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Distribution: Cape Lookout, N. C. to Corpus Christi, Tex.
Habitat: benthic; prefer sandy or hard bottoms; sounds,
bays, and estuaries.
Reproduction: spawn offshore.
Season: late fall or winter.
Fecundity: unknown.
Age at Maturity: unknown.
Larval Development: Postlarvae eurythermal, but restricted
to waters >22 0/00.
Growth: no data.
Fishery: the three flounders are not discriminated in the
commercial catch.
Area: entire Atlantic coast.
Gear: haul seines, otter trawls, pound nets, gill nets,
spears (North Carolina), hand lines (Florida).
Statistics: North Carolina landings dominate the 4
state region (>90%), followed by Fla., and with
about equal trivial contributions from S. C.
and Ga.; landings in all states declined from
1965 to about 1969; since then landings have
increased to about 1965 levels.
Recreational: Flounder are markedly more important
in the recreational fishery than the commercial.
6.4.2.

6.4.2.1.

Shellfishes
Mollusca

Argopecten gibbus (Calico scallop)

Literature:

Abbott 1954
Bird 1970
Bullis & Cummins 1961
Costello, et al. 1973
Cummins, e~ al. 1962a
Drummond 1969
Roe, et al. 1971
Sinderman 1970
Wells, et al. 1964
Distribution: Delaware Bay to Caribbean Sea
Habitat: epibenthic, mainly continental shelf, 9-74 m.
To lerances: 25-35 0/00, fine to very fine substratum.
Food Habits: filter-feeder
Reproduction: hermaphroditic; sperm released first, then
eggs when spawning; external fertilization.
Season: late February (earlyMarch) to June (Fla.)
Larval Development: planktonic; duration !6 days at
23+ 2C, 35 0/00.
Growth: mean size in field populations increases 1-2
mm/mo., August to February, decreases April to
443
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August because of recruitment; growth curve for
given year class sigmoid, rapid growth 5 - 50 mm,
asymptote at 80 mm.
Longevity:
24 mo . max., avg. 18-20 mo.
Mortal ity: average postspawning mortality 23%/mo.
Predators: fish, gastropods , starfish, man .
Diseases: protozoans, trematodes, Odostomia sp.
(gastropod), Pinnotheres maculat u s; other diseases
and parasites probably exist though not reported .
Fishery: Initiated 1 959 as specific fishery
Area: commercially valuable beds reported in Raleigh
Bay, N. c. and off Cape Canaveral , Fla . (Fig . 4 . 4 . ,
Chapter 4).
Gear: scallop dredge, otter trawl (scallop)
Statistics: major fishery developed rapidly in N. C.
with peak production of ca. 1 . 8 million pounds
in 1966 and slightly less in 1970; no catch in
1968-69, since none available (reason unknown).
Fla. fishery has shown slow increase, 1966-72
with ca. 300,000 pounds in 1972. Small Ga.
fishery, sporadic.
Argopecten irradians (bay scallop)

Literature:

Chanley 1 967
Chanley & Andrews 1971
Duggan 1972
Gutsell 1930
Loosanoff & Davis 1963
Sastry 1963, 1965, 1966, 1970
Sinderman 1970
Distribution: Nova Scotia to Tex .
Habitat: sea grass beds (necessary for larval setting),
thus absent from S. C. and Ga. because of absence
of grass beds; sandy bottoms.
Tolerances: salinity >20 o/oo; tolerate brief exposure
to freshets.
Food Habits: filter-feeder
Reproduction: external fertilization; protandric, may
revert to males
Season: May to September; (March to October in lab)
Fecundity: mean no. eggs/female/mo. ranges from
720,000 - 8,180,000; grand mean no. eggs/female/rro.
2,560,000
Larval Development:
larvae planktonic; set by attaching
to eelgrass by byssal threads, though capable of
crawling or swimming on bottom; duration 14 days
or more at 20-23C.
Growth: representative data in Table 6.8, and 6.9,
Fig. 6.25 .
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Table 6.8.

Jan.

Length
(mm)

0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

Numbers of bay scallops of all sizes (in 5-mm groups) taken in the various
collections through 1927 at Pivers Island, North Carolina (from Gutsell, 19301

4.5
9.5
14
19
24
29
34
39
44
49
54
59
64
69
74
79
84
89
94

Feb.

17

l

313

256

56

19

36

13
5
4
6
6
3
6
3

19
19

1
2
32
44
18
3
1

1
6
22

-

March

7
7
33
19
17
7
2

-

44

26
4
1

5

290

40

46

21

18
8
6
8
14
17
8
10
2

-

-2

18
29
31
4
1

6
2
5
10
27
49
31
20
6

-

1

-

12
41

31

9

-

May

Aprii

20

4

27 13

39 l5 3

13 21
12 ~8
9 2
14 5
12 8
27 7
44 21
26 5
10 7
l
1

- 1 -

5
10
9
1

1
5
5
1

- -

18
4

41

28
13
8
2
7
7
22
17
10
4

-

6
4
1

-

June

July
8

4

19

3

-

-

4

4
il 4
27
17
6
12
14
26
16
29
6
2

-

4
6
2

-

-2

7
20
17
5
7
17
20
39
16
3

-

1

2
10
5
1

--

2
13
23
22
23
21
35
42
6

-

1
3
3
3

-

25
l

4
l

-

5
34
19
32
30
32
3

-

1
2
1

-

23
4

-

l
3
25
46
36
19
5
2
1
3
3
1

Sept

Aug .
2

22

3

22

71

1

10

19

-

l
-

l

3
29
43
50
12
3
1

-

2
1

3

12
65
35
22
3

-

1
2

-

14
6
4

l
-

l
l
32
52
18
5
2
2
1

-

6

Oct . :-ov,·
20

11

243 174 290

63

12
3
3
l

-

l
2
4

45
34
8
2

2
-

51

26
6
2

22

-

26
3
l
l

-

-

-- -- -

5
37
39
8
1

1
-

-

4
32
40

11

-

2

-

-

Dec .
23

9

387 142

56

4
2

3
2

-

41
19
8
4
l
l

-

1
13
43
35
7

2
7
35
65
8

-

-

-1 --
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Table 6.9.

NUmbers of bay scallops of all sizes from certain seasonal collections in 1925,
1926, and 1927. Pivers Island, North Carolina, 5-mm groupings (from Gutsell 1930).

Length

Oct. 21,
19."5

(111111)
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10 to
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30 to
35 to
40 to
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so to
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65 to
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4.5
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------
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3
1
1
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Longevity: 20 mo. maximum
Mortality: little natural mortality reported for 2 year
olds; mortality rates of yearlings in Fig. 6.26.
planted at several densities.
Predators: fish, gastropods, starfish, man (on 2 year
olds)
Diseases: ~ematopsis duorari (gregarine), trematodes,
Odostomia sp. (gastropod); Pinnotheres maculatus;
others probably exist but not reported
Fishery:
Area: estuaries of N. C.
Gear: dip nets, scallop dredge, rakes
Statistics: peak catches in 1968-69 of ca. 600,000
pounds, declining to ca. 100,000 pounds in
1971-7 • No explanati~n of decline available
(American oyster)
Abbott 1954
Andrews 1968
Andrews & McHugh 1957
Beaven 1949
Brooke 1880
Butler 1952
Chanley & Andrews 1971
Churchill 1920
Davis & Chanley 1956
Galtsoff 1930, 1964
Galtsoff & Luce 1931
Galtsoff & Prytherch 1927
Galtsoff & Seiwell 1928
Heald 1970
Hewatt & Andrews 1954
Loosanoff & Davis 1963
Loosanoff & Nomejeko 1949, 1955
Loosanoff & Tommers 1948
McKenzie & Badger 1969
Sinderman 1970
Distribution: Gulf of St. Lawrence to Gulf of Mexico.
Habitat: oyster reefs, various hard substrates including
pilings, jetties, rocks; intertidal in poly- &
euhaline zones; intertidal and subtidal in
mesohaline zone.
Food Habits: filter-feeder
Reproduction: external fertilization
Season: May to October in iirginia
Fecundity: 15xlo6 - 150xl0 eggs/female; several
broods per year.
Larval Development: 8-60 days to metamorphosis, temperature dependent; minimum temperature for development
17C .

Crassostrea virginica

Literatur~:
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Growth:

ca. 2 year to market size; growth depressed
in winter in northern areas; maximum growth
in winter, minimum in summer in Fla.; many
varied estimates of monthly and annual rates
available for oysters in trays.
Mortality: s~mmer rate greater than winter, some
representative data. Table 6.10, and Fig.
6.27 and 6.28;
Predators:
mud crabs, birds, several gastropods, .
starfish, man.
Diseases: sporozoans, (Minchinia nelsoni, M. costali~);
fungus (Dermocystidium marinum); bacteria
(Aeromonas sp., Vibrio sp.); gregarines
(Nematopsis ostrearu~, N. prytherchi); ciliate
(Sphenophrya sp.); amebas; trematodes
(Bucephalus cuculus, Acanthoparyphium spinulosun,
others); cestodes; parasitic gastropods (Odostomia
sp.); copepods crabs (Pinnotheres ostreum)
Fishery:
Area: public and private harvests; N. C. s. C., Fla.
have small private harvest; Ga. intertidal and
subtidal estuarine populations
Gear: clam or oyster dredge, oyster tongs, rakes, by
hand (N. C.); tongs& grabs, by hand (S. C.);
by hand (Ga.); oyster dredge, tongs & grabs,
by hand (Fla.).
Statistics: largest fishery in S. C. declined from
almost 3 million pounds, 1965 to ca. 1 million
pounds in 1969, stable since then; N. C. fishery
declined from almost 1 million pounds in 1965
to <500,000 pounds in 1968; Florida and Ga.
fishery about equal at ca. 100,000 to 250,000
pounds.
Mercenaria mercenaria(hard clam)

Literature:

Carriker 1959, 1961
Chanley & Andrews 1971
Gray 1969
Haven & Andrews 1957
Heald 1970
Loosanoff & Davis 1963
Pratt & Campbell 1956
Distribution: Nova Scotia to Yucatan
Habitat: mud and mud/sand bottoms, meso- and polyhaline
estuarine zones
Food Habits: filter-feeder
Reproduction: external fertilization; sperm in water
induces females to spawn
Season: May to October in Virginia; season probably

•
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Table 6.10.

Growth and mortality of seed oysters planted
at Solomons, Maryland in May, 1947: Size
expressed as mm. length X mm. width, rnm2
(from Beaven 1949).

Source of Seed
Gull Rock, N. C.
Mullica River, N. J.
Milford, Conn.
St. Mary's River, Md.
James River, Va.
Delaware River, N. J.
Maurice River, N. J.
Holland Straits, Md.
Eastern Bay, Md •

Initial
Size
2993
2846
2745
2623
2594
2094
1649
1584
1348

Size in% Mort.
1 year 1 year

Size in% Mort.
2 years 2 years

5047
4289
4599
4327
4230
3625
3261
3793
3410

5450
4442
4701
5236
4410
3982
3484 .
4901
4339

•
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2.8
7.0
40.8
22.8
9.8
14.0
16.4
6. 2
15.4

5.0
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longer to the south
Fecundity: 24.3xl06 eggs/spawn; all eggs not shed in
single spawn; viability of eggs not a function
of parental size.
Larval Development: duration, 6 days to 1 month, 7 days
typical; larval densities highest during flood
tide; surface maximum on daytime flood tide.
Growth: negligible growth at l0C or less; reported
growth highly variable based on season, location,
and associated variables; annual growth increment
proportional to initial size but volume increments
nearly constant for all ages
Mortality:
Predators: fish~ birds, gastropods, crabs, starfish,
man.
Disease: protozoans, trematodes, not well known
Mercenaria campechiensis (hard clam)
Literature: Abbott 1954
Carriker 1961
Chanley & Andrews 1971
Gray 1969
Loosanoff & Davis 1963
Distribution: Chesapeake Bay to Fla.; Gulf coast.
Habitat: mud and mud/sand bottoms, meso- and polyhaline
estuarine zones.
Food Habits: filter-feeder
Reproduction: external fertilization; hybridizes with
M. mercenaria
Season: May to August, depending on location
Growth: largest weight increases, late May to early
December; exceeds rate for M. mercenaria
(in Va.)
Mortality: same as for M. mercenaria
Fishery: species not discriminated in catch.
Area: mainly in estuaries.
Gear: clam dredge, oyster tongs & dredges, oyster
rakes, by hand.
Statistics: N. C. fishery stable at ca. 250,000
pounds/year; S. C. fishery increased strikingly
and had largest state landings in 1971-72;
Ga. had a minor landing, 1969-70; Fla. fishery
slowly increasing.

6.4.2.2.

Crustacea-Shrimp

Penaeus aztecus (brown shrimp)
Literature : Anderson, w. w. 1970
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Cook & Murphy 1971
Perez Farfante 1969
Frisbie 1967
Joyce 1965
Lunz 1967
McCoy 1968a, 19~8b
Sinderman 1970
Williams 1955
Zein-Eldin & Aldrich 1965
Zein-Eldin & Griffith 1966
Distribution: Martha's Vineyard, Mass. through Gulf of
Mexico to Uruguay (2 subspecies); northernmost
breeding population in N. C. ; moderately abundant
along eoutheastern U. s. coast; center of
abundance Gulf of Mexico.
Migration: post larvae at 8-14 mm carried to estuarine
nursery grounds by favorable currents; occupy
nursery grounds May-August (Fla.; Joyce 1965);
return offshore as juveniles in spring to fall
in N. c., during summer in Fla.; size on
leaving estuaries varies: 100-115 mm, N. C .
to Fla . ; may overwinter in N. C. nursery grounds
buried in sediment (temp. <16C); migrate southward in fall and winter, return January to April
(but do not re-enter nursery grounds).
Habitat: post larvae, early juveniles in estuarine
nursery grounds (salt marshes, grass beds);
adults: open ocean; highest abundance: 30-60
m; prefer muddy or peaty substrates, but occur
on other bottom types; salinity temperature
tolerances reviewed in Perez Farfante (1969).
Food Habits: omnivorous
Reproduction: eggs released in offshore spawning grounds;
location not well defined: off Ga. (Frisbie
1967) and at 55-60 m off Cape Canaveral, Fla .
.(Anderson 1970)
Season: probably March to October; peak: March
(Fla) .

Fecundity: 500,000-750,000 eggs/spawn (species or
source not specified; Lunz 1967)
Larval Development: 5 naupliar stages (non-feeding), 3
protozoeal stages (phytophagous), 3 mysis stages
(carnivorous)
Growth: juveniles on nursery grounds: 46 mm/mo,
N. C. (Williams 19 55);
1 mm/day N. C. (McCoy 1968);
45 mm/mo, Fla. (Joyce 1965)
Mortality: Instantaneous mortality rates for Core Sound
N. C.:
natural, 0.364; fishing, 0.206;
total probably constant regardless of exploitation,
459

treating emigrants from the sound as natural
deaths; i.e., unexploited shrimp will emigrate
from the sound {McCoy 1972)
Predators: fish, birds~ man
Diseases: protozoans, trematodes, cestodes, nematodes
Fishery:
Area: N. c.,.to Cape Canaveral main penaeid in shrimp
catch of N. C •.,; replaced by P. setiferus to the
south
Gear: commercial: otter trawls of various sizes
bait shrimp: cast net, dip net
Statistics: see shrimp fisheries statistical summary below.
Penaeus duorarum {pink shrimp)
Literature: Dobkin 1961
Ewald 1965
Perez Farfante 1969
Joyce 1965
McCoy 1972
McCoy & Brown 1967
Sinderman 1970
Williams 1955, 1965
Distribution: Chesapeake Bay to Brazil (2 subspecies);
densest populations of S. W. Fla. {Tortugas)
Migration: postlarvae/juveniles on estuarine nursery
grounds, mainly June to October; some individuals
may overwinter in northern areas; leave nursery
grounds at 85-100 mm; migrate southward during
fall and winter, northward in spring {but do not
re-enter nursery grounds.
Habitat: postlarvae, juveniles: estuarine nursery grounds;
adults: open ocean, most abundant at 12-40 m;
sand or sandshell bottom; temperature-salinity
tolerances reviewed in Perez Farfante {1969).
Food Habits: omnivorous
Reproduction: eggs released in offshore spawning grounds,
defined as to location; N. C. to Fla.
Season: April to July
Fecundity: # eggs/female unknown; 2 spawning peaks/year
{N. C.); more than two spawns/female probable.
Larval Development: 5 naupliar stages {non-feeding),
3 protozoeal stages {phytophagous), 3 mysis stages
{carnivorous)
Growth:
juveniles on nursery grounds 52 mm/mo, N. C.
{Williams 1955); 20 mm/mo., Fla. {Joyce 1965);
15 mm/mo; late juvepiles, N. C., additional
data reviewed by Perez Farfante {1969) and
McCoy {1972)

4 60
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Mortality: instantaneous mortality rates for Core Sound,
N. C.: natural, 0.280; fishing, 0.337; total
probably constant regardless of exploitation,
treating emigrants from the sounds as natural
deaths; i.e., unexploited shrimp will emigrate
from sound (McCoy 1972).
Predators: fish, birds, man
Diseases: protozoans, trematodes, cestodes, nematodes
Fishery :
·
Area: N. C. to Cape Canaveral moderate catches
in N. c., small catches along rest of southeastern
U. S. coast
Gear: commercial: otter trawls of various sizes
bait shrimp: cast net; dip net
Statistics: see shrimp fisheries statistical summary below.
Penaeus setiferus (white shrimp)
Literature: Perez Farfante 1965
Flint 1956
Gunter 1960
Heald 1970
Lindner & Anderson 1956
Lunz 1967
McCoy & Brown 1967
Pearson 1939
Sinderman 1970
Williams 1955, 1965
Distribution: Fire Island, N. Y. to St. Lucie Inlet,
Florida; Gulf of Mexico; center of abundance in
Ga. and northeastern Fla.
Migration: postlarvae carried to estuarine nursery grounds
by favorable currents; occupy nursery grounds June
to December; leave nursery grounds at 100-120 mm;
larger shrimp migrate southward during fall and
winter; northward return January to April (do not
re-enter nursery grounds)
Habitat: postlarvae, juveniles: estuarine nursery grounds;
adults: open ocean, rare at depths >40 m, depth
limit ca.90 m; prefer muddy or peaty bottom;
temperature-salinity tolerances reviewed in Perez
Farfante (1969)
Food Habits: omnivorous
Reproduction: Eggs released in offshore spawning grounds;
not well defined as to location; off Fla. occurs
over main fishing grounds (to 15m)
Season: March to October
Fecundity:
500,000-750,000 eggs/spawn (species or source
not specified; Lunz 1967); more than 1 brood/
female/season
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Larval Development: 5 naupliar stages (non-feeding), 3
protozoeal stages (phytophagous), 3 mysis stages
(carnivorous)
Growth: juveniles on nursery grounds: 36 mm/mo, N. C.
(Williams 1955); 35 mm/mo, Fla. (Joyce 1965);
25-45 mm/mo, (Gunter 1950); 12 mm/mo, N. C.
Initial-size 95-115 mm, September to December
(McCoy & Brown 1967); 10 mm/mo, initial size
17 cm (Lindner & Anderson
Longevity: estimated 16 mo.
Mortality:
Predators: fish, birds, man (48% total shrimp catch).
Diseases: telosporideans, cnidosporidians, trematodes,
cestodes, nematodes.
Fishery:
Area: Pamlico Sound, N. C.;'-G'a. coast; Fla. coast
Gear: commercial: otter trawls (various sizes), bag
net, bait shrimp, cast net, dip net
Statistics: see shrimp fisheries statistical summary below.
shrimp Fisheries Statistical Summary
One or more of the three Penaeus species constitute the
bulk of the shrimp landing at any given location. Several
other shrimps are a minor portion of the landings: Trachypeneus
constrictus, Sicyonia bPeViPostPis (rock shrimp), Sicyonia
dorsalis (rock shrimp) Xiphopeneus kroyeri (sea bob).
Hymenopenaeus robustus (royal red shrimp) may contribute to
the total shrimp landings in years when shrimpers fish in very
deep waters off northeast Fla. (350-600 m). The proportion
of the three Penaeus species in the catch varies from state
to state, and within states by estuary. Records of landings
by species and st~te are maintained by NMFS and published
in the Statistical Digest (Table 6.11, data for 1969).
Total catch (heads on) and catch by state 1965-1972
are shown in Fig. 6.31. The landings were most variable
in the three northern states, with major peaks in 19681969 and 1971. The Fla. fishery has gradually declined,
esp. since 1969. The total 4-state landings reflect
fluctuati ~ns in the three northern states. Ga. had largest
landings, 1965-1970; s. c., 1971-1972.
6.4.2.3.

Crustacea - Lobster

Panulirus argus (spiny lobster)

Lj terature: -~- Crawford & deSmidt 1922
Dawson 1954
Dawson & Idyll 1951
Lewis 1951
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Table 6 .11. Shrimp landings, by species and state, 1969
Species
P.

aztecus

P. duorarum

N.

Ga.

3,656 , 663*

765,226

559,454

1,060,627

------

------

P. setiferus

175,316

H. xobustus

------

Total

s. c.

c.

4,892,606

2,977,273

4,900,279

-----

------

3,742,499

'i'fieads-off~g t
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636
2,930,734
55,528
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Commercial landings, by state and four-state
total, 1965-1972, Penaeid Shrimps.
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Lewis, et al. 1952
Sims & Ingle 1966
Sinderman 1970
Williams 1965
Witham, et al. 1968
Distribution: N. C. through Gulf of Mexico to Rio de
Janeiro, Brazil. Commercial numbers on south
Fla. coast (outside study area) but occasionally
caught in significant numbers to the north.
Habitat: shelf waters, coral reefs and other hard
substrates, active by night
Tolerances: min. sal. ca. 19 o/oo (postlarvae)
Food Habits: scavengers, larvae carnivorous
Reproduction: eggs incubated on abdomen for ca. 1 mo.;
sperm not stored
Season: Fla.: March- July
Fecundity: mature at 15 cm (rare); may spawn twice/yr.
Female length
# eggs/female
22.5 cm
500,000
30
1,118,656
37.5
2,566,916
Larval Development: 11 planktonic phyllosoma stages
described from plankton; 11th probably last
before metamorphosis to peurulus; duration
est. at 6 mo. .
Growth: reaches 5 cm in 1 year, grows 2.5 cm/yr.
thereafter; 30.6 mm/mo., linear regardless of
season (Witham et al. 1968 Maximum size ca. 45
cm (ca. 18 yr. old) molt 2-2½ times/yr. (Fla.)
Morta l ity:
Predators: man
Diseases: little known, ''milky disease" - cause
unknown (microsporidean); fungal diseases;
probably also various worms and crustaceans.
Fishery:
Area: catches mainly off Bahamas; Fla. landings from
southern counties (no landings in northeast
Fla.); limited landings in Ga. ands. C.
Gear: pots & traps
Statistics: catch in Fla. increased markedly over
last 8 year period (by about 6X); significant
landings in Ga., 1968-1969 (about 1 million
pounds) and minor amounts in S. C.; most caught
off Bahamas; landed in Ga. when Fla. season
closed (esp. 1968-1969).

.

6.4.2.4.

Crustacea - Crabs

Callinectes sapidus (blue crab)

Literature:

Costlow 1967
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Costlow & Boekhout 1959
Darnell 1959
Holland et al. 1971
Hopkins 1943, 1944
Rathbun 1930
Sandoz & Rogers, 1944
Sinderman 1970
Tagatz 1968a, 1968b
Van Engel 1958, 1962
Williams & Deubler 1968
Distribution: Mass. to Tex. (Van Engel 1958).
Nova Scotia to Uraguay (Rathbun 1930).
Also introduced on European coast and
eastern Mediterranean Sea.
Migration: migration into upper parts of estuary begins
in megalopal stage; growth to adulthood occurs
in meso- and oligohaline portion of estuary,
juveniles in shallows, adults mainly in deeper
waters; mating in mesohaline areas; females
migrate to polyhaline or euhaline areas for
hatching; males remain upstream; bury themselves
in the bottom during winter.
Habitat: oligo-, meso-, poly-, and euhaline areas, salt
marshes; oyster reefs; turbulent (offshore) zone.
Food Habits: prey on oysters, clams, and various noncommercial species; scavenge
Reproduction: copulation follows terminal molt of female.
Spawning: eggs released 2-9 months later; carried on
abdominal appendages until hatching (about 2
wks); female can store sperm and produce multiple
spawns.
Season: May to October in N. C.; March to December in
southern Fla.
Fecundity: 700,000-2,000,000 eggs/spawn.
Larval Development: 7 zoeal stages, 1 megalopa
Larval Tolerances: eggs: hatch only at salinties
>20°/oo; zoeae:
>20 o/oo; megalopa: 5-40 o/oo
25C, survival depressed at extreme salinities at
higher and lower temperatures; megalopae collected
in field at 1-3 0/00. (N. C.)
Growth: mean length increment/molt= 25.3% total
length (St. Johns River, Fla.); limited growth
during cool months; reach commercial size in 1
year (Fla.); reach adulthood in 14-18 months
(Va . ) or 12-15 months (Fla.)
Longevity: 3-3½ years (Va.)
Mortality: only est. 0.0001% of eggs develop to adulthood
Predators: fish, sea turtles, man
Diseases: Vibrio parahaemolyticus, Lagenidium callinectes
(fungus of eggs); Paramoeba sp.; Nosema sp.
467

(microsporidean); peritrichous ciliates; trematodes;
cestodes; nematodes; Myzodella lugubris (leech);
Carcinonemertes; sacculinid barnacles; isopods.

Fishery:
Area: in estuaries throughout ~tudy area
Gear: otter trawls (crab), otter trawls (shrimp),
pots & traps, trotline, dip net.
Statistics: Data for.hard and soft crab fishery are
combined (soft crabs only a small percentage of
landings though of higher dollar value). N. C.
has largest landings with peak in 1969. Landings
more stable in southern states at less than 10 ·
million pounds/state/year.

Menippe mercenaria (stone crab)
Literature: Manning 1961
Menzel & Hopkins 1956
Ong & Costlow 1970
Porter 1960
Williams 1965
Distribution: Cape Lookout, N. C. to Yucatan, Mexico.
Habitat:
juveniles: deeper channels under shell fragments
or in shallow water under rocks, shells, etc.;
adults: on pilings among epifauna, grassbeds;
also form subtidal burrows.
Food Habits: preys on oysters (esp. spat) and other
pelecypods.
Reproduction: eggs incubated on abdomen for ca. 10 days
at 25C.
Season: N. C.: May to July; Fla.: more extended
season but not well defined.
Fecundity: 500,000 - 1,000,000 eggs/spawn ; up to 6
egg masses produced in 2~ months .
Larval Development: 5 (sometimes 6) zoeal stages; 1
megalopal stage; duration 20-35 days;
Tolerances: temperature:
25-35C; opt.:
25-30C
salin ity: 2 0-4 0 o / oo ; opt.:
25-40 o/ oo
Growth: reach a d ulthood in about 1 year.
Mortality:
Predato r s : ma n
Diseases: Nem a topsis p r yther chi (gregarine)
Fis h ery :
Ared: no landi ngs i n nor t heas t F l a.
Ge ar: pot s and t raps
Swatistics: over 8 year period t he cat ch in F la. ha s
decl i ned , now l ess t han 100 , 000 pounds/year .
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Commercial landings, by state and four - state
total, 1965-1972, Blue Crabs (hard and soft
shell).
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Commercial landings, by state and four-state
total, 1965-1972, Stone Crabs.
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6.5.

Gaps in Available Information
1.

The specific spawning areas for various species
including sciaenids, bothid flatfishes, penaeid
shrimp and other commercially valuable species are
not adequately defined .

2.

Seasonality_ and controlling factors of spawning are
not accurately known for many species. Dates
included in the summaries are frequently based on
incomplete data regarding gonadal condition and the
appearance of limited numbers of larvae (not newlyhatched) in the plankton.

3.

The population dynamics for motile fin- and shellfish species is poorly known. This is especially
important for species which undergo long-range
complex migrations such as the scombrids, blue
fish and penaeid shrimp. Rates and paths of migration and the degree to which populations are
mixed may be relevant to evaluating a species'
ability to recover from environmental catastrophies
along with the usual population parameters of
fecundity, mortality, growth, maturation, and
mortality rates.

4.

Commercial and recreational fisheries landing data
are inaccurate measures of the distribution and
relative abundance of fishes since they do not
indicate where the fish were caught or the level
of fishing effort. The amount of effort devoted
to a given fishery is dependent on economic considerations to a large degree which may lead to a nonabundant species being heavily fished or vice versa.

5.

Historical records of recreational fishery landings
are too short and sampling too infrequent to obtain
a clear picture of this fishery and its effect on
fish populations.

6.

The acute, chronic and behavioral effects of
environmental extremes and various pollutants
(including hydrocarbons) on offshore and estuarine
species of commercial importance are not known
making estimates of the resistance and/or resilience of a species impossible to assess with any
certainty.
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CHAPTER 7
BIRDS OF THE COASTAL ZONE
by

•

Marvin L. Wass

7. 1.

•

Introduction

A total of 397 species has been reported from the
coastal region between Cape Hatteras and Cape Canaveral
(Table 7.1). The list includes resident species, seasonal
resident species and accidental. strays from other areas. The
geography of the coastline, with barrier islands, sand spits,
saltmarshes, productive bays, sounds, and varied freshwater
rivers and lakes provides ideal habitats for a variety of birds
which depend on the aquatic habitat during all or part of their
life cycle. Over one-half of the specie~ known from the area
show some degree of association with marine habitats, and many
others utilize fresh water habitats to some degree. This report
attempts to summarize the relationship of the various species
to the available habitats and to provide the data necessary to
evaluate the impact of man 1 s many activities on the various
species.
The list of birds was compiled from the state bird books
for each state (North Carolina: Wray and Davis 1959; South
Carolina: Sprunt and Chamberlain 1949; Georgia: Burleigh 1958;
Florida: Sprunt 1954), field guides (Peterson 1951; Robbins,
Bruun, and Zim 1966), and the journals Audubon Field Notes
and its successor, American Birds. The two journals were ·
indispensible in providing information on the occurrence of
species which have recently expanded their ranges within or into
the study area and in documenting the accidental occurrences of
some species. Life history summaries were compiled from the
several state bird books, several monographs, and many research
papers listed in the bibliography. Abundance data were compiled
from the journals cited above and data provided by the managers
of the National Wildlife Refuges in the area and the U. S. Fish
and Wildlife Service.
Data regarding birds are frequently anecdotal or fragmentary ana based on the observations of numerous amateur bird
watchers. These data are nevertheless extremely valuable since
they are often the only information available for rare or
secretive species. The high mobility of birds and the retiring
nature of many species make the acquisition of certain types
of data such as mortality, longevity, migration, and feeding

Table 7.1.

List of birds known from the coastal counties and
continental shelf from Cape Hatteras, North Carolina
to Cape Canaveral, Florida (*-Life History Summaries
are in Section 7.6.).
··········

Open water birds

Occurrence and Habitat

* Common Loon

Winter, inshore oceanic, also
bays and sounds, common

* Red-throated Loon

Winter, inshore oceanic, commonrare

Gavia immer
Gavia steZZata

Western Grebe

Acci,dental

Red-necked Grebe

Winter, inshore oceanic and
sounds, occasional

Aeahmophorus oaaidentaZis

Podiaeps grisegena

* Horned Grebe

Podiaeps auritus

".

Winter, bays and sounds

.Eared Grebe

Winter accidental

Pied-billed Grebe

Freshwater; scarce, oligohaline;
local breeder.

Manx Shearwater

Oceanic, casual; Fla., N. C.

Podiaeps aaspiaus

PodiZymbus podiaeps
Puffinus puffinus

* Greater Shearwater

Puffinus gravis

Cory's Shearwater

Puffinus diomedea

* Sooty Shearwater

Puffinus griseus

Little Shearwater

Puffinus assimiZis

Audubon's Shearwater

Puffinus Zherminieri

Black-browed Albatross

Di omedea meZanop½ris

Oceanic, migrates May-June,
occasionally abundant inshore
I

Oceanic, mainly offshore, casual
Oceanic, migrates May-June,
occasionally abundant inshore
Accidental, S.
August.

c.,

1883-1899 ;

Casual, rare, May 19-August 31,

s. c.

Oceanic , accidental ; N.
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(Continued)

Open water birds

Occurrence and Habitat

British Storm Petrel

Eastern Atlantic , accidental,
S. c . , blown ashore by Agnes

Leach's Storm Petrel

Oceanic, casual, S. C. & Fla. ,
breeds in north Atlantic

Black-capped Petrel

Oceanic, accidental; N. C.

Wilson's Storm Petrel

Abundant migrant, north in May
over Gulf Stream, inshore later

Harcourt's Petrel

Tropical Atlantic; accidental,
N. c., blown in by Agnes

White-faced Petrel

Oceanic, accidental, Oregon
Inlet, N. C.

Hydrobates peZagicus

Oceanodroma Zeucorhoa

Pterodroma hasitata
Oceanites oceanicus

Oceanodroma castro

PeZagodroma marina

White-tailed Tropicbird

Phaethon lepturus

Red-billed Tropicbird

Pha~thon aethereus

Tropical, oceanic, casual,

summer, N. c., Fla.

Tropical, oceanic, accidental,
off Cape Canaveral, 9VII64

*White Pelican

Winters in Fla., occasional on
east coast to Nova Scotia

*Brown Pelican

Breeds N. C. south; casual to
Delaware

Pelecanus erythrorhynchos

Pelecanus occidentalis

Blue-faced Booby

Tropical oceanic, accidental,
South Carolina; 23127

Brown Booby

Tropical oceanic, casual, Fla.,
accidental to Mass.

Sula dactylatra
Sula leucogaster

*Gannet

Morus bassanus

Great Cormorant

Phalacrocorax carbo

*Doub le-crested Cormorant

Phalacrocorax auritus

Winters to Gulf of Mexicq
prebreeders migrate farthest
Winter, casual to north Fla .
Winter, uncommon-abundant,
breeds N. C. and Fla.
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(Continued)

Open water birds
*Anhinga
Anhinga anhinga
Magnificent Frigatebird
Fregata magnifiaens

Occurrence and Habitat
Breeds in swamps north to level
of Cape Hatteras
Summer, casual to N. c.,
occasional to Nova Scotia

Wading birds
Great Blue Heron (white phase) Now breeds extreme south Fla.,
Ardea oaaidentaZis
occasional straggler, s. C.
*Great Blue Heron
Ardea herodias

Breeds throughout, colonial,
common abundant

*Green Heron
Butorides viresaens

Breeds throughout, usually
solitary, winters Fla. south

*Little Blue Heron
Florida aaeruZea

Breeds near coast, colonial,
scarce in winter above S. C.

*Cattle Egret
BubuZaus ibis

Abundant breeder, winters
mainly south Fla.; increasing

Reddish Egret
Diahromanassa rufesaens

Tropical, straggler, decreasing,
breeds extreme south Florida.

*Great Egret
Casmerodius aZbus

Breeds north to r1. ;r .; t.,,inters,
especially s. c. south

*Snowy Egret
Leuaophoyx thuZa

Breeds north to Main:!; winters
especially Ga. south

*Louisiana Heron
Hydranassa triaoZor

Breeds north to Del .; ~li :~ters
especially s. C . - south

*Black-crowned Night Heron
Nyatiao rax nyatiao rax

Breeds north to Conn.; winters,
especially Ga. south

*Yellow-crowned Night Heron
Nyatanassa vioZaaea

Breeds north to N. Y., winters
mainly Fla.

Least Bittern
Ixobryahus exiZis

Breeds in all eastern U.S., except
mountains, winters Fla. south.
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(Continued)

Wading birds .
American Bittern

Botaurus lentiginosus

Occurrence and Habitat
Possibly breeds in Fla.,; winters
throughout, mainly on coast

*Wood Stork

Breeds in Fla., straggles north

*Glossy Ibis

Breeds

*White Ibis

Breeds S. C. south, straggles
to Canada

Mycteria americana

Plegadis falcinellus
Eudocimu.s albus

s.

c.-Me., also Everglades

Scarlet Ibis

Tropical, accidental, Fla.

Roseate Spoonbill

Breeds south to Fla., straggles
to s. c .

Greater Flamingo

Colony at Hialeah, Fla.;
accidental to Del.

E udocimus ruber
Ajaia ajaja

Phoenicopterus ruber

Waterfowl
Mute Swan

Accidental, S. C.; increasing
Va.-Mass.

Whistling Swan

Winters Mattamuskeet, N. C.,
rarely south

Canada Goose

Winters to Ga., abundant N.
north; breeds n. Fla.

Barna c l e Goose

European accidental, 7-J.3Xl72,
Pea I., N. C.

Brant

Winters Bodi e-Pea Is. north,
straggles to Ga .

White -fron t ed Goo s e

Western; accidental N. c.-Ga.,
winter

Sn ow Goose

Winters Bodie-Pea Is., abundant,
acc i dental to Fla.

Cygnus olor

Olor columbianus
Branta canadensis

Branta leucopsis
Branta bernicla
Anser albifrons

Chen hyperborea

_r:;25

c.
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(Continued)

Waterfowl

Occurrence and Habitat

Snow Goose (blue form)
Chen aaerulesaens

Miss . R. Valley

Ross's Goose
Chen rossii

N. C.

Fulvous Tree Duck
Dendroaygna biaolor

Casual, mainly fall, especially
Fla., freshwater

Mallard
Anas platyrhynahos

Winter; common N. c.-Ga., uncommon
Fla.; freshwater

Black Duck
Anas rubripes

Winter; common-abundant, N. c.S. c., uncommon Ga.-Fla., freshsaline ,water

Mottled Duck
Anas fulvigula

Fla. resident; accidental, Ga.

Gadwall
Anas strepera

Winter; uncommon; breeds BodiePea Is. NWR; freshwater

*Pintail
Anas aauta
Common Teal
Anas areaaa
*Green-winged Teal
Anas aarolinensis

Winter, rare N. c.-Fla.; mainly
Western, winter, accidental,

•

•

•

•

Winters, common-rare; freshwater
Winter accidental from Europe;
N. C. record
Winters, common-uncommon, fresh
and brackish water

Blue-winged Teal
Anas disaors

Breeds N. c., S. C., rare; freshwater, uncommon, winter

Cinammon Teal
Anas ayanoptera

Western; accidental N. c., S. C.

Garganey Teal
Anas querquedula

Spring, N. c., accidental (1 rec.)

Wigeon
Mareaa ameriaana

Winters; common

Northern Shoveler
Spatula alypeata

Winters, locally common, freshwater
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(Continued)

Waterfowl

Occurrence and Habitat

*Wood Duck

Breeds locally, rare-common,
freshwater ponds-swamps

*Redhead

Winters, rare-common, mainly
N. C. and Fla.

*Ring-necked Duck

Winters, uncommon north, common
Fla.; freshwater

*Canvasback

Winters, rare-common, brackishsaltwater

Aix sponsa

Aythya americana

•

Ay thy a c ol laris

Aythya valisineria

•

I

•

•

Greater Scaup

Aythya marila

*Lesser Scaup

Aythya affinis

Winters, mainly N. Eng.; uncommonrare south ; saltwater
Winters; uncommon-abundant, esp.
Fla. saltwater

Common Goldeneye

Winters, common, Bodie-Pea Is.,

Bufflehead

Winters, uncommon-abundant,
bracksih-saltwater

Oldsquaw

Winters, uncommon, N. C.; rare,
Fla.; saltwater

Harlequin Duck

Winter, accidental, S. c.,
14117 (extremely cold year)

Common Eid er

Winter, accidental, S.

Kin g Eider

Winter, accidental, N. c.-Fla.

White-winge d Scoter

Winters, common Bodie-Pea Is.,
uncommon-rare south; saltwater

Surf Scoter

Winters, abundant Bodie-Pea Is.,
uncommon-rares.; saltwater

Buaephala alangula
Bucephala albeola

Clangula hyemalis
Histrionicus histrionicus

Somateria mollissima
Somateria spectabilis
Melanitta deglandi
Melanitta perspicillata

*Black Scoter

Oidemia nigra

uncommon- rare south, saltwater

c.,

3 rec.

Winters, common Bodie-Pea Is.,
uncommon south ; saltwater
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Waterfowl

Occurre·n ce· ·a ·n d Ha'b ita t

Ruddy Duck
OxyuPa jamaicensis

Winter, uncommon-common south
recent breeder, Ga. and S. C.

Hooded Merganser
Lophodytes cucuZZatus

Winters, uncommon-common,
fresh-brackish water

Common Merganser
MePgus mePganseP

Winter, rare, freshwater

*Red-breasted Merganser
MePgus sePPatoP

Winter, abundant-common, saltwater

Diurnal birds of prey
Turkey Vulture
CathaPtes auPa

Resident, common north-abundant
south.

Black Vulture
CoPagyps atPatus

Resident, uncommon north-abundant
::.outh.

White-tailed Kite
EZanus ZeucuPus

Southwestern, accidental S. C. and

Swallow-tailed Kite
EZanoides foPficatus

Breeds, Everglades; rare-casual
north in summer, swamps

Mississippi Kite
Ictinia misieippiensis

Once bred, S. c.-Fla.; uncommon,
only increasing bird of prey

Everglade Kite
RostPhamus sociabiZis

Endangered, breeds in Everglades,
~'landers li tte

Sharp-shinned Hawk
AccipiteP stPiatus

Breeds throughout, uncommon summer,
occ . -common winter

Cooper's Hawk
AccipiteP coopePii

Breeds throughout, uncommon
winter and summer

Red-tailed Hawk
Buteo jamaicensis

Breeds throughout, open woods;
more common in winter

Red-shouldered Hawk
Buteo Zineatus

Breeds throughout, swamps; less
common than Red-tailed Hawk

Fla.
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Diurnal birds of prey
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Occurrence and Habitat

Broad-winged Hawk
Buteo platypterus

Breeds throughout, dense woods,
winters south Fla.-South America.

Swainson's Hawk
Buteo swainsoni

Western, winters south Fla.-South
America ; acc~der.tal, fall S. C.

Short-tailed Hawk
Buteo brachyurus

Breeds southern Fla., accidental
in study area of Fla.

Rough-legged Hawk
Buteo lagopus
Golden Eagle
Aquila chrysaetos

-~ Winter, casual, often coastal,
seldom south of N. c.
Rare-casual, winter, N. C.-Ga.;
near extinction in eastern U. S.

*Bald Eagle
Haliaeetus leucocephalus

Breeds throughout; esp. coast
and Fla.; endangered

*Marsh Hawk
Circus cyaneus

Winters, uncommon-abundant, esp •
Fla. marshes and savannahs

*Osprey
Pandion haliaetus

Breeds throughout, winters N.
Fla., increasing south

Caracara
Caracara cheriway
*Peregrine Falcon
Falco peregrinus

Accidental, s. C. ; breeds south
central Fla.
Winter, very rare, coastal,
endangered

Merlin Pigeon Hawk
Falco columbarius

Winters, uncommon-rare

Arn. Kestrel (Sparrow Hawk)

Resident numbers very low;
winter, common-abundant

Falco sparverius

c.-

Upland fowl
Chachalaca
Ortalis vetula

Introduced Sapelo and Blackbeard,
Is., Ga . ; rare

Bobwhite
Colinus virginianus

Resident; abundant throughout,
shrubby uplands
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Diurnal birds of prey

Occurrence and Habitat

Turkey
MeZeagris gaZZopavo

Local resident , open woods and
swamps , rare - uncommon

Ring- necked Pheasant
Phasianus eoZehieus

Introd. Bodie- Pea Is. NWR;
climate generally untenable

Cranes , limpkins , rai ls , galli nules and coots
Sandhi ll Crane
Grus eanadensis
*Limpk i n
Aramus guarauna
King Rail
RaZZus eZegans
*Clapper Rail
RaZZus Zongirostris

Savannahs and wet prairies;
breeds , Fla.
Wet swamps, marshy shores;
breeds , Fla., casual to s. C.
Freshwater, oligohaline marshes
Salt marshes; common-abundant,
resident

Virginia Rail

Fresh and brackish marshes;

Sora
Porzana earoZina

Freshwater marshes; rareabundant, spring-fall

Yellow Rail

Fresh and salt water marshes;
rare, fall-spring

Black Rail

Mainly coastal marshes, rare,
fal l -spring

Common Gallinule
GaZZinuZa ehZoropus

Freshwater ponds and lakes,
uncommon breeder

Purple Gallinule
PorphyruZa martiniea

Freshwater ponds and lakes;
uncommon breeder

RaZZus ZimieoZa

Coturnieops noveboraeensis

LateraZZus jamaieensis

*American Coot
FuZiea amerieana

uncommon, spring-fall

Shallow freshwater lakes, uncommon
breeder

Shorebirds
*American Oystercatcher
Haematopus paZZiatus

Tidal flats and oyster reefs,
rare-abundant breeder
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Lapwing

European accidental, fall,

Semipalmated Plover
Charadrius semipalmatus

Shores and mudflats, fall-spring

Vanellus vanellus

C.

*Piping Plover
Charadrius melodus

Beaches and dunes, uncommon
breedersouth to Beaufort, N.

*Snowy Plover

~Sand beaches in winter, rare,
Fla.

*Wilson's Plover

Sand beaches, uncommon breeder

Charadrius alexandrinus

•

Occurrence and Habitat

Shorebirds

Charadrius wilsonia

c.

Killdeer

Pastures, beaches, open space,
nest on bare areas, roofs

American Golden Plover

Beaches, rare fall migrant

Charadrius voaiferus

PZuviaZis dominioa

*Black-bellied Plover

Ocean beaches, tidal flats

*Ruddy Turnstone
Arenaria interpres

Ocean beaches, fall-spring

Squatarola squatarola

American Woodcock
Philohela minor

Swamps, moist woods; uncommon
breeder

Common Snipe
Capella gallinago

Fresh and brackish marshes, fallspring

Long-billed Curlew
Numenius ameriaanus

Western, coastal, winter, rare

Whirnbrel
Numenius phaeopus

High salt marsh, rare to abundant
migrant; occasional, winter

Upland Sa~dpiper.
Bartram~a long~aauda

Upland grassy areas, esp. airports;
rare migrant

Spott~d.SandpiQer.
Aat~t~s maauLar~a

Coastal, winter
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Shorebirds
Solitary Sandpiper

Tringa soZitaria

*Willet
Catoptrophorus semipaZmatus

Occurrence and Habitat
Migrant, occasional to common
Salt marshes and beaches; common
breeder

Greater Yellowlegs

Tidal shores and flats; fallspring

Lesser Yellowlegs
Totanus fZavipes

Tidal shores and flats; fallspring

Red Knot

Beaches; occasional to abundant;
migrant, uncommon, winter

Purple Sandpiper

Rock jetties; winter, local,
uncommon

Pectoral Sandpiper

Migrant, short-grass marshes,
rare-common, spring-fall

White-rumped Sandpiper

Migrant, rare-occasional, fallspring

Baird's Sandpiper

Midcontinent and plains; accidental
migrant, southeastern coast.

Least Sandpiper

Mud flats; uncommon-abundant,
fall-spring

Totanus meZanoZeuaus

CaZidris aanutus

EroZia maritima
EroZia me Zanotos

EroZia fusaiaoZZis

EroZia bairdii

EroZia minutiZZa

*Dunlin

Ero Zi a aZ pi na

Mudflats; abundant-uncommon,
fall-spring

Long-billed Dowitcher

Western, mudflats; occasional,
winter

Stilt Sandpiper

Marshes and mudflats, migrant;
rare to uncommon.

Limnodr-omu~ saoZopaaeus

Mi3ropaZama himantopus

*Semipalmated Sandpiper

Ereunetes pusiZZus

I

•

•

Tidal flats; abundant, fall-spring

Short-billed Dowitcher

Limnodromus griseus

I

Winter, common to abundant
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Shorebirds

Occurrence and Habitat

Western Sandpiper
Ereunetes mauri

Winter, common to abundant

Buff-breasted Sandpiper
Tryngites subrufiaoZZis

Short-grass areas; fall, rareuncommon, N. C., Ga., Fla.

Marbled Godwit
Limosa fedoa

Western, migrant and winter,
occasional to common

Hudsonian Godwit
Limosa haemastiaa

·Midcontinent , marshes, rare
winter

Bar-tailed Godwit

European accidental

American Avocet
Reaurvirostra ameriaana

Coastal shallows and saline ponds,
fall to spring; irregular, rare to
common

~ Limosa Zapponiaa

*Black-necked Stilt
Himantopus me~iaanus
*Red Phalarope
Phalaropus fuliaarius
Wilson's Phalarope
Steganopus triaolor
*Northern Pahlarope
Lobipes Zobatus

Salt and freshwater shallows, rareuncommon breeder, Fla., S. c.,

N. C.

Winters offshore on Gulf Stream,
rare to common
Freshwater ponds, western , winter
accidental
Winters offshore on Gulf Stream

Ruff
Philomaahus pugnax

Eurasian, accidental, S. C., N. C.
14VII66

Curlew Sandpiper
Erolia ferruginea

Siberian straggler, N.
1970

*Sanderling
Croaethia alba

c.,

Aug.

Surf-swept beaches, abundant,
fall-spring, occasional summer

Seabirds: Jaegers, gulls,
terns, skimmers and alcids
*Pomarine Jaeger
Steraorarius pomarinus

Breeds in Arctic, migrates offshore
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Seabirds: Jaegers, gulls,
terns, skimmers, and alcids
Parasitic Jaeger

Breeds in Arctic, migrates offshore

Long-tailed Jaeger

Breeds in Arctic, migrates offshore, S. C. XI26-IV4,5 records

Glaucus Gull

Arctic-boreal, accidental, N.
Ga.

Iceland Gull

Arctic-boreal, accidental, N. C.
- Ga.

Steroorarius parasitious
Steroorarius longioaudus

Larus hyperboreus

Larus glauooides

*Great Black-backed Gull

Larus marinus

Lesser Black-backed Gull

Larus fusous

c.-

Coastal, range expanding
southward
European, accidental, winter

*Herring Gull

Coastal, also increasing southward

*Ring-billed Gull

Inland nester, possibly declining

Larus argentatus
Larus delawarensis

Black-headed Gull
'

Occurrence and Habitat

Larus ridibundus

*Laughing Gull

Larus atrioilla

Coastal, common
Coastal bays, inland lakes,
winter

Little Gull

European, now breeds in Ontario,
accidental, fall, N. C.

Black-legged Kittiwake

Arctic-boreal, oceanic; accidental
offshore to Fla.

Sabine's Gull

Arctic-western, oceanic in winter,
accidental, Fla.

Larus minutus

Rissa tridaotyla
Xema sabini

*Gull-billed Tern

Ge l oohelidon nilotioa

•

European, regular accidental to
Fla.

Bonaparte's Gull

Larus phi lade l phia

•

Salt marshes, uncommon breeder
on beaches, sand spits
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Seabirds: Jaegers, gulls,
terns, ~kimmers, and alcids
*Fo;ster's Tern

Sterna forsteri

Occurrence and Habitat
Salt marshes, on East Coast
breeds in Va., N. c. and La.

Common Tern

Coastal, rare to common breeder

*Arctic Tern

Offshore, moves north over Gulf
stream in spring

Sterna hirundo

Sterna paradisaea

Roseate Tern

Coastal, casual, rare breeder

Bridled Tern

Tropical, casual, S.
Fla . records

Noddy Tern

Tropical, accidental

Sooty Tern

Tropical, accidental

Sterna dougallii

Sterna anaethetus

An1:)us s to lidu s

Sterna fusaata

*Least Tern

Coastal, beach nester

*Royal Tern

Coastal, beach nester

Sterna albifrons

Thalasseus maximus

c.,

Ga. and

Sandwich Tern

Coastal, beach nester, usually
with Royal Tern

Cas p ian Tern

Coastal, rare to common, rare
breeder

Bl a ck Te r n

Breeds inland, uncommon (N. C.)
to common coastal mig rant

Wh ite - wi nge d Bla ck Tern

European , acciden tal

Thalasseus sandviaensis

Hydroprogne aaspia

Chlidonias niger
Chlidonias leuaopterus

*Black Sk immer

Rynahops nigra

Razorbill

Alaa torda

Coastal, beach nester, common
Oceanic boreal, acciden tal; S.
1214 8, (oiled)
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Seabirds: Jaegers, gulls,
terns, skimmers, and alcids

•

Occurrence and Habitat

Thick-billed Murre

Oceanic, Arctic-boreal,
accidental; S. c. 19 XII

Dovekie

Arctic-oceanic, accidental

Black Guillemot

Arctic-boreal, accidental

Common Puffin

Arctic-boreal, accidental

•

Rock Dove

Mainly urban, often abundant

•

White-winged Dove

Southwestern, accidental, S.

Mourning Dove

Pastoral and surburban, abundant
game bird

Ground Dove

Open bare to shrubby sites, common
southward

Yellow-billed Cuckoo

Deciduous woods, common breeder

Black-billed Cuckoo

Deciduous woods, occasional
migrant

Smooth-billed Ani

Shrubby areas, resident Cocoa ,
Fla.; at Satellite B., N. C. ,

Uria lomvia

Plautus alle
Cepphus gry l le

Frateraula aratiaa

•

Pigeons, doves,
cuckoos, and anis

Columba livia
Zenaida asiatiaa
Zenaidura maaroura

Columbigallina passerina
Coaayzus ameriaanus
Coaayzus erythropthalmus

Crotophaga ani

N. C.

c.,

6X69.

Owls
Barn Owl

Perm. resident, limited by nest
sites and highway mortality

Screech Owl

Small towns, suburbs, resident

Ty to albc.

Otus asio
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Owls

Occur~ence and Habitat

Great-horned Owl

Woodlands, resident

Snowy Owl

Boreal,accidental,
26X43-24I46.

Burrowing Owl

Ranches, central and south Fla.;
accidental N. c., S. C.

Bubo virginianus
Nyctea scandiaca

Speotyto cunicularia

Barred Owl

S. C. coast,

·Swamps and floodplains, common
resident

St l'i :c v ari a

Long-eared Owl

Cool temperate, open woods, winter
casual

Short-eared Owl

Marshes, winter, rare

Asio otus

Asio flammeus

Saw-whet Owl

Aegolius acadicus

r,

Cool temperate, Bodie Is., N. C.; t
S. C., llXI, 28XI, 24XII

Goatsuckers, swifts,
hummingbirds and kingfishers
Chuck-will's Widow

Coastal plain pine forest

Whip-poor-Will

Deciduous woods, especially
near open space

Common Nighthawk

Urban and open areas, roof and
bare ground nester

Chimney Swift

Urban areas, dependent on large
chimneys for nests

Ruby-throated Humming bird

Suburbs, shrubby areas and
swamps

Ru fou s Hummingbird

Western, accidental, Fla.

Caprimulgus carolinensis
Caprimulgus vociferus

Chordeiles minor

Chaetura pelagica

Archilochus colubris
Selasphorus rufus

*Belted Ki ngfi sher

Megaceryle alcyon

Water courses, nests in creek
banks
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Woodpeckers

Occurrence and Habitat

Common Flicker

Open areas with large, partially
dead trees.

Pileated Woodpecker

Deciduous swamps and old, mixed
forest, uncommon-common

Red-bellied Woodpecker

Woodlands and low-density suburbs,
common-abundant

Red-headed Woodpecker

Deciduous open woods with large
oaks and dead trees

Yellow-bellied Sapsucker

Open woodlands with sap producing
trees, winter

Hairy Woodpecker

Swamps and upland forest, scarceuncommon

CoZaptes auratus

Dryoaopus piZeatus

Centurus aaroZinus

MeZanerpes erythroaephaZus

Sphyrapiaus varius

Dendroaopos viZZosus

Downy Woodpecker

Dendroaopos pubesaens

Woodlands and older suburbs,

common-abundant

Red-cockaded Wocdpecker

Old pine woods with diseased
heartwood. Endangered species.

Ivory-billed Woodpecker

Deciduous swamps, probably
extinct

Dendroaopos boreaZis

CampephiZus prinaipaZis

•

Flycatchers
Eastern Kingbird

Open space with fair-sized
trees and utility wires

Western Kingbird

Open areas, spring-fall, rare
to uncommon, 9 records 1IX-18XI73

Gray Kingbird

Ty~annus dominiaensis

Breeds, lower Fla. coasts,
rarely to s. C.; Pea Is., N. C.
3IX73

Scissor-tailed Flycatcher

Open country, winter accidental

Great Crested Flycatcher

Deciduous and mixed woods, common

Tyrannus tyrannus
Tyrannus vertiaaZis

Musaivora forfiaata

Myiarahus arinitus
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Flycatchers

Occurrence and Habitat

Eastern Phoebe

Breeds Va. north, moist woods,
winters, especially Fla.

Yellow-bellied Flycatcher

Boreal forest, accidental
migrant

Acadian Flycatcher

Floodplain deciduous swamps,
common breeder

Sayornis phoebe
Empidonax fZavive n tris
Empido nax vires c e ns

Traill's Flycatcher

Empidonax traiZZii

· ...Cool temperate, deciduous
forest, rare migrant

Least Flycatcher

Cool temperate, deciduous trees,
casual migrant

Eastern Wood Pewee

Older forests of deciduous trees
and mixed woods

Olive-sided Flycatcher

Accidental, Cape Canaveral,
30IX73

Vermilion Flycathcer

Southwestern, accidental (N. C.),
rare (Fla.) in winter

Fork-tailed Flycatcher

Tropical accidental, Bull Is.,
Cape Romain NWR, S . C.

Empidonax minimus

Co ntopus vir ens

NuttaZZornis boreaZis

PyrocephaZus rubinus

Muscivora tyrannus

Larks and Swallows
Horn ed Lark

Hay and grain fields, occasional
to rare, winter

Tr ee Swallow

Marshes & myrtle bushes, cool
temperate, breeds Va. north

Bank Swallow

High, steep banks for nests,
colonial; occasional, spring &
fall

Rough-wi nged Swallow

Breeds in banks near water ,
uncommon nester

Barn Swal low

Barns, b r idges and piers for
nest sites, mud for nests.

EremophiZa aZpestris
Iridoprocne bicolor

Riparia Riparia

St2lgidopteryx ruficollis
Hirundo rustica
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Larks and Swallows

Occurrence and Habitat

Cliff Swallow

Occasional to uncommon, coastal
migrant

Purple Martin
Progne subis

Open spaces with adequate bird
houses

Petrochelidon pyrrhonota

Jay and Crows
Blue Jay
Cyanocitta cristata

Deciduous and mixed forest,
abundant

Scrub Jay
Aphelocoma coerulescens

Sand pine and turkey oak
scrub, central Fla.

Common Crow
Corvus brachyrhynchos

Medium-sized trees for nests,
fields for food

*Fish Crow
Corvus ossifragus

Coastal plain lowlands and shores
throughout Fla.

Tits, nuthatches,
creepers and wrens

'·

Carolina Chickadee
Parus carolinensis

Woodlands, suburbs; rare southward

Tufted Titmouse
Parus bicolor

Deciduous woodlands

White-breasted Nuthatch
Sitta carolinensis

Deciduous woods, esp. swamps,
rare southward

Red-breasted Nuthatch
Sitta canadensis

Boreal, coniferous forests;
sporadic, winter

Brown-headed Nuthatch
Sitta pusi ZZa

Pine forests, coastal plain .
northward

Brown Creeper
Certhia familiaris

Boreal, uncommon to occasional
southward, winter

House Wren
TPoilodytes aedon

Thickets and scrub, winter

Winter Wren
Troglodytes troglodytes

Swamps, winter
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Tits , nuthatches ,
creepers and wrens

Occurrence and Habitat

Bewick's Wren

Shrubby areas , casual, winter

Carolina Wren

Thi ckets and swamps , older
hous i ng areas.

Thryomanesbewiekii

Thryothorus Zudovieianus

*Long-billed Marsh Wren

Salt marshes ( i ns . e . states)

*Short-billed Marsh Wren

High (short grass) marsh,
winter

Telmatodytes palustris

Cistothoru s platen sis

Mimics and thrushes
Mockingbird

Suburbs, scrub, open woods;
abund3. nt

Brown Thrasher

Thickets, suburbs; common

Sage Thrasher

Western accidental, 7-13XI72,
Pea Is . , N. C.

Gray Catbird

Swamps, thickets, ledges;
common

Robin

Swamps, fields, lawns; mainly
winters

Wood Th rush

Deciduous woodlands, uncommon
near coast

Hermit ThL·ush

Woodlands, winter

Swainson's Thrush

Migrant, occasional-uncommon

Ve:~ry

Woodlands, rare to uncommon
mi grant

Gray-cheeked Thrush

Migrant, occasional to common

Mimus polyglottos
To x ostoma ru fum

Oreoseoptes montanus
DumeteZZa earolinensis

Turdus migratorius

Hyloeiehla mustelina
Hytoeiehla guttata
Hyloeiehla ustulata
Hyloeiehla fuseeseens
Hyloeiehla minima
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Mimics and thrushes
Eastern Bluebird

Sialia sialis

Occurrence and Habitat
Fields, open woods, scrub,
mainly fall, winter

Gnatcatchers and

Ringlets

Blue-gray Gnatcatcher

Swamps, woodlands

Golden-crowned Kinglet

Swamps, mixed woods

Ruby-crowned Kinglet

Boreal and Arctic; winter
swamps, deciduous woods

Polioptila caerulea

Regulus satrapa

Regulus calendula

Pipets, waxwings,
shrikes and starlings
Water Pipet

Tundra nester; pastures,
and beaches, winter; uncommon

Sprague's Pipet

Midcontinent, tall grass prairie;
accidental, winter

Cedar Waxwing

Erratic migrant, swamps (spring),
suburbs, open woods

Loggerhead Shrike

Rural areas with scrub wastes
or small trees

Starling

Nearly ubiquitous, esp. suburbs,
fields, pastures; abund ant
pes t

Anthus spinoletta
Anthus spragueii

Bombycilla cedrorum
Lanius ludovicianus
Sturnus vulgaris

Vire os and warb lers
Whit e - eyed Vireo

Swamp s , t h i c kets , s ummer

Ye llow- t hroat eu. Vireo

Decid uous fore s t s , o l der
suburbs

Bl ack- whiskered Vireo

Mangrove s , casual

Sol i t ary Vireo

Decid uous trees, winter, uncommon

Vir,.w griseus

Vir~o flavifrons

Vireo altiloquus

Vireo solitarius
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Vireos and warblers

Occurrence and Habitat

Red-eyed Vireo

Deci duous forest

Philadelphia Vireo

Scrubby woods , mi grant , rare
or uncommon

Warbling Vireo

Large , deciduous trees , rare
migrant

Vireo oUvaceus
Vireo philadelphicus

Vireo gi lvus

Black and White Warbler

Mniotilta varia

•, Swamps , deciduous forest

Prothonotary Warbler

Swamps and wooded floodplain

Swainson's Warbler

Swamps, esp. canebreaks

Worm-eating Warbler

Deciduous woods , migrant ,
occasional-common

Bachman's Warbler

Swamps , moist woods; endangered
species , may be extinct

Blue-winged Warbler

Upland , open woods , occasional
migrant

Golden-winged Warbler

Young hardwood trees, rare
migrant

Tennessee Warbler

Boreal forest, accidental
migrant

Orange-crowned Warbler

Western N. Am., southeast coast in
winter

Nashville Warbler

North temp. bogs and deciduous
woods; accidental migrant

Northern Parula

Floodplain swamps, often common
or abundant

fellow Wa.rbler

Thickets, occasional to common
migrant

Protonotaria citrea
Limnothlypis swainsonii

Helmitheros vermivorus
Vermivora bachmanii

Vermivora pinus

Vermivora chrysoptera

Vermivora peregrina
Vermivora celata

Vermiv~ra ruficapilla
Parula americana
Dendroica petechia
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warblers

Occurrence and Habitat

Magnolia Warbler
Dendroioa magnolia

Boreal, occasional migrant

Cape May Warbler
Dendroioa tigrina

Boreal taiga (spruce-fir forest):
rare to common migrant

Black-throated Blue Warbler
Dendroioa oaerulesoens

Cool temperate thickets,
occasional-common (Fla.) migrant

Yellow-rumped (Myrtle) Warbler Taiga, most abundant winter
Dendroioa ooronata
warbler

s. c.

Black-throated Gray Warbler
Dendroioa nigresoens

Western, accidental,

Black-throated Green Warbler
Dendroioa virens

Boreal forest and s.e. cypress
swamps: rare-occasional migrant

Cerulean Warbler
Dendroioa oerulea

Accidental, Fla., 15X73; deciduous
woods

Blackburnian Warbler
Dendroioa fusoa

Lower taiga & (N. Appalachia)
deciduous trees; occasional
migrant

Yellow-throated Warbler
Dendroioa dominioa

southern pines and evergreen
oaks

Chestnut-sided Warbler
Dendroioa pensylvanioa

Cool temperate deciduous thickets; occasional migrant

Bay-breasted Warbler
Dendroioa oastanea

Lower taiga; occasional migrant
(Merritt Is.)

Blackpc 1.1 Warbler
Dend1aioa striata

All taiga; occasional-common
migrant

Pine Warbler
Dendroioa pi"lus

Mature pines

Kirtland's Warbler
Dendroioa kirtlandii

Rare, accidental, S. C.; 5 records,
4-29X, 27IV-5V

Prairie Warbler
Dendroioa disoolor

Young woods and mangroves

•
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Table 7.1.

(Continued)

Vireos and warblers

Occurrence and Habitat

Palm Warbler

Taiga bogs; coastal thickets,
winter

Oven bird

Deciduous and mixed woods,
occasional-common migrant

Northern Waterthrush

Bogs, all taiga; occasionalcommon migrant

Louisiana Waterthrush

~ivers and swamps, occasional
migrant

Ken tucky Warbler

Flood plains; ground nester;
occasional breeder, Cape Romain

Connecticut Warbler

Mid-Canada, in dense undergrowth;
u n commo n mi g r ant

Mourn i ng War bler

Lower taiga, i n heavy undergrowth

Ye llowthr o a t

Wet thickets i n open grassy areas

Yellow-bre aste d Chat

Brushy, cutover areas, uncommon
breeder at Cape Romain

Hooded Warble r

Deciduous swamps and flood
plains

Wi l son ' s Warbl er

Willow thickets, accidental
migrant, Bodie Is . , N. C.

Canada Warbler

Understory , c ool temper a te
fores t; acc i den t a l, Ga . coast

Arrerican Redstart

Deciduo us f o r e s t over most of Nort h
America, occasional-common migrant

Dendroiaa palmarum

Seiurus auroaapillus
Seiurus noveboraaensis

Seiurus motaailla

Oporornis formosus
Oporornis agilis

Oporornis philadelphia

Geothlypis triahas
Iateria virens

Wilsonia aitrina
Wilsonia pusilla
Wilsonia aanadensis
Setophaga rutiailla

l!eaver finches
House Sparrow

Passer domestiaus

Abundant in developed areas,
U. s. and Canada
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Table 7 .1.

(Continued)

Meadowlarks, blackbirds,
orioles and tanagers

Occurrence and Habitat

Bobolink
DoZiahonyx oryzivorus

Meadows, also marshes in
migration; very rare, winter

Eastern Meadowlark
SturneZZa magna

Pastures and meadows

Western Meadowlark
SturneZZa negZeata

Accidental, Ga. coast

Yellow-headed Blackbird
Western, accidental on coast, all
XanthoaephaZus xanthoaephaZus
4 states
Red-winged Blackbird
AgeZaius phoeniaeus
•
Orchard Oriole
Iaterus spurius

Suburbs and open areas with
large, deciduous trees

Northern (Baltimore) Oriole
Iaterus ga Zbu Za

Tall trees near homes, uncommon
migrant; rare in winter

Rusty Blackbird
Euphagus aaroZinus

Taiga breeder, winters mainly
in swamps, occasional on coast

Brewer's Blackbird
Euphagus ayanoaephaZus

Western, rare to occasional,
S. C •. coast

*Boat-tailed Grackle
Cassidix mexiaanus

Marshes, ranches and farms

Coastal marshes, shores of
large coastal lakes

Common Grackle
QuisaaZus quisauZa

Farms & older suburbs; prefers
bushy pines for nesting

Brown-b::!adeC: Cowbird
Mo 7,oth2 us te2•

Pastures and fields; social
parasite; moving south

Scarlet Tanag,q:r.
Piranga oZivaaea

Cool, deciduous woods; rareoccasional migrant on coast

Westen, 'I'anager
Piranga Zudoviaiana

Accidental, winter and spring

Summer Tanager
Piranga rubra

Mixed southern upland woods ,
common

1
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Table 7. 1.

(Continued)

Grosbeaks, finches,
sparrows and buntings

Occurrence and Habitat

Cardinal

Forest edges and older
suburbs

Rose-breasted Grosbeak

Cool temperate deciduous
woods; rare-uncommon migrant

Blue Grosbeak

Rural areas, especially
small grain fields intersper sed with woods

Richmondena cardinaZis
Pheucticus Zudovicianus

Guiraca caeruZea

,.

Indigo Bunting

Forest edges and hedge rows

Painted Bunting

Coastal brushy places,
south

Dickcissel

Weedy areas, stubble fields,
winter, casual on coast

Evening Grosbeak

Taiga conifers, deciduous
trees, feeders, in winter

Purple Finch

Cool temperate, esp. taiga;
uncommon coastal winter visitor

House Finch

Not yet on coast, but rapidly
increasing s~uthward

Pine Siskin

Erratic boreal migrant,
occasional to south Fla.

American Goldfinch

Weedy fields and small-seeded
trees

Rufous-sided Towhee

Dense thickets

Savannah Sparrow

Short grass and weedy fields;
pastures and dunes in winter

Savannah (Ipswich) Sparrow

Coastal dunes, rare N. C. Ga.

Passerina cyanea

Passerina ciris

Spiza americana
Hesperiphona vespertina

Carpodacus purpureus
Carpodacus mexicanus

Spinus pinus
sp~'.-:ius tristis

Pipi~o erythrophthaZmus

PassercuZus sandwichensis
PassercuZus s. princeps
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Table 7 .1.

(Continued)

Grosbeaks, finches, sparrows
and buntings

Occurrence and Habitat

Grasshopper Sparrow
Ammodramus savannarum

Grassy fields, winter, uncommon
occasional

LeConte's Sparrow
Passerherbulus oaudaoutus

Marshes in summer, old fields
in winter

Henslow's Sparrow
Passerherbulus henslowii

Medium-height grass, winter,
uncommon

Sharp-tailed Sparrow
Ammospiza oaudaouta

Short grass , fresh and salt
marshes

Seaside Sparrow
Ammospiza maritima

High salt marsh

*Dusky Seaside Sparrow
Ammospiza migresoens

Salt marshes, only found at
Merritt Is., Fla.

Lark Bunting
Calamospiza melanooorys

Charleston Co., S. C. 19IVI895

Vesper Sparrow
Pooeoetes gramineus

Meadows and grain fields

Lark Sparrow
Chondestes grammaous

Western grasslands, accidental
on southeast coast

Bachman's Sparrow
Aimophila aestivalis

Abandoned rural areas and scrubby
woods, rare on coast

Dark-eyed (slate-colored) Junco
Junco hyemalis

Taiga and mountains in summer,
thickets in winter

Tree Sparrow
S pi aelZa c.rborea

Arctic-boreal, thickets and
weed fields. Accidental, N. C.

Chipp j ng &par l."OW
Spiaella pas~erina

Common on lawns and gardens of
suburbs and farms

Clay-~olored Sparrow
Spizella pallida

High western areas with brushy
c over

Field Sparrow
S pize ZZa pusi lla

Old fields or cutover areas
reverting to woodland
548
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(Continued}

Grosbeaks, finches, sparrows
and buntings

Occurrence and Habitat

Harris' Sparrow

Western accidental, Merritt
Is., 19-28XI66

White-crowned Sparrow

Rocky Mtns. and Arctic; old
fields in winter, casual

White-throated Sparrow

Boreal, thickets & feeders in
winter (most-banded bird)

Fox Sparrow

Boreal; dense thickets in
winter, scarce below S. c.

Lincoln's Sparrow

Boreal bogs; rare on southeast
coast winter

Swamp Sparrow

Sparsely wooded flood plains,
bogs, marshy thickets

Song Sparrow

Moist areas with adequate
thickets

Lapland Longspur

Winter, open fields and
dunes, accidental

Smith's Longspur

Accidental S. C., 1XII1880,
9111889

Snow Bunting

Winter, fields, dunes and
beaches; casual N. c . -Ga.

Zonotrichia queruZa Zonotrichia Zeucophrys

Zonotrichia aZbicoZZis

PassereZZa iZiaca

MeZospiza ZincoZnii
MeZospiza georgiana

MeZospiza meZodia
Calcarius Zapponicus
Calcarius pictus

Plectrophenax nivalis
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habits difficult or impossible to obtain. Banding studies
provide some data on migration but may not show with any
accuracy the pathway by which a bird got from one place to
another. These studies also provide data on the lower limit
of longevity. These limitations and various others place very
definite constraints on the types and validity of information
available. However, birds have been studied by so many
professional and amateur avifauna enthusiasts that an impressive
amount of data has been collected which provides an insight into
the life style of various birds adequate for one to evaluate
the impact of man's activities.
In addition to the uncontrolled constraints resulting from
the characteristics of birds, several constraints were selfapplied in filtering the available data. Greatest emphasis
has been placed on common and abundant species which occur
within the aquatic domain. Further, pelag~c and estuarine
species were given greater emphasis than species restricted to
freshwater habitats. Species summaries were prepared only for
wetland species. Access to literature on otner species is
provided in the bibliography.
7.2. Habitat Requirements, Abundance, and Seasonality
Some birds are closely associated with specific habitats,
whereas other species are more plastic in their requirements.
Approximately 60% of the birds which occur along the coast are
dependent on the various aquatic habitats during all or part
of the year.
1

Most Oceanic species dive into the water to catch their
prey, but petrels and [halaropes feed on surface plankton.
Gannets and pelicans dive from considerable heights, while loons,
cormorants, mergansers, and grebes dive from the water surface
and pursue their prey under water. Sea ducks may dive to depths
of at least 40 feet to obtain shellfish. Kingfishers and terns
often hover before they plunge into the water to obtain small
fish. The wading birds, chiefly herons, egrets, ibises, and
several shorebirds, either plunge their heads under water to
spear prey, use their long bills to seive plankton, or probe
the bottom to locate prey. All these birds require water which
is clear enough to see their prey and free of injurious substances, e~pecially large amounts of floating oil. The prey,
also, ~ust not contain amounts of toxicant which could directly
harm the predator or interfere with reproduction, if the species
population is to remain viable.
Isolated islands, spoil banks, and remote or protected
beac~es are especially valuable habitats for ground nesting
550

sea birds. Several other ground nesting species utilize dunes,
marshes, and washovers when these are undisturbed by m~n and
predators are scarce. Clapper Rails and Willets nest in saltmarshes. Forster's Terns and Herring Gulls have started to
nest in several marshes in the area only during recent years.
Two habitats are valuable as nesting sites for wading birds.
One group of waders uses shrub-covered islands, nesting in the
shrubs or on the ground beneath. A second group prefers wooded
swamps, placing nests high above the ground.
Man's efforts to control mosquitoes by impounding high
marsh areas provide a valuable habitat for ducks and coots when
properly managed. Periodic drainage of impoundments and planting
with millet and other grains, which are allowed to mature before
reflooding, provide an importan~ food supply. Dikes surrounding
impoundments serve as nesting sites and refuges from storm tides
for various species.
Stone jetties designed to protect inlets and
vide a minor habitat otherwise rare in the area.
Sandpiper feeds on jetties during the winter, and
them year-round for resting. Birds are not known
jetties, however.

beaches proThe Purple
gulls use
to nest on

Freshwater swamps are among the best habitats for many
terrestrial bird species. As one might expect from the relative scarcity of well-developed, undisturbed swamps, those
species especially dependent on this habitat are often scarce.
Abandoned fields in various stages of reforestation are another
important habitat for terrestrial birds. Older suburban areas
with large trees may support sizeable populations of desirable
birds.
Less valuable habitats for birds are such well-managed
areas as fields devoid of fence rows, orchards sprayed with
pesticides, monoculture pine forests, golf courses, modern
housing developments, trailer parks, and industrial plants.
Many birds have adapted to live with man in these unnatural
situations, and man's efforts to provide nesting shelters
and food, and to control predators, have allowed them to prosper.
However, some of the species most benefited by man have proven
to be serious pests.
Table 7.2 lists 197 species of birds found in National
Wildlife Refuges along with seasonal abundance data compiled
by the Refuges. This is one of several sources of abundance
data. Also included in this table are notes regarding the
im~act of man on each bird species, both detrimental and
beneficial effects. It is hoped that this information will
provide insight into potential impacts one might expect as a
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Table 7.2.

(legend)

Symbols used i n the table of abundance.

a - abundant
b - breeds
c - common
o - occasional
r - rare

u - uncommon
The data are taken mainly from National Wildlife Refuge bird
lists, which use these categories. Inclusion of the often used
designations "fairly common" and "scarce" might have been
more informative, but was unwarranted, considering the data
available.
Symbols used in the relationships of common southeastern birds
to man.
The relationships to man are given as positive (P) or negative
(N) based on trends in the population level of the birds. Most
activities of man have a negative effect, a few have a positive
effect and several may be either, depending on the species
involved. Some categories, e.g. shooting, are specific; others,
e.g. development (alterations by man), are multi-facited since
they may include many types of human activity . The categories
follow, with comments.
ag - agriculture - includes land clearing, use of pesticides,
fallow fields, elimination of fence rows and changes in
food supply.
be - beaver activity - while beavers were originally native to
the area, they were absent for 100-300 years before
reintroduction by man -- without their natural predators.
Thus man must accept responsibility for serious destruction
of floocplain trees by cutting or girdling, and perhaps
more often by drowning.
ca - cats, domestic and feral - cats associated with man preclude
ground-nesting near habitations and occasionally raid nests
in trees and bird houses.
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Table 7 . 2 .

(legen d - continued)

cf - competition for food - a supposition probably true , but
of unknown consequence or new adaptations .
ch - channel ization - man shortens watercourses , dries out
f l oodp l ains and removes overhanging trees . Since swamps
contain disproportionately greater numbers of nesting
species and i ndividual s than are found i n adjacent up l and
woods , the effect on uncommon warb l ers , such as the
Prothonotary and Kentucky may be significant . Birds appear
to nest in greater numbers in trees overhanging water.
Fish biomass is greatly reduced by channelizing and probably
herptiles are also affected; thus reducing the available
food for some avian species .
de - development - effect varies so greatly , depending on the
types and density of structures, ground scarification , size
and density of trees remaining and amount of open space
included (e.g. golf courses), that an involved species
might be excluded or increased in accord with its habitat
preference . Intensive development with manicured green
space will usually reduce diversity .
dr - drainage - used here to refer to continued draining of
potholes by laying drain tiles on the Great Plains ,
although a fair amount of this activity also occurs on
the southeastern coastal plain in urban and agricultural
areas .
It frequently increases runoff and flooding .
fa - falconry - this practice could have a serious impact on
our three declining species, including the very rare
Peregrine Falcon.
fd - food - particularly applied to birds frequenting feeders,
although the benefits to such species are open to doubt.
Also refers to farm wastes, feeding grain to waterfowl at
refuges, and grazing on winter grain fields by geese.
fr - ~orestry - applies mainly to the silvicultural practice
of planting nothing but pines on the coastal plain and
usually harvesting them at an early age. The word also
a~plies to timbering of bottomlands, where many birds
depend on old trees for nest sites and seasonal foods.
gt - glass and towers - large sheets of glass are increasingly
used in houses surrounded by large trees. Birds not
killed on impact may suffer from concussions. Television
towers and skyscrapers often cause large kills.
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Table 7.2. {legend - continued)
hd - human disturbance - intrusion of
pets, mainly to seabird colonies
disrupts setting or brooding and
and young to predatory gulls and

humans and associated
and heronies, which
often exposes the eggs
crows.

hi - habitat improvement - this varies greatly with the
species and is usually followed by a more specific item.
hl- habitat loss - a general category {e.g. development)
but always followed by a specific defining symbol.
hs - House Sparrow - a species introduced by man which usurps
nest boxes designed for native birds and competes for food.
im - impoundments - mainly large freshwater areas on refuges
and covering former salt marshes; beneficial to many
water birds, detrimental to some marsh dwellers.
n - nest sites - usually bird houses.
o - oil - a threat to ducks and sea birds, especially when
spilled in winter.
pd - predator destruction - some of our most pestiferous
birds, such as the Common Grackle and other blackbirds
seem to have virtually no predators.
pd - pesticides - persistent pesticides have declined in usage
but still threaten Barn Owl, Osprey, and other birds of
prey, the affect differing greatly between areas.
re - refuges - without these, several species might be extinct
and duck hunti~g greatly restricted.
rk - road kills - owls are particularly prone to becoming "DOR",
but rails, goatsuckers, cardinals and many more also suffer
cnis fate.
sh - shooting - affects mainly species taken legally in season,
and larger species which migrate out of the United States
in winter.
sp - spoil disposal - mainly by the Army Corps of Engineers;_
provides the only sites for seabird colonies in many
ae,eloped areas, particularly Florida.
st - Starling - this obnoxious pest is tolerated by those tender
souls who love all birds. It is particularly repugnant
for driving woodpeckers from newly constructed nest holes.
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Seasonal abundance of Most Common Birds-With Postulated
Relation to rtan.
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result of particular developmental activities and possible
remedial actions. Suffice it to say here that at least 10% of
the species in the area tend to associate with man and have
gained a net benefit from the association.
A second source of abundance data is breeding bird censuses
made by volunteers for the Bureau of Sport Fisheries and Wildlife. These counts give an indication of the breeding bird
populations in the United States and Canada. For the southeastern states, the ten most common species, in order of
decreasing abundance, are: Common Grackle, Cardinal, Bobwhite,
Mockingbird, Red-winged Blackbird, House Sparrow, Blue Jay,
Rufous-sided Towhee, Mourning Dove, and Eastern Meadowlark
(Van Velzen and Robbins 1971). For Florida, the order was
Mockingbird, Cardinal, Meadowlark, Cattle Egret, Red-winged
Blackbird, Rufous-sided Towhee, Bobwhite, Blue Jay, Common Crow,
and Common Grackle. These data may be somewhat suspect because
they represent only roadside counts (visual or auditory observations) made in the early forenoon. Thus, many secretive,
crepuscular, or less vocal woodland species may have been undercounted or missed altogether. The Red-eyed Vireo has long been
considered the most abundant breeding bird in woodlands of the
United States, but it was not among the 10 most common species
as determined by the survey.
Further abundance data occur in the Christmas Bird Counts
(CBC's) made by the Audubon Society. The 10 most common birds
found during CBC's made in the coastal counties of the fourstate area are listed in Tables 7.3 and 7.4. Although 13 CBC's
were examined in 1972-1973, only 11 were suitable for comparison
in 1974 for the coastal counties of the four states. Although
winter temperatures were milder in 1973-1974, 8 species were
among the 10 for the total area in both years. While a count of
6,190 was needed to place 10th in 1973, 15 species had numbers
higher than that in 1974. Perching birds were responsible for
the only major position changes; the Tree Swallow moved from
8th place to first by virtue of over an 11-fold increase and the
Yellow-rumped Warbler decreased by 3½ times. Both of these
changes may be attributed to a mild winter, the swallow not
movir:1 below the area, and the warbler staying further north.
Last year the high count for the Tree Swallow was 15,000 at
Sanibel, this year i t was 80,000 at Merritt Island; ten times
higher than the year before.
The water birds included seemed to fare well:
the Dunlin
doubled its numbers; the Ring-billed Gull increased 55%; the
Fish Crow 40% and the Boat-tailed Grackle 49%. The latter two
border on being pest species due to their egg-eating tendencies,
but perhaps more sinister is the entrance of the Starling to this
coastal list and a 500% increase in the Common Grackle.
561

Table 7.3.
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Most common winter birds (10 area). Based on Christmas bird counts for
the coastal counties of the four states, 1972-1973.
North
Carolina
Total
Count Rank

6,000
Snow Goose
Pintail
3,920
Green-winged
3,100
Teal
Wigeon
340
Wood Duck
80
Lesser Scaup
90
Red-breasted
Merganser
3,450
1,200
American Coot
Dunlin
3 , 58 0
14,200
Herring Gull
Ring-billed
Gull
12,380
Black Skimmer
170
Mourning Dove
300
165
Tree Swallow
Blue Jay
200
Fish Crow
530
Robin
5,600
Yellow-rumped
8,500
Warbler
Red-winged
3,240
Blackbird
Boat-tailed
800
Grackle
Common Grackle
70
Dark-eyed Junco
320

4
6

South
Carolina
Geor~ia
Total
Total
Count Rank Count Rank
30

10

210
1040
70
1090
8
7
1
2

30
820
1210
580

7
5
9
3

Florida
Total
Count Rank

Total Area
Tota!
eoant Rank

10

1
2,400

6,000
6,360

5
215
355
100

640
3,130
10
65,770

3,955
4,725
515
67,050

4

55
250
500
890

256
84,120
900
3,880

3,790
86,390
6,190
19,550

1
10
6

9
5
1
3
10

4

2250
1090
445
125
640
205
605

2
1
10

5

765
3
775
15
1385
380
1100

3

1000

8

2145

2

63 ,100

4

74,745

2

9

3660

1

870

6

5 ,910

7

13,680

7

1060
985
770

6
8
10

910
290
10

4

2,140
1,480
4

2

6
9

8

8,770
4,150
530
11,455
835
5,500
63,575

7

8

8
3

24,165
5,415
2,050
11,760
3 , 065
6,615
70,875

5

4,910
2,825
1,100

5

9
3

·rable 7. 4 .

Number of individuals/Observer based on Christmas bird count data, 1963, 1968,
19 73, from 13 coastal localities in four states, and for all counts combined
(t:trace, less than 0.5 individuals)
Date

Comnon Loon

V:

(3\

l.-.~

1973
1968
1963
1973
Horned Grebe
1968
1963
Pied-billed Grebe 1973
1968
1963
1973
Brown Pelican
1968
1963
Double-Crested
1973
Cormorant
1968
1963
1973
Gannet
1968
1963
Anhinga
1973
1968
1963
Common Egret
1973
1968
1963
Snowy Egret
1973
1968
1963
1973
Cattle Egret
1968
1963

North
Carolina
No.

I/obs.

J21
67
21
18;{
163
15
188
163
21
30
0
14
2129
250
26
1059
235
82

4.8
1.3
2.3
2.7
3.3
1.7
2.8
3.8
0,7
0 .4
0.0
1.6
32.0
5.0
3.0
16.0
6.7
9.0

2
0
118
41
13
91
6
17
5
0
0

0.0
1.8
0.8
1.7
1.4
0.1
1.9
0.1
0.0
0.0

l

t
t

South
Carolina
No.

41
64
78
68

lIT
218
70
43
52
67
120
28
268
116
63

l

t/obs.
0.4
1.0
1. 3
0.7
1.8
2.6
0.8
0.8
0.9
1. 4
1.11
0.5
3.0
1.7
1.0

t

0

o.o

11
7

0.1
0.1

126
50
41
92
27
38
0
0
0

1.4
0.7
0.7
1.0
0.4
0.6
0.0
0.0
0.0

l
l

t

t

Georg:ia
No.

2
2

l

91

4
16
39
14
0
182
86
5
317
420
357
31

l

4
7
0
0
557
36
70
82
32
103
13
0
0

Uobs.
t
0.2

t

1.5
0.3
1.8
0.7
1.2

o.o

3.0
7.2
0.6
5.3
35.0
40.0
0.6
0.1
0.4
0.1
0.0
0.0
9.3
3.0
8.0
1. 3
2.6
11.0
0.2
0.0
0.0

Florida
No.
80
22
46

926

73"0"

116
1079
210
167
1216
··210
1016
3171
2950
1112
1345
46
39
240
30
44
1155
615
578
918
380
273
645
426
34§

16obs.
.5
0.2
0 . 41
5.6
1.8
1.1
6.5
1.3
1.6
7.3
1.6
9.9
19 .0
23.0
11 . 0
9.5
0.4
0.4
1.4
0.2
0.4
7.0
4. 8
5.6
5.5
3.0
2.6
3.8
3.9
4 .3

Total
444
155
146
1269
514
365
·1376
430
240
1495
416
1063
5885
3736
1558
2436
282
126
259
39
45
1956
742
702
1183
445
431
663
42 6
346

ILob!,.
2.1
0.6
0.7

3.4

2.0
1.8
3.6
1. 7
1.2
4.0
1.6
5.2
15.6
14.7
7.7
7.9
1.3
0.6
0.7
0.2
0.2
5.1
2.9
3.5
3.1
1. 7
2.1
1. 7
1.9
2.3

Table 7 .4

.

(Continued)
Date

Great Blue Heron

v•

0

1973
1968
1963
Little Blue Heron 1973
1968
1963
White Ibis
1973
1968
1963
Wood Duck
1973
1968
1963
Ring-necked Duck 1973
1968
1963
Lesser Scaup
1973
1968
1963
Red-breasted
1973
Merganser
1968
1963
1973
Marsh Hawk
1968
1963
Clapper Rail
1973
1968
1963
Coot
1973
1968
1963

North
Carolina
No,
204
50
10
18
2
5
141
5
0
82
4
62
193
285
944
92

540
750
3450
2635
15
44
30
1
55
15
16
1200
1710
270

t/obs .
3.0
1.0
0.3
0.3
t
0.2
2.1
0.1

o.o

1.2
0.1
2.0
2.8
5.7
42.9
1.3
10.8
24.2
51.5
52.7
0.5
0.7
0.6
t
0.8
0.3
0.7
16.0
34.2
8.3

South
Carolina
No.
117
90
59
51
33
28
38
6
35
70
33
101
149
81
45
1093
3350
105
31
80
90
24
17
40
140
55
58
820
1180
92

Geor2ia

No.· I/obs.
I/obs.
1.4
183
3.0
1.4
29
2.4
1.0
40
4.4
0.6
169
2.8
0.5
10
0.8
0.5
30
3.J
0.4
216
2.6
0.1
0
0.0
0.6
0
o.o
0.8
354
22.1
0.5
2
0.2
1.6
10
0.6
7
1.6
0.1
1.2
8
0.7
0.8
7
0.7
12.0
97
1.8
50.8
577
48.1
1.8
1025 113.9
0.3
55
1.0
1.2
45
3.8
1.5
170
18.9
0.3
11
0.2
0.3
2
0.2
0.7
6
0.7
1.5
90
1.5
0.8
27
2.3
1.0
53
3.6
9.0
250
4.0
18.0
12
1.0
1.5
128
14.2

Florida

Total

No. I/obs.
615
3.7
1119
350
2.8
519
273
2.7
382
4.8
802
1040
375
3.0
420
329
3.2
392
2981
18.0
3376
4.1
452
463
2508
31.7
2543
3
t
509
6
t
45
0.1
6
179
2241
13.5
2590
293
2.3
667
66
1.3
1062
65771 396.0 67053
14500 114 .2 18967
22080 214.2 23960
256
1.5
3792
316
2.5
3076
275
2.7
550
137
0.8
216
82
0.6
131
60
0.6
107
800
4.8
1085
3.9
500
597
112
2.1
H9
84120 507.0 86390
8180
64.4 11082
5430
52.3 . 5920

I/obs.
3.0
2.0

l-2

2.4
1.6
1.9
8.8
4.1
14.9
1.8
0.2
0.9
6.9
2.6
7.5
177. 9
74.4
118. 0
10.0
12 .1
2.7

0.5
0,!2
2.9
2/3
1.5
229.2
43.5
29.2

Table 7. 4 • (C,.mtinued)
Date
American Oystercatcher
Black-bellied
Plover
Piping Plover

•:,

Willet

<.'j',
IJ-

Ruddy Turnstone
DWllin
Sanderling
Semipalmated
Sandpiper
Ring-billed Gull
Laughing Gull

Nort
Carolina

No.
1973
156
1968
65
1963
8
1973
740
1968
190
1963
47
1973
57
1968
19
1963
75
1973
205
1968
23
1963
16
1973
50
1968
12
1963
0
1973 3580
1968 1300
1963
250
1973
930
1968
305
1963
21
1973
710
1968
425
1963
4
1973 12380
1968 3100
1963
245
1973
110
1968
40
1963
3

I/obs.
6.0
1. 3
0.3
10.0
3.8
1.5
0.8
0.4
2.4
2.8
0.5
1.8
1.5
0.2

o.o

49.0
26.0
28 .0
13.0
6.1
2. 3
10.0
8.5
0.1
170.0
62.0
7.9
1.5
0.8
0.1

South
Carolina
No.
277
654
470
100
420
200
44
4
120
147
26
80
199
95
83
1211
660
577
500
123
246
130
423
104
764
845
643
48
35
5

#/obs.
3.0
10.0
7.8
1.0
6.4
3.3
0.5
0.1
2.0
1.6
0.4
1.3
1.2
1.4
1.4
13.0
10.0
9.6
5.5
1. 9
10 . 7
1.4
6.4
1.7

8.3

12.8
10.7
0.5
0.5
0.1

Georsi:ia
No.
160
33
52
350
107
66
127
3
20
160
39
41
112
31
44
506
367
835
315
88
120
100
20
27
2250
160
0
30
21
0

#/obs.
3.0
0.6
5.8
6.0
8.9
7.3
2.5
0.3
2.2
3.0
3.3
4.6
2.2
2.6
4.9
10.0
30.6
92.8
6.0
7.3
13 . 3
2.0
1. 66
3.0
43.3
13. 3

G.O

0.6
1.8
0.0

Florida

Total

No. I/obs.
16
0.1
609
25
0.2
777
7
537
0.1
712
4.4
1902
335
2.6
1052
1178
365
3.5
23
0.2
251
60
0.5
86
405
190
1.8
687
175,..1.0
57 ·
0.4
145
50
0.5
187
574
3.5
935
84 7
6.7
985
5.3
677
550
905
5.5
6202
1390
10.9
3717
2090
20.3
3752
1255
7.5
3000
11. 8
2016
1500
134Q
953
9.3
1804
864
5.2
4.6
1448
580
1135
1000
9.7
8770
53.0 24164
98.4 16605
12500
10420 101.2 11308
1770
11.0
1958
630
5.0
726
3400
33.0
3408

I/obs.
1.6
3.0
2.6
5.0
4.1
3.3
0.7
0.3
2.0
1.8
0.6
0.9
2.5
3.9
3.3
16.5
14.6
18.5
8.0
7.9
6.6
4.8

5.1

5.6
64.1
65.1
55.7
5.2
2.8
16.8

Table 7.4. (Continued)
Date
Royal Tern
Forster's Tern
Black Skimmer

(JI

C\

m

Belted
Kingfisher
Fish Crow
Long-billed
Marsh Wren
Short-billed
Marsh Wren
Boat-tail led
Grackle

1973
1968
1963
1973
1968
1963
1973
1968
1963
1973
1968
1963
1973
1968
1963
1973
1968
1963
1973
1968
1963
1973
1968
1963

North
Carolina
No.

210
67
3
1500
590
7
170
3
6
70
42
23
530
205
560
42
62
3
110
28
11
800
320
55

I/obs.

3.0
1.3
0.1
21.0
11. 8
0.2
2.5
0.1
0.2
1.0
0.8
0.7
7.3
4.1
18.1
0.6
1.7
0.1
1.5
0.6
0.4
11.0
6.4
1.8

south
Carolina
No.

9
8
0
115
91
32
3
80
24
115
90
64
380
1520
625
1
7
6
7
10
8
1060
240
1270

1/oibs.
0.1
0.1

o.o

1. 3
1.4
0. 5

t

1. 2
0.4
1.2
1.3
1.1
4.2
23.0
10.4

t

0.1
0.1
0. 1
0.1
0.1
12.0
4.5
21.2

Georgia
No.

165
66
29
227
65
15
1093
138
250
77

65
15
205
77
14
9
7
28
17
25
1
91:0
1170
1040

I/obs.

3.2
5.5
3.2
4 .0
5. 4
1.7
18 . 2
11.5
27.8
1. 3
5.4
1.7
4.0
6.4
1.6
0.5
0.6
3.1
0.4
2.1
0. 1
15.0
97.5
115 . 6

Florida
No.

2064
1250
785
580
1215
205
2756
4507
1220
400
2 30
220
5500
4690
4100
66
29
44
29
30
8
2140
1120
810

I/obs.

12.0
9.8
7.6
3. 5
9.6
2.• 0
16.6
35.5
11.8
2.4
1.8
2.1
33.0
36.9
39 . 8
0.4
0.3
0. 5
0.2
0.2
0.1
13.0
8.8
7.9

Total

I/obs.

2448'
1391
817
2422
1961
259
4022
4728
1500
662
427
322
6615
6492
5299
118
105
81
163
93
28
4910

6.5
5.5
4.0
6.4
7.7
1.3
10.4
18.5
7.4
1.8
1.7
1.6
17.5
25.5
26.1
0.3
0.5
0.5
0.4
0.4
0.1

7850

3175

13.0

11.2
15.6

Obviously our most abundant breeding bird has not increased that
much , but it could indicate intraspecific population pressure.
In each year only 5 upland species were included and only 2 of
these, the Robin and the Yellow-rumped Warbler were in the top 10
for all 4 states in both years. The winter lists indicate great
concentrations of birds in some areas. The fact that Florida is
responsible for most of the high totals and North Carolina for
2-4 indicates the presence of excellent habitats as well as
better coverage in those states. This is further emphasized by
Florida having over 50% of the total of 10 species and North
Carolina over 50% for 6 species; leaving only the Ring-billed
Gull, Mourning Dove, and Fish Crow somewhat evenly distributed
among the four states.
A comparison of 1952 and 1974 data shows some differences,
certainly somewhat due to the count sites (Wilmington, North
Carolina; Charleston, South Carolina; Jacksonville and Daytona
Beach, Florida). For 1952 the percent abundances of the top
10 species were: Ring-billed Gull 26, Herring Gull 21, Black
Skimmer 16, Red-winged Blackbird 11, Yel1ow-rumped Warbler 6,
Fish Crow 5, American Coot 4, White-throated Sparrow and Robin
(tied) 3, Double-crested Cormorant 2, and Eastern Meadowlark 2.
For the last 2 years, two species have accounted for over 48%
or more of the numbers of the top 10 species, the Lesser Scaup
and the American Coot in 1972-1973 and the Tree Swallow and
American Coot in 1973-1974, although the coot and scaup have
markedly declined in numbers.
Several previous data inventories have used number of
birds per 10 party hours to express relative abundance during
CBC's. Experience gained during participation in several of
the counts and an analysis of the variation in the number of
observers per party in various counts has led me to believe
that -this format is misleading, and that a better expression
of the data is provided by the number of birds per observer.
In my experience, members of parties tend to spread out over
an area and act as individual counters rather than a group.
Thus large parties tend to count more birds than do small
parties in a given time interval. Therefore, I have elected to
present CBC's as number of birds per observer.
CBC data for each species selected for intensive review
in the life history summary section (Section 7.6) were compiled
by state for the period 1963 through 1973. In addition, the
four-state total was calculated based on 13 coastal observation
sites. Counts per observer were plotted against years by state
and four-state totals. Only the latter figures are reproduced
here (Fig . 7. 1- 7 . 9) .
'I'he usefulness of these data may be questioned because
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Population fluctuations of six fish-eating diving
birds in the coastal counties between Capes
Hatteras and Canaveral (based on CBC data).
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Population fluctuations of one diving bird and
five wading birds in the coastal counties between
Capes Hatteras and Canaveral (based on CBC data).
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Population f l uctuations of three maritime ducks and
two birds of prey in coastal counties between Capes
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Population fluctuations of two coastal birds of
prey , two rails , and two shorebirds in coastal
counties between Capes Hatteras and Canaveral
(based on CBC data).
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counts were not made at all sites during the period, and the
count at one site (Lake Mattamuskeet), which has large numbers
of waterfowls, was discontinued during the period. Problems
also arise from the variability in effort made on counts at a
given site from year to year. New counts have been added at
Beaufort, North Carolina, Pawley's Island, South Carolina,
Glynn County, Georgia, and Flagler Beach, Florida, providing
more even coverage of the area. However, with the exception of
the Glynn County site, too few observers were active to
adequately sample these new sites. Despite these short-comings,
the data do seem to show trends in populations within the study
area.
Fourteen of the 68 species in the summaries were too rare,
or absent in winter CBC counts, ~o that meaningful abundance
data are unavailable. Obviously data for the remaining 54
species are not equally accurate for various reasons:
1)
species are not equally visible to observers, 2) weather
conditions alter counts (e.g.·Gannets are seen in large numbers
only when strong onshore winds occur), . 3) birds are not equally
mobile; many remain hidden in dense cover or remote swamps and
hence interspecies comparisons cannot be made, and 4) observers
differ in their abilities to make accurate estimates of the more
abundant species.
In general, the long-established counts
provide the most reliable information.
Of the 54 species for which sufficient data were available
to justify analysis, it appears that 25 have enjoyed relatively
stable populations over the last 11 years. Eight are decreasing
(4 slowly and 4 quite rapidly), and 21 appear to be increasing
(15 slowly and 6 more rapidly). Unfortunately, some of those
increasing most rapidly may impinge on species which are decreasing. Obviously, species extending their ranges or populations must eventually reach an asymptote. Decreasing species
can become extinct.
Most endangered birds are water-oriented species. These
birds evolved eons before the warblers and seed-eaters and lack
the adaptability of the perching birds. Waterbirds have been,
in general, among those most utilized by man. They were usually
~dible or provided pretty feathers and their size, relative
slowness, flocking, and ease of decoying made trem prime targets
for hunters.
In this group are waterfowl, shorebirds, and
waders. Aside from the Labrador Duck (which slipped away a
century ago), the Great Auk, and the Eskimo Curlew, our other
waterbirds have survived, several by narrow margins.
Waterbirds feeding on animals require special preparation
in cooking to make them edible. Thus they are less desirable
as game. Conversely, those which primarily eat fish have
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often been unjustly accused of eating sport fish. Thus, due
to low food value or categorization as pests, grebes, pelicans,
cormorants, and mergansers have received little protection until
recently. Although the Double-crested Cormorant appears to
have increased in winter, particularly in North Carolina, it has
ceased to breed there (Teulings, personal communication) and
thus no longer nests anywhere between Maine and Florida. The
Anhinga has probably increased, although Teulings reports that
it is rare in North Carolina, with less than a dozen breeding
pairs found exclusively in Brunswick County. Since the eyecatching Brown Pelican is the only species in this group which
is on the endangered list, it is gratifying to note the stability of the Atlantic coast population. Mergansers, although still
down 8.6% from the 10-year average in the Atlantic flyway, are
up 34% from 1973 (Ferguson and Smith 1974). The only saltwater
merganser, the Red-breasted, is erratic in its wintering habits,
but seems to be steadily increasing, especially in North Carolina,
where large numbers occurred in the last 2 years.
With few exceptions, waders have continued to increase
All retreat southward in winter, the
Cattle Egret and Green Heron so far that winter counts are
scarcely diagnostic. However, breeding data show that the
Glossy Ibis and Cattle Egret are the species which have increased
most. The night herons have remained stable and the Wood Stork,
although seemingly increasing in the study area, is more likely
decreasing (Ogden 1971). The White Ibis is very erratic and
possibly decreasing, even though it has recently extended its
nesting range to Morehead City, North Carolina (Teulings,
personal communication) and is 2.6 times more abundant than
any other wader in winter.
in the last decade.

Waterfowl in general and ducks in particular have not
fared as well as the nonhunted species (Ferguson and Smith
1974). However, geese, except the Brant, are well above the
10-year average, the Greater Snow Goose (not hunted) by 76%.
The Canada Goose, which comprised 81% of all Atlantic flyway
geese, was up 19%. Of the ducks included in summaries, the
Pintail was down 48% from the 10-year average, the Ringnecked Duck 37%, scaups 37%, Green-winged Teal 24%, and
Canvasback 15% while the Redhead showed a gratifying 3% increase, 11% over 1973. Placing the Redhead on the protected
list may have helped it and the Canvasback, which increased
3% uhove 1973. The Fish and Wildlife Service expresses little
concern over scoters (sea coots) since they are little hunted
and nest outside the United States. The combined species are
down 67% from the 10-year average. The Common Scoter has
perhaps decreased more than any other bird in the study area.
The 11-year CBC average was 8.7/observer, exceeding all counts
in the last 7 years. The count in 1973 was only .BS/observer.
578

The Wood Duck, which is only included under "miscellaneous" in
Fish and Wildlife censuses, may have increased in the last 3
years over quite low numbers in 1965 and 1970 in the study area.
The Ring-necked Duck prefers freshwater and is difficult to
census when scattered over hundreds of Florida lakes. CBC data
indicate a 1973 population of Ring-necked Ducks in Florida 45
times that of 1970. However, Fish and Wildlife Service data
indicate it was down 37% from the 10-year average in 1974. The
Lesser Scaup, with an average of 251 birds/observer was 10 times
more abundant than the second-place Pintail over 11 years for
the 4 states. Florida must harbor the bulk of Lesser Scaups in
winter, with an average of 481/observer for 4 counts, perhaps
more than all other ducks combined.
CBC data for birds of prey indicate a stable population
for the Marsh Hawk. Our national bird is very low but increasing, although it has ceased to breed in North Carolina
(Teulings, personal communication). The Osprey population
doubled on CBC's in the last 2 years and the Peregrine Falcon
was at least seen during the last 3 y~ars but not in 1968 and
1970. Since the Osprey usually leaves the United States in the
winter, CBC data are poor criteria for its welfare. However,
it is known to be at least stable in the Carolinas (Teulings,
personal communication).
An apparent increase in the Clapper Rail seems to be
due to better coverage of the marshes, especially at
Jacksonville, Florida. The Coot was the most abundant of all
species in Florida in 1973; however, the l974 Fish and Wildlife
Service data indicate a 48% decline in the January 1974 census
over 1973. It will be interesting to compare the CBC data for
1974. The American Oystercatcher has either decreased tremendously in the last 2 years, or has wintered outside the count
sites. The number of Oystercatchers in South Carolina has
usually far exceeded that in the other three states, except
in 1969 when Charleston failed to report, a dramatic indication
of the importance of certain sites. Perhaps no group of waterbirds is more stable than the shorebirds. Even such hardpressed species as the Snowy and Wilson's Plovers appear stable,
although their populations are low. The Black-bellied Plover
has been stable for 7 years at a lower level than in the midsixties.
The count for Herring Gulls indicates a possible 2-to
3-fold increase in numbers wintering in the area within the
last decade. Virtually all of this increase was due to much
greater numbers in North Carolina. The Great Black-backed
Gull population, which is less than a tenth that of the
Herring Gull in the study area, has nevertheless increased
at a greater rate. The increase is mainly in North Carolina,
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but is also substantial in Florida. The Ring-billed Gull population is stable but the Laughing Gull, which winters in large
numbers, may be decreasing, though only in Florida.
The Black Skimmer could be slightly decreasing and the
Royal Tern is possibly increasing. Forster's Tern shows a
definite increase. Its breeding in North Carolina should enhance its numbers further. The Least and Gull-billed Terns
winter mainly in Latin America but have obviously decreased in
breeding numbers.
The Belted Kingfisher is exceptionally stable. The Fish
Crow seems to be slowly declining, especially in the Carolinas.
Due to its predation on water bird eggs, this may be fortunate.
The Long-billed and Short-billed Marsh Wrens and the Boat-tailed
Grackle exemplify stability.
In summation it appears that species which have large
broods show the greatest fluctations. These include the waterfowl and rails, most of which are hunted.
The most abundant birds in the coastal Refuges in each
state during the summer are listed in Table 7.4. Only 7 of
these species are among the 22 abundant winter birds of 13
CBC's taken in 1972-1973 (Table 7.3). Eight of the abundant
summer birds are terrestrial species. This reflects migration
of many birds away from the refuges to summer habitats elsewhere.
There are 132 species known to breed within t he area
along the coast. About half of these are common to abundant.
However, only 47 of t he permane n t reside n ts ( 58 %) a nd 19 of
the summer residents ( 37%) are common breeders. Most of the
rare to uncommon species are associated with wetlands . Of
the 106 winter residents, only 46 are common to abunda n t; 76
non-wintering migrants. occur seasonally ot which only 6 are
abundant.
7.3.

General Commentaries on Bird Groups

While the descriptions for each avian group are often
identical tc those used for taxonomic groups, in this case they
are used in ~n ecological sense. Thus owls are discussed
under Birds of Prey, though taxonomically unrelated. This
usage is employed to avoid redundancy.

58 0

7.3.1. Diving Birds
This group includes the loons, grebes, pelicans, cormorants, and anhingas. The Brown Pelican is easily the most
important of these because it: 1) is the one bird which most
attracts tourists, 2) is an endangered species west of Florida,
3) often nests in large colonies, and 4) has the largest impact
of any bird on man's fishing endeavors.
It rarely occurs north
of a small summer breeding colony at Ocracoke, North Carolina,
and retreats to Florida or Cuba in winter. The Double-crested
Cormorant once had a thriving colony in Craven County, North
Carolina, the only one between Maine and Florida. However,
there were only 9 nests there in 1956 and i t no longer breeds
there (Teulings, personal communication). Both species feed in
the bays and inshore ocean.
The Anhinga, often called water turkey or snake bird, is
a subtropical species which retreats southward in winter.
It
inhabits swamp-bordered lakes and rivers and eventually may be
largely confined to presQrves. The Pied-billed Grebe, a basically freshwater species, occasionally nests in all four states.
Its populations may increase as more impoundments and borrow
pits are made; :1owcver, its nesting success in the area has
recently been poor.
The remaining divers are winter visitors. Two loons,
the Common and Red-throated, are numerous in winter, the. latter
being uncommon to rare south of North Carolina. The Redthroated Loon seldom occurs away from the ocean except on large
bays. The Common Loon occurs at Cape Canaveral, but rarely
south of there. The Horned Grebe prefers medium to oceanic
salinities during winter and seldom mingles with its largely
freshwater cousin, the Pied-billed Grebe.
7.3.2. Pelagic Birds
The general order of abundance of pelagic birds along
the Southeast Coast is as follows:
petrels, shearwaters,
gannets, phalaropes, jaegers, and terns. These are species
which migrate through the area annually. Stragglers from the
north include the Skua, alcids, and northern gulls. From the
south come terns, boobies, tropicbirds, and frigatebirds.
All these species are especially vulnerable to damage from oil
spills and other results of man's activities at sea.
Two groups of migratory pelagic birds are identifiable,
based on definite patterns of movement. The first group exhibits
a southward movement in fall and returns the next spring. The
most often seen bird in this group is the Gannet, which winters
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north to Massachusetts, but is often seen in greatest numbers in
the Carolinas, less often in Florida. Juveniles move furthest
south. Gannets usually stay well offshore, except when strong
"nor'easters" occur.
Two shorebirds, the Northern and Red Phalaropes, also
exhibit this migratory pattern. However, they move south
earlier, continuing into the tropics, and return from April to
June inclusive. They also tend to stray offshore. Phalaropes
seem to prefer feeding in slicks, perhaps because plankters are
concentrated there. Red Phalaropes appear off North Carolina
in mid-August and peaked to 500 per day off Cape Canaver'a l,
September 5, 1971 (Robertson 1972). Northern Phalaropes
appear about a month later; off North Carolina, September 4October 8 (45) and off Florida, October 9-29. Although the
Northern Phalarope is said in general to be . the more abundant
of the two, it occurs in smaller concentratims off the U. S.
east coast.
This group also includes the skuas: ·three species of
jaegers and the large Skua. The largest movement of these
pelagic birds on this coast was reported by Buckley (1973). He
recorded 47 jaegers during 7 hours of counting on 30 May to 1
June 1972. These included 11 Pomarine, 26 Parasitic, and 10
Long-tailed Jaegers; 2 Skuas were also seen.
The Sooty Shearwater usually migrates somewhat earlier
than the other shearwaters. On a trip off Virginia, 24 May
1974, this was the only shearwater encountered. Shearwaters,
especially the Greater, have occasionally suffered mass die-offs
in the last decade. In Britain, die-offs have been attributed
to PCB's. Shearwater die-offs along Virginia, North Carolina,
and Georgia were evidently not studied. Nevertheless, shearwaters are perhaps the most abundant pelagic birds.
The second group of migratory pelagic birds is more
truly oceanic in that ~ost of the group breed on islands in the
South Atlantic and mjgrate in a great circle around the North
Atlantic annually. Most notable of these, because of its widespreaj dispersal, is the Wilson's Storm Petrel, whose numbers
typically exceed those of all other pelagic species combined for
most of May to September off the u. s. east coast. This "sea
swallow" nests on islands of the J'ntarctic Ocean and even in
Anta~~tica. It moves up our coast during March through August,
crosses th~ ocean on the ~orth Atlantic Drift, turns south
along Europe, reaches the ~quator by mid-October and its breeding
grounds about mid-November.
Wilson's Storm Petrel is the best known pelagic bird, but
its concentrations are exceeded by those of migrating shearwaters.
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Such large flocks pass Cape Hatteras that in 6 hours of observation (during two evenings) Buckley (1973) estimated 10,000
shearwaters, half being Cory's, one-fourth Greater, and onefourth Sooty. In addition, , 2 Manx Shearwaters were seen, a
first record for the coast south of Long Island. The latter
species nests mainly in the eastern Atlantic, but recently nested
off Massachusetts. The shearwaters seen in the study area
mostly nest in the South Atlantic. Four species of terns occur
offshore, the Arctic being the most frequent. The Bridled,
Sooty, and Noddy Terns are tropical and occasionally straggle
north over the Gulf Stream.

7.3.3. Waterfowl (Swans, Geese and Ducks)
Waterfowl spend a considerable portion of their life
swimming on various water bodies on which they depend for much
of their food supply. This group includes the swans, geese,
and ducks. Swans prefer fresh or oligohaline water but geese
accept fresh and saltwater, although usually most abundant in
freshwater.
The Whistling Swan winters in large numbers south to
Currituck Sound and Lake Mattamuskeet. Destruction of aquatic
vegetation in Chesapeake Bay, and elsewhere, has forced many
swans to feed in fields of winter wheat. The effect of this on
the harvest is in doubt.
It appears that this swan has reached
a population size which will be difficult to maintain in the
future because of habitat loss. In addition, it seems likely
that the introduced, and now rapidly spreading, Mute Swan may
impinge on the niche of the native Whistling Swan within the
next decade. The Whistling Swan, which is still used for food
by Eskimos in the Arctic is protected against hunting in the
United States because of a generally sentimental attitude and
the activity of an organization dedicated to studying this swan.
The Canada Goose has increased its breeding range
considerably since World War II, mainly through the agency of
man. Reported by Peterson (1934) as breeding south to South
Dakota, the Great Lakes and possibly New England, it now breeds
soutl1 to St. Marks, Florida. Since geese mate for life and
return to the area in which they were reared, breeding captive
birds and allowing the young to fly free have established new
breeding populations in numerous places. Most remarkable was
the rediscovery of breeding populations of the subspecies known
dS t he Giant Canada Goose.
The development of wildlife refuges,
the ability to feed on agricultural products, and the general
sagacity of this bird have allowed it to maintain a stable population while most ducks have been decreasing despite similarities
in life history. The Greater Snow Goose, a subspecies of the
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Snow Goose, winters on a rather small section of the Atlantic
coast, mainly between Maryland and Cape Hatteras, North Carolina.
Several thousand winter at Bodie-Pea Island NWRo This goose
feeds mainly on the roots of saltmarsh cordgrass and may decimate large marsh areas in its search for food. The Greater
Snow Goose has been increasing as a result of protection from
hunting and perhaps reduced predation in the north. It may be
necessary to permit hunting of this species, at least temporarily, unless the Indians in the J ames and Hudson Bay areas of
Canada eat more of these geese in the immediate future than
they have in the past.
Nearly all ducks known from the Atlantic coast occur
within the study area. The common species are div ided into
dabbling ducks, pochards, sea ducks, and stiff tails.
The dabblers include the primarily freshwater species
which feed in shallows by tipping headlong to reach the bottom
and sieve the ooze. The dabbling ducks are among the most
flavorsome, and consequently are avidly sought by hunters.
This group includes the Mallard (the second most abundant
dabbling duck on the Atlantic coast, the Black Duck (the duck
most abundant and sought after by hunters in the Middle Atlantic
and northeastern states), the Wigeon, Green-winged and Bluewinged Teals, Gadwall, Pintail, Shoveler, Wood Duck, and
Mottled Duck . Offshore activities have no effect on these
species.
The Black Duc k and Wood Duc k are the only dabbling ducks
which can be considered eastern species. The Black Duck readily
hybridizes with the Mallard, and the two are considered conspecific by s ome ornithologists . The number wintering in the
area dwindles rapidly to the south. High CBC ' s are always
obtained from Virginia north. In J anuary, 1974 its numbers
wer e t he lowes t in 20 years (Fe rgus on a nd Smith 1974) . The
winter d istribu tion of the Mallard, like the Black Duck , is
no t c enter ed in t he s outhe astern United States .
(However ,
of the mallards wi nteri ng in the southeastern Uni ted States
nearl y half have been reported from South Caroli na.
The Wood Duck inhabits freshwater swamps with creeks
and ponds. Long on the protected list, this beautiful duck has
been subjected to intense pressure from hunting and loss of
habitat for at least 40 years. However, the building of over
a million farm ponds and the provision of significant numbers
of nest boxes have helped this species meet the continued
detrimental pressures from man. In one instance, an a-acre
North Carolina farm pond provided with nest boxes produced
about 500 "woodies" in one year (Hardister 1966). The Wood
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Duck relishes acorn; and also the astringent seeds of arrow arum,
which no other animal seems to eat readily.
The Gadwall has been enticed to breed regularly in the
Bodie-Pea Island NWR and the Blue-winged Teal has probably
always bred in low numbers in the Carolinas. The Mottled Duck
(Florida subspecies) now breeds only in Florida, although it
once occurred along the entire Gulf Coast. It is a permanent
resident of the Merritt Island NWR; 450 being estimated there
in December 1974.
The Pintail, Wigeon, Green-winged Teal, and Shoveler
breed on the prairies of the western states and Canadian
provinces, utilizing an ever decreasing number of potholes as
nesting sites.
Ducks Unlimited, a private organization of
hunter/conservationists, has purchased large tracts of land,
principally in Canada, to provide breeding habitat for these
and other ducks. Obviously many other wetland birds are also
benefited. Some of these ducks formerly bred in western
Pennsylvania and now breed occasionally in New England.
The pochards include five common diving ducks with a
similar anatomy, behavior, and generally tidy appearance, but
vary a lot in other ways. The Canvasback, most acclaimed by the
wildfowl epicure, has been placed on the list for year-round
protection along with the Redhead. These two pochards have
decreased more rapidly than any other duck and as a result
much research has been devoted to the Canvasback. Both are
especially vulnerable to drainage practices and drought in the
Great Plains. The other pochards are the Greater and Lesser
Scaups and the Ring-necked Duck.
The Lesser Scaup has its
greatest winter concentrations in Florida, usually on the
Indian River, and possibly outnumbers all the other ducks combined in that state. It has a much larger breeding range than
the other pochards and seems to avoid heavy hunting pressure.
The Greater Scaup nests and winters further north and in Alaska,
which may account for its more stable population. Probably less
than 5% winter below Cape Hatteras. The Ring-necked Duck breeds
in the marsh-bog areas of the lake states, n~rthern Canadian
prairie, and eastern Canada below Hudson Bay. Since it also
winters on small bodies of fresh water it is subject to much
heavier hunting pressure than is the Lesser Scaup, which tends
to stay in open water (Hawkins 1964). The Ring-necked Duck
frequ~nts many Florida lakes in winter, often becoming quite
tame. The Canvasback and Redhead undergo a west-east migration
in fall to reach the Atlantic seaboard, where they winter from
New York to Florida. Since the latter two ducks feed mainly on
aquatic vegetation, their winter movements are highly dependent
on availability of pondweeds and underwater grasses. Highest
concentrations of Canvasbacks have occurred mostly north of lower
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Chesapeake Bay. High CBC's for the Redhead have usually been
in Texas, but have also occurred in New York and Virginia, and
more recently in Florida at Merritt Island (1965 and 1972) where
it feeds on sea grasses. Since these grasses do not occur from
southern North Carolina to Cape Canaveral, Florida (see Chap.
5, Coastal Vegetation), these two pochards are uncommon in
South Carolina and Georgia. The Redhead has probably decreased
more than any other North American duck in the last three decades,
possibly as much as 85-90%. However, both species have recently
increased somewhat (Ferguson and Smith, 1974).
The sea ducks include a variety of drab and colorful
divers. Except for the fish-eating mergansers, they have in
common a diet consisting mostly of animals, particularly shellfish and crustaceans. Nearly all nest in forested areas or in
the tundra of Canada. Only 6-7% of the Atlantic Flyway sea
ducks winter in the study area states.
The Bufflehead, Common Goldeneye, and Old-squaw are
largely confined in winter to saltier waters of coastal estuaries
and bays and the Great Lakes. All three reach Florida during
migration, the Old-squaw only rarely. The last two usually
have their highest CBC's on the Great Lakes. The three scoters
(Common, White-winged, and Surf) prefer shallow oceanic habitats
in winter. Of the three, the Common Scoter has the smallest
population overall, but is the most common species south of
Cape Hatteras; 4500 were at Cape Romain NWR in December, 1973.
Their chief food item is small mollusks. Scoters were down 67%
~~om the 10-year average in 1974. The colorful Harlequin Duck
and the eider ducks are rocky shore species and only rare
stragglers in the area. Sea ducks are possibly the most susceptible to oil spills (in winter, of course).
The Red-breasted, Common, and Hooded Merganser all
occur in the area. The first, which prefers salt water, far
outnumbers the other two. Its high CBC's have usually been on
the Great Lakes, or off New York and Maine. However, the 1973
high was at Bodie-Pea Island NWR, and three annual highs have
occurred in Florida (Coot Bay and Fort Myers) in 1960, 1969,
and 297] . The latter two mergansers are both tree-hole nesters
and thus threatened by cellulose demands in Canada and the Great
Lakes states. The Common Merganser occurs mainly on the Great
Lakes and western impoundments in winter, although 150 were
record~d at r.~pe Romain NWR, December, 1973. The beautiful
Hood~<l Mcrga~ser apparently nested in North Carolina in 1973 for
the first time. It is the rarest of the ducks which have large
ranges in North America.
The Ruddy Duck is a small waterfowl belonging to the
stiff-tails. It dives in shallow water, preferring oligohaline
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bays in winter. Considering that its nesting is largely confined to the prairie pothole region, its population has held
up remarkably well.
Its numbers are generally rather small
south of Virginia. Sprunt (1954) records small increases in
south Florida and Woo).fenden and Schreiber (1973) documented
further increases. Recent increases in nesting frequency east
of its normal range to Massachusetts and a 1973 nest at
Jacksonville, Florida indicate its adaptability. High CBC's
have been scattered from North Carolina to Pennsylvania,
Louisiana, and California.
The Fish and Wildlife Service (FWS) includes the pochards,
Ruddy Due~ Bufflehead, and Common Goldeneye under diving ducks.
In 1972, 50% of this group wintered in the four southeastern
Atlantic states vs. 47% in 1972 ... Species which predominantly
winter in the Southeast are the Redhead, Ring-necked Duck, and
Lesser Scaup. As a group, the FWS reports divers down 20% from
the 10-year average compared with 28% for dabbling ducks.
7.3.4. Wadin~ Birds (Herons, Bitterns and Ibises)
This group includes 15 species which commonly occur in
most of the area for part of the year. Their habitats include

freshwater areas and saltwater bays.

Fourteen breed in the area,

although the Wood Stork is now confined to Florida. The Yellowcrowned Night Heron and Least Bittern breed throughout the area
in small numbers and locally. The Wood Stork is not considered
an endangered species by the U. S. Fish and Wildlife Service
(USFWS 1973), but some Florida orr.ithologists believe it should
be. Droughts and development seem especially detrimental to
our native stork. The night herons, the Green Heron, and the
White Ibis also appear to be decreasing but the three egrets,
and the Great Blue Heron, ~ouisiana Heron, and Little Blue
Heron appear to be increasing slightly. The Glossy Ibis has
made a tremendous range extension northward and now breeds as
far north as Maine, whereas Peterson (1934) listed it as breeding
only in Peninsular Florida. Probably all other herons except
the Great Blue have made similar breeding range extensions. Most
notable is that of the Cattle Egret which, since its arrival
in Florida some 20 years ago, has extended its breeding range
into most eastern states and Ontario. When numbers/observer are
combined for 11 waders over 11 years in the study area, sharp
changes occur every year or two within a range of 1.4 to 3.7,
whir.h occurred in 1968 and 1969 respectively. This pattern is
visible in the graphs of most of the species. No attempt has
been made to relate it to climatic factors.
Waders, particularly the larger ones, are quite euryphagous.
In areas where they occupy large heronries, they
-58 7

must recycle considerable amounts of organic matter and associated nutrients from the water to swamps or land. Unlike groundnesting water birds, most waders can tolerate a considerable
amount of observation if visita~ions begin early in the season
and do not drive the parents from the nest. Heronries are therefore attractive to nature lovers. However, frequent disruption
may allow crows or grackles to steal the young. Heronries may
be on the ground, in shrubs or at heights up to 90 ft.
7.3.5. Shorebirds (except Phalaropes)
Shorebirds, 44 of which have occurred in the study area
at one time or another, constitute the chief attraction to
the coastal birder intent on compiling a big list. Most
frequent ocean beaches and bays, often preferring mud flats at
low tide. Shorebirds, except Phalaropes, are seldom coated
by oiled waters, simply moving to non-oiled beaches.
Of the 44 species, approximately 28 may be expected to
occur annually in one or more states within the study area.
Some 23 species usually occur annually in all four states.
Arctic nesting grounds are used by 20 species; at least 6
more utilize the taiga (spruce-fir belt); one, the Spotted
Sandpiper, ranges over most of the United States and Canada.
The Killdeer ranges over the entire United States and southwestern Canada. Only three species, the American Oystercatcher, Woodcock, and Wilson's Plover are confined to nesting
mainly in eastern United States.
Since the breeding grounds of all but the last three
species, plus four species nesting on the western plains, are
fairly safe from disruption, most shorebirds enjoy relatively
stable populations. The two species subject to hunting, the
American Woodcock and Wilson's Snipe, are probably more
affected by diminishing habitats than by shooting. Habitat
loss results from drainage projects and clearing of swamps
for agriculture. The all-time CBC high for the snipe was set
in 1939, suggesting that this species may be declining.
Snipes need marshy shores and sloughs and the Woodcock requires wet soil, chiefly floodplains and spring-fed, shady
spots where they probe for earthworms. The extensive ranges
of these tw, species allow them to withstand such occasional
natural disasters as prolonged freezes on the Gulf Coast. The
Woodcock is the most affected by freezes.
~hree species, the American Oystercatcher and the Piping
and Snowy Plovers, are on the Blue List (Arbib 1974). The
Oystercatch~r really does not seem to fit the criteria for this,
since 8,130 were estimated in the Charleston CBC of 1971.
588

Furthermore the species has been breeding in Massachusetts for
several years, after being absent for about a centur¼ indicating
a range extention. The Snowy Plover does not occur in the area,
except casually in -Florida.
It nests on the Gulf Coast and
western plains. The Piping Plover nests on dunes and higher
beaches north of Beaufort, North Carolina and is obviously
suffering from human encroachment in the form of all-ter1<1in
vehicles, development~ dogs, and disturbance. The Wilson's
Plover, with similar range and habitat requirements, seems to
more closely fit the criteria for the ominously long Blue List
than do some other species, since the highest CBC for this
species was in 1942.
All shorebirds were unprotected at the turn of the
century and populations of the·, larger species particularly were
reduced by hunting.
Prairie nesters such as the Whimbrel and
Long-billed Dowitcher can never be expected to regain their
former numbers.
However, some tundra nesters, e.g. the Dunlin
and Short-billed Dowitcher, are apparently increasing based on
recent high counts including CBC's. Most successful of all
shorebirds is the Killdeer, the one species which has chosen to
ally itself rather closely with man, particularly by nesting
on graveled roofs. The previous high CBC of 6,530 set in 1971
was broken in 1973 by a count of 8,620, a 23% increase. The
Killdeer is seldom seen along shores while breeding and only
minimally on coasts in winter. It may be the only shorebird
which often rears two brJods (Nickell 1943).
7.3.6. Cranes, Limpkins, Rails, Gallinules, and Coots
Of this group, two species, the Sandhill Crane and
the Limpkin, are considered to be somewhat threatened by one
organization or another. The Sandhill Crane breeds over a
very broad area from southern Michigan west to the Rockies
and north to the Arctic . As a species it is not threatened,
an estimated 89,800 having been observed at Muleshoe, Texas
in 1971. It is listed as endangered in the Red Data Book
(IUCN 1972) but not in the U. S. list (USFWS 1973). It is
rarely seen away from freshwater . The Mississippi Sandhill
Crane, a distinct subspecies with a much smaller population was
recently added to the U.S. list. This Mississippi subspecies
is apparently in much greater danger than the Florida race
.
which has a sizeable breeding population in Florida and Georgia.
The unusual Limpkin breeds only in Florida swamps, where its
eerie cry has often thrilled tourists.
It is not considered
endangered by the IUCN or the U. S. Fish and Wildlife Service,
but is included in the 1974 Blue List (Arbib 1973). It seems
to be surviving well in refuge areas.
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Six species of rails occur in the Southeast: the
King, Clapper, Virginia, Black, and Yellow Rails and the Sora.
Three regularly nest in the study area: the Clapper Rail in
salt marshes, the King Rail in freshwater marshes, and the
Black Rail in coastal high marsh and inland wet meadows. The
Clapper and King Rails are now considered to be conspecific
because they freely interbreed where fresh and salt water mix.
The Clapper Rail is the chief sound producer of salt marshes.
This dumb and ungainly bird is an easy mark for hunters who
hunt them on "rail tides" from shallow-draft skiffs. This rail
lays 6-14 eggs and thus is able to maintain a stable population.
Since few ducks nest in southeastern salt marshes, the Clapper
Rail egg production exceeds all other birds of that habitat.
Coastal development poses problems for the clapper since it, and
other rails, migrate at night, and are sometimes confused by
cities and highways, or perhaps just become exhausted. Bright
lights and reflecting macadam surfaces have also confused other
water birds.
Two other rails, the Sora and Virginia Rail, are hunted.
The latter has occasionally nested in northern North Carolina,
but the Sora, which nests in Maryland and northward is the more
abundant of the two during migration. Although the bag limit on
rails has usually been about 15, hunting them requires a proper
boat and a good retriever, and populations do not seem depressed.
Rails are notoriously weak fliers, but the Sora has
appeared in Bermuda several times and the bulk of the population
evidently crosses the Gulf of Mexico to winter in South America.
The Yellow Rail is difficult to find, but is sometimes caught
by dogs. One was caught in a barn in Greensboro, North Carolina
(Wray and Davis 1959).
Close relatives of the rails are the Gallinules and the
Coot, birds which swim well and walk readily on unstable surfaces. The Purple Gallinule nests north to Ontario but only
locally on the southeast coast because of a comparative lack of
large freshwater marshes. Present and future impoundments
should increase its population size. The Coot is among the most
~bundant wintering birds, often ranking second on the Cocoa,
Florida CBC. The Fish and Wildlife Service mi:-winter waterfowl
survey of the Atlantic Flyway (Ferguson and Smith 1974) showed
the Coot ccwn 53% from the 10-year average and 48% from 1973.
No reason fvr this decline is suggested. All members of this
group are heavily dependent on marsh habitat.
7.3.7. Gulls, Terns and Skimmers
GullE are primarily birds of cold waters, while terns
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prefer warmer climes. Gulls have probably always been present
along our southeastern coast, but the Laughing Gull was formerly
the only one breeding along this coast. Only within this decade
have two large predatory gulls of the north, the Herring and Great
Blacked-backed Gulls, begun nesting in North Carolina. The most
common gull in the area on a year-round basis has often been the
Ring-billed Gull, which does not nest in the east south of Ontario
and Maine. Bonaparte's Gull breeds throughout most of western
Canada and winters on all United States coasts and southward.
In Florida it occurs on most larger lakes during winter. The
several other gulls reported from the area are all stragglers
from the north.
Fourteen terns have been recorded from between the bounding
capes. Of these, the Least, Common, Roseate, Forster's, Sandwich, Gull-billed, Royal, and Caspian have recently nested on
sand spits, beaches and salt marshes in the area, mainly in North
Carolina and South Carolina. A pair of Sooty Terns apparently
nested in North Carolina in 1959 (Wray and Davis 1959) . Accenting the value of these sites is the fact that the two terns
on the Blue List, the Gull-billed and Least, are the only ones
nesting in abundance in the area. However, six breeding
colonies of Forster's Terns, containing at least 125 nests were
found in North Carolina between Hatteras and Ocracoke inlets
in 1973. This te~n, the only one to nest in salt marshes,
apparently bred in North Carolina for the first time in 1971.
Gull-billed Terns have nested in abundance only at Cape Romain
where storms have destroyed most of the nests in the last two
years.
Of the six terns which winter to any extent in eastern
United States, the Gull-billed Tern has probably declined the
most. The Least Tern population is almost as hard-pressed as
that of the Gull-billed Tern, apparently due to its inclination
to nest on beaches also used by people. The only tern wintering
abundantly north of Florida is Forster's which set an all-time
high CBC of approximately 3,000 at Back Bay, Virginia in 1970.
Highs for the Royal, Caspian and Sandwich Terns were set in
1969-1972 in peninsular Florida. Four terns occur over the
Gulf Stream and are mentioned under pelagic birds.
Recent breeding of the Forster•~ Common, Roseate,
and Caspian Terns on this coast for the first time, or after
long absences, results from their extensive use of spoil banks
and National Seashore beaches which can be protected from
disturbance by man.
One of the most unusual and eye-catching birds is the
Black Skimmer, which nests in tern colonies along all four
states. Its nests suffer from storms and wet weather, and
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some birds are killed by cars. This species may have decreased
by as much as 50% since 7,000 were observed at St. Augustine
in 1947. The 1974 CBC high was 1,790 at Jacksonville, Florida.
7.3.8. Birds of Prey
The three predatory species which formerly impacted
most heavily on coastal ecology are the Bald Eagle, Osprey, and
Peregrine Falcon, all of which hunt mainly oyer saline water,
in estuaries, and nearshore. The Bald Eagle and Peregrine
Falcon are now officially considered endangered and the Osprey
is still suffering reductions in range. At present, nesting
of the Bald Eagle within the southeastern states apparently
occurs only in South Carolina and Florida. Wray and Davis
(1959) knew of only six active eagle nests in North Carolina.
The last known nest was at Lake Mattamuskeet in 1972 (Teulings,
personal communication). Reduction of the Bald Eagle in
Florida seems due mainly to development which has destroyed most
tall longleaf pines formerly used as nest sites. It seems
unlikely that this would be the case in Georgia and the
Carolinas, although it is in southeastern Virginia.
The Osprey is faring much better in the southeast. There
are said to be about 200 nests in South Carolina and perhaps
that many in North Carolina. Osprey numbers in the Northeast
have been reduced by pesticides (Aines 1966), although not yet
to the same extent as Peregrine Falcon numbers. The Peregrine
Falcon, formerly called the "duck hawk", has not nested in the
wild in eastern United States for about a decade. Fortunately,
it has recently been bred in captivity at Cornell University.
This fact, plus reduction of persistent pesticides in the
environment and outlawing of the peregrine's use for falconry,
could allow this avian speed king to thrill coastal bird
watchers more often than the migrating peregrines of the Arctic
race now do. Perhaps it may some day reestablish its
Appalachian eyries and control pigeons in skyscraper cities.
Populations of the two other falcons of the area, the
resident Restrel ~parrow Haw» and the wintering(Merlin Pigeo~
Irawk arc dlso declining. The small Florida race of the Kestrel
seems n~~r extinction, although northern migrant populations
are little reduced. The population of the Merlin is quite
possibly more reduced than that of the Kestrel. While found
near tte coast and rarely on barrier islands, both are upland
birds.
Resident buteos (soaring hawks) of the Southeast
inc ~~! ~ the Red-tailed, Red-shouldered and Broad-winged Hawks,
which nest through most of the area, but in declining numbers.
The Red-tail pr~fers open country and soars a great deal; hence
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it is the hawk most often seen, in the air at least . The Redshoulder frequents areas with deciduous trees, especially
wooded swamps. These two are permanent residents, although
likely retreating in the winter by a state or two. The Broadwing is a gentle hawk of the woods which seldom soars and feeds
largely on snakes and amphibians. Several other buteos are
casuals or stragglers in the area, including the Swainson's Hawk.
The accipiters · (bird hawks) are represented by two species,
the Cooper's and Sharp-shinned Hawks, which were formerly much
more common in the Southeast. Both occur in woodlands.
The Marsh Hawk, a harrier is common c~ ~oastal marshes and
savannahs in winter.
Vultures are the birds most often seen as they soar
effortlessly over the southern coastal plain. Two species,
the Turkey and the Black Vulture, occur in the study area.
The Turkey Vulture is most often seen near the coast, although
the Black Vulture o~casionally feeds on fish or young birds in
heronies. Since the highest CBC's for the two were set in 1956
and 1962 respectively, both may be declining. The decline may
be due partly to their use as targets, but more likely it
results from better animal husbandry which allows fewer
carcasses for the vultures. However, road kills of animals

and unrecovered kills of game species may tend to offset

changes in farming. Although vultures are strictly scavengers,
they are much maligned. Only avid nature lovers appreciate
a visit to a "buzzard" roost or enjoy their soaring.
Kites are tropical raptorial feeders which prey largely
on insects and herptiles. Four species have occurred in the
area: the Swallow-tailed, Mississippi, White tailed, and
Everglades Kites. The first two breed in South Carolina, Georgia,
and Florida. The Mississippi Kite is said to be the only eastern
bird of prey which is increasing. The Everglades Kite is an
endangered species restricted to southern Florida, well below
Cape Canaveral, where it depends on a diet of snails of the Genus
Pomacea found in freshwater swamps. The colorful Caracara also
occurs in south Florida. All of the above birds of prey which
are regularly resident during part of the year, except the
vultures, kites and Red-tailed Hawk are on the Blue List
(Arbib 1974).
ow~s constitute the other large group of terrestrial
avian predators. The Screech, Great-horned and Barred Owls
are the only common residents in the area. The Short-eared
Owl frequents salt marshes and barrier islands in winter. The
Barn Owl and ' Burrowing Owl are both on the Blue List. The
population of the Florida Burrowing Owl, a subspecies,
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is quite small. The Great-horned Owls are the "feathered
tigers of the night" being general carnivores and not disdaining
skunks and other members of the weasel family. They are probably
the only avian predator of crows. The Barred Owl prefers swamps
from which its raucous cacophony of hoots emanates in winter.
Screech and Barn Owls are considerably dependent on man for
nest sites. Both feed mainly on mice. All owls seem especially
susceptible to road kill, the Barn Owl perhaps being the most
vulnerable.
Predatory species are essential, particularly in
controlling populations of small mammals. The "blackbird
explosion" might be less severe if there were more Sparrow
Hawks and Short-eared Owls.· However, it is evident that most
birds of prey have decreased in the past three decades.
7.3.9. Upland Game Birds and Doves
Only six species in this category are found on the
coastal plain. The Bobwhite, the only eastern quail, is probably
hunted more intensively than any other North American bird.
It is among the 10 most common species in Georgia and this
may also be true in the other three states. Suitable habitat
is the key to continued success of this species. It becomes
rather tame when not hunted and thrives near unkempt rural
homes. The Turkey is found throughout the area but usually is
not numerous except where protected, as on Jekyll Island,
Georgia. The Chachalaca (narnea for its call) is an unusual
fowl which has been introduced to Georgia barrier islands from
Texas and still exists on Sapelo Island. The Mourning Dove is
also intensively hunted throughout the south, where northern
migrants swell the local population during the winter. Although
this dove lays only two eggs in a clutch, it has as many as four
broods a summer. Development probably benefits this species,
especially in Florida, where sizable areas are off limits to
· hunting, while still providing suitable dove habitat. The
smaller, short-tailed Ground Dove extended its breeding range
on the coast north to Sunset Beach, North Carolina in 1969
(Teulings 1971) and has been seen in Massachusetts. Resident
upland gar.ie birds are well protected by state management
agenc c s, although populations may decrease through further
habitat loss due to needs of agriculture, home sites, golf
courses, and lndustry.
The Roe~ Dove, commonly known as the "Pigeon", was the
first introduced bird to become feral in the United States,
although it still requires manmade structures for breeding and
roosting, except on coastal cliffs in Oregon. In urban areas,
feeding "pigeons" is a popular pastime. New farm buildings
are tuilt to exclude it, so it is apt to become increasingly
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an urban bird. It is known to carry at least 19 diseases, many
of which can be transmitted to man. It breeds throuahout
North America wherever large structures and waste grain are
available.
Included for the first time on CBC's in 1974, i t
occurred in only 6 of the 11 area counts and only 340 were
estimated.
7.3.10. Cuckoos, Anis, Goatsuckers, Swifts, Hummingbirds,
Kingfishers and Woodpeckers
All birds in this group are unusual in some way and hence
tend to be attractive to bird watchers. The Belted Kingfisher
is the only species in this heterogeneous group which requires
open water for feeding.
Its n~eds include stable banks of earth
in which to tunnel its nest holes and overhanging limbs, piers,
piles or wires from which to watch for its prey. Fish are also
caught by the Kingfisher as i t dives from a hovering position.
The species occurs mainly in freshwater during the breeding
season, but is more estuarine in winter. All coastal bird
counts listed this species in 1973, with numbers ranging from
30 at Bodie-Pea Island National Wildlife Refuge to 160 at
Merritt Island National Wildlife Refuge. Since this largecrested bird commonly watches for prey from roadside wires
over water, everyone who has driven far along the coast has
seen it.
The cuckoos, represented in the Southeast by the breeding
Yellow-billed Cuckoo and the migratory Black-billed Cuckoo, are
especially valuable to deciduous forests because they are the
only birds which prefer a diet of caterpillars and are probably
the only birds able to eat certain large caterpillars. They
are among the last birds to arrive in spring and the last to
leave in autumn, probably because of the availability of
caterpillars. Commonly known as "rain crows," cuckoos are much
more often heard than seen. The Groove-billed Ani, a black
relative of the cuckoos, has moved up the Florida peninsula to
slightly north of Cape Canaveral.
Goatsuckers are so named because the ancients saw them
flying about goats and, not seeing the swarms of gnats,
assumed they milked goats.
In the Southeast, they include
~he Whip-poor-will, Chuck-will's Widow, and Common Nighthawk.
1·ne Whip-poor-will prefers deciduous woods. It evidently
do~s not breed in the study area and winters only sparingly.
T~e Chuck-will's Widow nests throughout in coniferous forests,
including maritime forests and salt marshes (Funderburg and
DePoe, 1958).
In some ecotonal sites, both species may be
heard calling at once. The range of the Common Nighthawk
covers nearly all of the contiguous United States and Canada
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below the tundra.
It nests in open areas on the ground and was
the first bird observed to nest on flat roofs, a habit which
allows it to nest in cities. It is apparently rare along the
coast but does occasionally nest on dunes. The dive and resulting
boom of this bird as it brakes has resulted in the names "night
jar" and "bullbat." It tends to feed in late afternoon and
even at noon on cloudy days (Wray and Davis 1959). The Whippoor-will and Chuck-will's Widow are crepuscular and thus less
often seen. All three species feed exclusively on insects.
The Chimney Swift breeds throughout eastern United
States, preferring to nest in chimneys of houses with two stories
or more and in larger chimneys of public and commercial buildings.
Swifts are well named apd few insects are able to escape them.
They arrive from their winter home in the Andes in early
spring and remain until October. Obviously benefited greatly
by man, they may suffer in the future by technological changes
in chimney construction and by the screening of chimneys
to exclude birds.
Hummingbirds are surely among the most fascinating
jewels of evolution. Found only in the New World, they are
basically tropical, although 15 species have been recorded from
the Southwest. The Ruby-throated Hummingbird is the only one
which breeds in the eastern United States. It feeds on a
variety of flowers having tubular corollas and has recently
been attracted by a variety of colorful devices filled with
sweetened water. Its whirring flight, squeaky voice and tiny
lichen-covered nest have endeared i~ to a multitude of suburbanites.
Weighing no more than a copper penny, it flies
the Gulf of Mexico by dipping fn and out of wave troughs
during strong winds.
Many woodpeckers occur in the southern states. Even the
Ivory-billed Woodpecker, probably now extinct, formerly occurred
north to North Carolina. At least two other woodpeckers have
also declined: the Red-cockaded Woodpecker, which is on the
endangered list (USFWS 1973) although it occurs over most of
the southeast in old pine forests and new colonies are still
being found; and the Red-headed Woodpecker, which is a candidate for the S~ue List and has undoubtedly declined in the
opini01 of .nany ornithologists. Its highest CBC was in 1950,
when 700 were estimated at Pere Marquette, Ill. Many Flickers
are ld l.iec'i on. highways, but in proportion to population size,
the ; .. J··.1ead-:d 'Woodpecker seems most vulnerable to road kill.
With che disappearance of the Ivory-billed Woodpecker, the
most S?ectacular woodpecker remaining in North America is the
Pileat~d, which still frequents southern swamps. The most
common woodpeckers are the Red-bellied, Downy, and Hairy
Woodpeckers and the Yellow-shafted Flicker. The latter feeds
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almost exclusively on ants which it procures on the ground .
A winter v i sitor, the Yellow- bellied Sapsucker, is the only
woodpecker which damages trees by its feeding habits . Mediumsized woodpeckers now often suffer loss of newly-made nest
holes to the more tenaci ous and pugnacious S t arling . Some
woodpeckers , especially the Red- headed , feed mai nly on acorns
in season . The Red-bel l ied and Downy often become s t eady
borders at suet d i spensers.
7.3 .11.

Perchi ng_ Bi rds

This group of highly evolved birds includes 21 families.
Most commonly seen b i rds are i n this group, as are most of the
seed, fru i t , and i nsect eaters . Many nest or feed i n s t ructures
made by man and awaken us at dawn .
Flycatchers are birds which feed on flying insects .
Four species, the Eastern Kingbird , Great Crested and Acadian
Flycatchers, and Eastern Wood Pewee, nest in the area. Ten
more have been seen, half nesting further north and five
straying from the west or south. The Phoebe is frequent in
winter.
The only true lark , the Horned Lark , breeds over all of
the United States, except south of the Carolinas. It nests
sparingly on barrier islands.
Swallows are warm weather birds which feed mainly on
insects. However, the Tree Swallow is able to winter along
the southeast coast by feeding on myrtle berries. The Purple
Martin and scarce Rough-winged Swallow breed throughout the
Southeast. The Tree Swallow nests from Virginia north to
Newfoundland . It has been reported as common at Bodie-Pea
Island NWR in summer, but does not breed there. Bank, Barn
and Cliff Swallows have large breeding ranges , mostly outside
the study area.
The jay and crow family includes the increasing and
rather obnoxious Blue Jay and the scarce Florida Scrub Jay which
is on the Blue List. It occupies a restricted habitat in the
"scrub" community of the Ocala National Forest and northeastern
Florida above Cape Canaveral. The Common Crow and Fish Crow
nest all along this coast, the latter usually being most common.
The all-time high CBC of 30,000 for the Fish Crow was set at
Cocoa, Florida in 1967. Both species are notorious for their
egg pilfering but the Fish Crow is certainly most responsible
near the coast.
Chickadees and Titmice occur widely in North America but
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Qnly the Carolina Chickadee and Tufted Titmouse frequent the
southern coastal plain. Neither species is found in south
Florida. The Brown-headed and White-breasted Nuthatches breed
throughout the area in suitable habitats and are joined by the
Red-breasted Nuthatch and bark-inspecting Brown Creeper in
winter. These small birds, together with kinglets and woodpeckers form small bands which eat dormant stages of insects
in winter.
Six wren species occur in the area, but only two nest
regularly, the Carolina and Long-billed Marsh Wrens. The first
nests in sheds and unkempt woodland, while the Long-billed
Marsh Wren confines its nesting to saline marshes in the
Southeast. The Short-billed Marsh Wren, an inhabitant of high
marshes, shares the salt marshes in winter. The Winter, House,and
Bewick's Wrens occur on various parts of the coast in winter.
Bewick's Wren has been placed on the Blue List.
The mimic family includes three well-known birds, the
Gray Catbird, Brown Thrasher and Mockingbird. The Gray Catbird
winters throughout the area but does not breed south of the
Carolinas. The other two breed throughout the Southeast, the
Mockingbird being non-migratory.
The "mocker" is the official
bird of several southern states.

No group of American birds is better known for its

singing ability than are the thrushes. Seven occur in the Southeast during all or part of the year. The Eastern Bluebird
breeds throughout, but less so in Florida than further north.
The Robin has recently bred in northwest Florida and the Wood
Thrush has extended its range south to Gainesville, Florida.
The Veery and the Hermit, Swainson's and Gray-checked Thrushes
nest north and west of the study area. All thrushes migrate,
the Robin, Eastern Bluebird, and Hermit Thrush retreating to the
southern states while the others leave the country. All thrushes,
except the Robin, are insectivorous, but feed on berries when
they are available.
The Blue-gray Gnatcatcher breeds throughout eastern and
southwestern United States, preferring freshwater swamps in the
east.
I L winters from Wilmington, North Carolina south, becoming
abundant at Cape Canaveral. Kinglets are hyperactive insectivores
feeding largely on insect eggs from trees in winter. The Goldencrowned Kinglet winters most northerly, being rare at Jacksonville,
Florida, while the Ruby-crowned is abundant there.
The Water Pipit nests in the high Rockies and Arctic
tundra. In winter it frequents fields, pastures, and beaches.
Moui. ~ Dora ir. central Florida had the high CBC for 1973. The
imma~ulate Cedar Waxwing, like many frugivorous and insectivorous
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birds, wanders widely in winter.
The Loggerhead Shrike breeds throughout the United States,
withdrawing south of the Great Lakes in winter. It is one of
only four perching birds on the Blue List in eastern United
States. Its all-time CBC high of 496 was in New Orleans in 1955,
where only 60 were seen in 1973. Although Kissimmee Valley,
Florida had the high .1973 count (304)) the species has decreased
as a breeder in that state. No reason has been offered for the
decline of this predator of large insects, mice, and birds.
A mere 84 years ago Eugene Scheifflin introduced the
Starling to Central Park, New York. Bent (1950) spoke of "its
remarkable spread over new territory, of which we have not yet
seen the end." Although the CijC high of 6,000,000 was set 10
years ago in Arkansas, the Starling still seems to be increasing,
and is the most abundant bird on many censuses.
Six vireos regularly occur in the East. The Red-eyed
Vireo nests throughout most of the United States and Canada
and is usually considered the most abundant breeding bird in
eastern deciduous woodlands. The White eyed Vireo prefers
deciduous swamps, breeding throughout most of eastern United
States .
No less than 38 species of wood warblers have occurred
in the coastal counties between Cape Hatteras and Cape Canaveral.
Of these, only 10 breed throughout most of the area. Roughly in
order of abundance, these are the Yellow-throat, Parula and Pine
Warblers, Yellow-breasted Chat, Redstart, and Prairie, Prothonotary, Hooded, Kentucky and Swainson's Warblers. The Ovenbird
and the Black and White Warbler may nest near Cape Hatteras, but
probably not on the barrier islands. All of these, except the
Pine and Prairie Warblers, Ovenbird, and Yellow-breasted Chat,
are most likely to occur in or near swamps on the coastal plain.
Only four, the Pine, Palm, and Yellow-rumped Warblers and the
Yellow-throat, regularly occur here in winter.
One species, Bachman's Warbler, is considered to be among
the seven most endangered birds in the United States and may be
extinct.
It once occurred in swamps of South Carolina and elsewhere. Another endangered species, Kirtland's Warbler, which
nests only in three Michigan countie~ has occurred on the South
Carolina coast {Sprunt and Chamberlain, 1949) and probably flies
over the area to reach its winter home in the Bahamas. No
warblers are on the Blue List for eastern United States {Arbib
1973). Some may have suffered reductions, for instance- the
Yellow-rumped Warbler, which had its all-time high CBC in New
Jersey in 1936. Since nearly all winter in the tropics and nest
in Canada, population statistics are scant.
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The House Sparrow, a weaver finch, was successfully
introduced into the New World by man about 1850. It remains
largely an urban bird, fouling countless buildings with its
bulky nests as well as untold thousands of martin house apartments
and bluebird houses.
The blackbird family contains some of the most pesky and
colorful birds, the blackbirds and orioles. The Bobolink migrates
through the area from mid-North America to Argentina. The
Eastern Meadowlark is a permanent resident which may be declining,
but is still among the most common winter birds. The highest
CBC of a single species ever made was 40,000,000 Red-winged
Blackbirds at Fayetteville, Arkansas in 1965. Its numbers on
the eight larger CBC's in the area ranged from 500 to 2500 in
1973, all quite small compared with counts at inland locations.
The Rusty Blackbird breeds in Canada and disperses through
swamps of southeastern United States in winter. CBC's for this
species are generally small, but 1,100,000 were observed at Rome,
Georgia in 1970. The Boat-tailed Grackle outnumbered the Common
Grackle on 10 of the 13 coastal CBC's in 197J. Its high CBC
was in 1973, with 59,000 on a Texas count. The Common Grackle
rivals or perhaps exceeds the Starling as a pest species. The
breeding bird survey made by the Fish and Wildlife Service in
1968-1969 determined this grackle to be the most abundant
breeding bird . The Brown-headed Cowbird has spread toward the
coast and into Florida. It parasitizes the nests of most
birds its own size and smaller.
The Orchard Oriole nests over nearly all of eastern United
States north of Florida, and breeds wherever large deciduous
trees occur. The Baltimore Oriole nests from northern Georgia to
Canada. Both winter in South America, but about 20 years ago
some Baltimore Orioles began wintering in the United States.
Seventy were counted in the Raleigh, North Carolina CBC in 1969.
Two colorful birds, the Scarlet and Summer Tanagers appear
seasonally ; the first migrates through the area to breed in
northern United States, while the Summer Tanager nests across
t h e sou t he rn half of t he country . Bo t h pr efer pine-oa k woods,
the Summer Tanager accepting human presence most readily.
The most well-known grosbeak in Dixie , the Cardi nal , i s
among the 10 " ..>St common sout hern birds. The Cardinal is t he
stat e bird of seve~al ~outhern states and vies with the Carol ina
Wren.and Mockingbird as an oft-heard songbird. The Bl ue
Gro~~9ak breeds across southern United States. The Rose- breasted
GrosLJeak migrates through the South and the Evening Grosbeak comes
south whenever the seed crop fails in the Canadian taiga.
These forays have increased in recent years.
The Indigo Bunting breeds in eastern United States north
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of Florida. The Painted Bunting breeds on the coast below
North Carolina and winters at Cape Canaveral and southward.
The Fort Lauderdale CBC recorded 453 Painted Buntings in 1966.
The Purple Finch occasionally comes south to northern Florida.
In 1973, 925 were recorded at Wilmington, North Carolina. The
Pine Siskin has reached Fort Lauderdale, Florida. The Rufoussided Towhee ranges over most of the contiguous states. Its
highest CBC was in 1964 when 826 were observed at Charleston,
South Carolina, versus only 268 there in 1973.
Up to 21 native sparrows, including the Dark-eyed
(Slate-colored) Junco, occur in the area in winter, but most
sparrows are greatly reduced. Only five species breed somewhere within the study area and of these, only two, the Bluelisted Bachman's Sparrow and the Seaside Sparrow, breed throughout the area. An endangered species, the Dusky Seaside Sparrow,
breeds in two coastal counties adjoining Cape Canaveral. The
Field Sparrow breeds in eastern United States south to peninsular
Florida and the Chipping Sparrow breeds over most of the continent, barely reaching northern Florida. Six species occurred
on all but one of the 13 coastal CBC's in 1973: the Savannah,
Chipping, Field, White-throated, Swamp, and Song Sparrows. The
two species common in salt marshes of the area in winter, the
Sharp-tailed and Seaside Sparrows, occurred on 10 and 9 counts
respectively.
7.4.

Direct-Influence of Man on Birds

Up to a half-century ago, much emphasis was placed on
the economic value of birds to man as destroyers of insects
and weed seeds, and as gamebirds for food. A slow trend toward
the protection of organisffiE, habitats, and natural communities
from extinction or disruption has resulted in a slowly growing
public ethic of responsibility toward all wildlife. An attempt
to indicate some of the ways in which our society and common
birds interact was given in Table 7.2. Concern for wildlife
in a nation rich in resources came slowly and too late to save
several large birds.
Buffalo Bill Cody was still a hero when another famed
hunter, President Theodore Roosevelt, influenced by a few farsighted men such as Gifford Pinchot and John Muir, saw the need
to act quickly if natural areas or habitats and unique biota
were to be saved. But it was not until the Great Depression of
_he 1930's and the devastating droughts which accompanied it,
that a sustained effort to create wildlife refuges was made.
rowered bag limits and ~he return of normal rainfall to the
prairies sustained waterfowl increases into the 1950's.
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Conversely, World War II, and the demand for more food,
accelerated drainage of prairie potholes and breaking of virgin
prairie in Canada. Much more sinister was the advent of chemical
control of weeds and animal pests during World War II . These
practices dramatically altered management of ecosystems and this
is reflected in substantial changes in habits, abundance and
·distribution of many bird species, particularly birds of prey
and seed eaters. Since the publication of Rachel Carson's
Silent Spring, conservation groups have had increased influence
on nat!ona! policy, thereby retarding destruction and simplification of ecosystems. Nevertheless, mushrooming urbanization
has isolated most citizens from Nature and the understanding
of it.
The use of pesticides was not corifined to agriculturei
persistent insecticides were soon used to control forest insects
and mosquitoes. The Robin and Woodcock, both highly dependent
on earthworms, were among the first to suffer. Defoliant
herbicides are still widely used to promote pine monoculture,
often where hardwoods predominate. Ultimately, the poisons,
especially DDT, entered rivers and finally the sea. The top
carnivores (fish-eaters and birds of prey) were soon affected.
The Brown Pelican, state bird of Louisiana, completely
disappeared from there. Fortunately, Florida was less affected
and has supplied young birds to restock the western Gulf Coast.
Three spectacular birds of prey, the Bald Eagle, Osprey, and
Peregrine Falcon suffered greatly, the last to the extent that
its eastern United States breeding population was extirpated.
The Osprey is staging a remarkable resurgence but our national
bird is still losing ground.
Birds which are now exploiting man's structures and/or
agriculture in the study area include the Starling, H~use
Sparrow,·Rock Dove, Common Grackle, Red-winged Blackbird,
Brown-headed Cowbird, Cattle Egret, Purple Martin, Barn Swallow,
Chimney Swift and Barn Owl. Others becoming increasingly
dependent on man for artificial nest sites are the Bluebird,
Crested Flycatcher, Phoebe, House Wren, Tree Swallow, Chickadee,
Screech Owl, Sparrow Hawk, Osprey, and Wood Duck. This
ph~no~enor.rexcept f or the Phoebe and Osprey, is o f ten due to
man 's de£truc~i on of natural nest sites and to competition from
t he introduced Sta r ling and House Sparrow .
Reali zi ng that man had created an i mbalance of natura l
forces, a fe~ conservationists within the last generation have
applied t h~ir t alents to protect certain species affected
adversely by man ' s acti ons. The Wood Duck and Canada Goose were
found by federal bi ologi sts to use artificial nest structures
which reduced predation . Banding and winter censuses were
expanded by the Fish and Wi ldli fe Servi ce. Scarcely a decade ago ,
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J. L. Wade of Illinois produced Starling-free Martin apartments
and began the "Purple Martin News," possibly the most widely
disseminated of bird media. This publication also promoted
"Bluebird trails" which now cover thousands of miles in the
United States and Canada. Extension of this concern and technology may also save the Barn Owl, Kestrel and other cavity
nesters.

Individuals have helped cavity nesters most but aid to
the greatest n'!.l.ry,~er of species has come by development of
refuge systems. Early conservation efforts were headed by the
Audubon Society and resulted in saving egrets, pelicans, and
some other birds until refuges, laws, and their enforcement
were adequate. Coastal refuges have been acquired and developed
to protect wetland birds, especially waterfowl. Sportsmen
have aided this effort by buying required duck stamps and
voluntarily by joining Ducks Unlimited, an organization which
has acquired large tracts of land, mainly in western Canada,
for breeding habitat.
The great outdoors movement of urbanites results from
the urge of affluent people to flee from the city, and also from
adherence to Thoreau's belief that man has an inherent need
for contact with Nature. The wealthy sportsman may construct
a pond and stock it with native and exotic waterfowl, but the
average suburbanite indulging in pets is restricted to cats,
dogs, and one to many outdoor bird feeders. Such activity
seems likely to increase until a genuine food shortage occurs.
The benefit of providing food to birds, now done all year by
some people, is questionable except during severe snow storms.
Pest species may be most benefited and woodland birds may be
concentrated unnaturally. Predation by Sharp-shinned Hawks
in winter and rat snakes on nests in summer may thus be enhanced. Perhaps more significant are road and window-glass
kills.
Laws to protect certain birds (usually game birds)
were first passed in New England, but only by a town or, at best,
a state and seldom enforced. Not until a migratory bird treaty
w·th Canada was passed in 1916, was a determined effort made to
save many sper.ies of birds. Two years later, the treaty was
used to stop spring shooting but it was not until 1927 that all
!·1orebirds except the Woodcock and Common Snipe were given
r~mplete protection (Hall 1960). In 1937 a migratory bird treaty
·.1ith Mexico gave winter protection to waterfowl and shorebirds.
As a result of lowered bag limits in the 1930's, after
a long drought on the prairies, and the return of adequate
rainfall in the 40's, ducks increased briefly, only to begin
a long slide in the S0's to the presently low numbers which
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now necessitate closed seasons for the Canvasback (Hochbaum's
11
gold-standard 11 of ducks) and the Redhead. Since hunters have
supplied a large share of the funds for refuge acquisition and
maintenance and for research, the imposition of more stringent
laws is an onerous task for management agencies.
The Migratory Bird Treaty Act also protected nearly all
song birds. Among the last birds to be given national protection
were most of the birds of. prey. Some' laws need better enforcement, but the pendulum has swung so far that all species are now
protected in populous areas, a situation most beneficial to
pest birds, particularly starlings, grackles, and pigeons.
It does little good to erect nest boxes which exclude
predators and competitors, or to legislate and enforce more
stringent laws, if the proper habitat is not available to a
species. Hence numerous Federal and State Refuges have probably
done the most toward saving (the majority of) species which
cannot adapt to environments altered by man . .
The only refuge in the study area intended to preserve
a single Species is the St. Johns River National Wildlife Refuge
in Florida, which was created to protect the Dusky Seaside
Sparrow. Among the 13 other National Wildlife Refuges in the
four states of the study area (Table 7 . 5,Fig. 7.10), Cape Romain with
its large nesting colonies of Brown Pelicans, Gull-billea Terns,
and other sea birds, is easily the most valuable for breeding
birds. Others probably have their greatest value in winter.
Several North Carolina refuges offer winter protection to the
Whistling Swan and Greater Snow Goose. Large numbers of Wood
Ducks and other waterfowl winter in the Santee and Savannah
National Wildlife Refuges. (Table 7.6)
National forests, military reserv ations, and s tate a nd
private refuges prov i de havens for many birds, e . g . the endangered Red-cockad ed Woodpec ker which is unc ommon on c oas tal
NWRs . The National Seashore may s e rve to protect some d imini s hi ng sea bird s if their nesting colonies can be s afeguarded.
The Army Corns of Engineers has produced incidentally the spoil
banks w ich support a majority of the Least Tern c olonies in
the study area. The Corps now plans to make spoil depos its
more beneficial to wildlife.
~rlvate groups, particularly the Nature Conservancy
and Audubon f.ociety have been responsible for s aving many
areas from development. Most large areas acquired by the
Conservancy have later been purchased by the Fish and Wildlife
Service or state agencies. Hopefully this practice will
continue .
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Table 7.5

Partial list of federal, state, or privately owned areas within which
birds are specifically protected.

State and Refuge
NORTH CAROLINA
1 . Lake Mattamuskeet NWR

Acreage
50,128

Not es

Greater Snow Geese, Brant,
Canada Geese, ducks, shorebirds, gulls, terns, otters

2. Pungo NWR

12,350

3. Cape Hatteras Nat'l
Seashore (includes
Pea Is. NWR)

28,500

4. Swanquarter NWR

15,500

Whistling Swans, scaups,
Buff leheads

5. Cedar Island NWR

12,526

Greater Snow Geese, ducks,
shorebirds, gulls, terns

6. Pt. Lookout Nat'l
Seashore

24,500

m

0
l11

Primary Species

7. Croatan Nat'l Forest
8. Theodore Roosevelt Nat'l
Area St. Park
9. Hoffman St. Forest
SOUTH CAROLINA
1. Francis Marion Nat'l
Forest
2. Cape Romain NWR

34,197

Geese, ducks, Turkeys, Brown
Pelicans, Bald Eagles, shore-

Table 7.5 .

(Continued)

State and Re!u9e

Acreage

Notes

birds, rails, terns, deer,
sea turtles, alligators

SOUTH CAROLINA (Continued)
3. Santee NWR

Primary Species

74,353

Geese, ducks, herons, Bald
Eagles, otters, alligators

13,173

Waterfowl, White Ibises,
Bald Eagles, otters, deer,
alligators

4. Four .Hole Swamp
(Aud. Soc . Nat. Cons.)
5. Savannah NWR

C'\

0

O'I

GEORGIA
1 . Tybee NWR

2 . Skidaway I. State Park
3. Wassaw NWR

100

Shorebirds

480
10,242

Waterfowl, wading birds,
shorebirds

4 . Wormslow Plantation

5. Ogeechee R. Nat'l Area
(Ga.)

•
Education
search

6. Ossabaw I., Private
7. Richmond Hill St. Park -

a.

Harris Neck NWR

191
2,687

&

re-

Waterfowl, herons, deer,
alligators

j

Table 7.5 (Continued)
State and Refuge

Acreage

Primary Species

GEORGIA (Continued)
9. St. Catherines I.
Private

Research, Amer.
Mus. Nat. Hist.

10. Blackbeard Is. NWR

5,168

11. R . J . Reynolds St.
WMA (Ga.)

18,000

12. Wolf I. NWR

4,168

13. Lewis I. St. Park

5,600

14. Altamaha WMA (Ga.)

15,000

17. Brunswick WMA (Ga . )

60,000

20. Santa Maria St. Park
FLORIDA
1. Nassaw WMA (Fla.)

Brown Pelicans, shorebirds

Research

16. Jekyll I. St. Park

19. Cumberland I. Nat'l
Seashore

Sea turtles, waterfowl
shorebirds, Bald Eagles,
Herons, deer, alligators

20,000

15. Little St. Simons I.
Private

18. Blythe I. St. Park

Notes

937
39,494

66
95,000

Table 7.5. (Continued)
State and Refuge

Acreage

Primary Species

Notes

FLORIDA (Continued)
2. Flotzheim Wilderness
Sanctuary (Audubon)

3. Hon. Theodore Roosevelt
Preserve
4. St. Johns River Bluff
5. Guana WMA (Fla.)
6. Tomoka WMA (Fla.)

°'
0

CX)

7. Port Orange Sanctuary
(Audubon)

Dusky Seaside Sparrows,
water birds
12,200
117,500
975

8. Lake Woodruff NWR

18,417

9. Farmton WMA (Fla.)

55,000

10. St. Johns NWR
11. Merritt I. NWR++

4,335*
140,393

Snowy Egret, Little Blue
Heron,Louisiana Heron,
White Ibis, Great Egret
Ducks, coots, wading birds,
alligators

Dusky Seaside Sparrows, water birds
Waterfowl, herons, egrets, Dusky
Seaside sparrows, Bald Eagles,
alligators

*2,615 acres owned by Federal Government.
++NASA
NWR, National Wildlife Refuge
WMA, Wildlife Management Area
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Partial list of federal, state, or privately
owned areas within which birds are specifically protected.
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Table 7.6.

Birds Abundant in Summer on Coastal Refuges.

Species

(J'\

......
0

Pied-billed Grebe
Brown Pelican
Louisiana Heron
Cattle Egret
Wood Duck
Bobwhite
Clapper Rail
Ring-billed Gull
Laughing Gull
Royal Tern
Gull-billed Tern
Black Skimmer
Mourning Dove
Blue Jay
Common Crow
Fish Crow
Mockingbird
Parula Warbler
Red-winged Blackbird
Boat-tailed Grackle
Cardinal
Painted Bunting
all year

+ breeds

North Carolfna

South Carolina

+
+
+

ay
ay
ay

+
+

ay

-

Georgia

ay*

+
+
ay

+
+
+
+
+

ay

ay
ay

ay
ay

+

ay
ay

ay
ay
ay
ay

+
+

Florida

+
+
+

ay
ay
ay

As we enter the last quarter of this century, certain
effects of man on birds and some responses of birds seem
predictable:

l}

Pest species, mainly the Common Grackle, Starling,
Cowbird, and Rock Dove seem likely to enjoy further
increases. Eventually, more careful harvesting of
grain may halt these current population explosions.

2}

Interest in providing suitable habitat, including
nest boxes for woodland birds, use of certain plants
to provide food, and establishment of small sanctuaries will certainly increase for some time.

3)

Many species of wetl~nd birds may continue to increase slowly and to undergo small range extensions,
but birds occurring mainly in swamps will decrease
as these wooded areas are utilized for agriculture
or industry.

4}

Farm ponds and reservoirs will continue to increase
and more birds will use them as the impoundments
age.

5}

Several predaceous birds will increase if abatement
of persistent pesticides continues.

6)

Upland birds will slowly decrease as more hardwood
forests are ~~nverted to pines or farmland in the
United States and Canada.

7}

Continued growth of the human population in Latin
America, with the concomitant expansion of agriculture,
use of pesticides and need for meat does not augur
well for most migratory birds.

8)

Coastal refuges will be increasingly modified to
accommodate breeding of certain species. Competition
for human use of the same areas will be a major
problem.

9)

Extinction of the Ivory-billed Woodpecker, Eskimo
Curlew, and Bachman's Warbler will be conceded
within this decade. Other species could follow, or
be found only in captivity.

10)

Some species increased by man's past practices will
decrease as technology changes. These include the
Barn Swallow, Chimney Swift, and Meadowlark.
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7.5.

Endan~ered S~ecies

The United States Congress mandated the Secretary of
Interior to compile a list of endangered species in various
taxa and to publish this list periodically. The pertinent
statutes are cited in the most recent list compiled by the
U.S. Fish and Wildlife Service (USFWS 1973). Additions
(or deletions) to the endangered species list are published
from time to time in the Federal Register.
Those avian species on this list which occur within the
study area are included in Table 7.7. Relevant data for
several of these species is included elsewhere in this chapter.
Additional detailed data has been summarized in USFWS (1973).
The reasons suspected for the decline in these species were
extracted from that volume. Discrepancies between the u. S.
list and the IUCN (1972) Red Data Book, an international list,
are discussed elsewhere in this chapter.
In 1971, the Audubon Society issued the first so-called
Blue List (Arbib 1971). This list was initiated to provide
an "early warning system" for birds before they become rare
or endangered. The list has been updated annually. For a
wide-spread and abundant species to be so lis~ed, i t must
exhibit a non-cyclical decline in numbers or nesting frequency
in all or part of its range. The species on this list which
occur within the study area are also cited in Table 7.7.
Suggested causes for the decline are not specified for these
species, but some ideas may be derived from examining Table
7.2. These species may be the endangered species of tomorrow.
7.6.

~ife Historx Summaries

Life history data have been compiled for selected species
of birds belonging co groups associated with marine habitats
and therefore most likely to be impacted by man's acitvities
in these waters and on the adjacent shores. Space and time
constraints precluded preparation of s u mmari e s for all pertinent
species. Selection was based on several criteria : present
abundance, vulnerability, habitat, and mode of feeding.
7.6.1. ~£en Water Birds
Common Loo n (Gavia immer)
Literature Bent 191 9
Olson and Marshall 19 5 2
Palmer 1962
Sprun t and Chamberlain 1949
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Table 7.7.

List of Endangered Species (from USFWS 1973)
with probable cause(s) and species on the
Audubon Society Blue List (Arbib 1973).

SPECIES

CAUSE

Endangered Species
Southern Bald Eagle X

Proximity of residents; illegal
shooting; loss of nest trees;
pesticide effects on reproduction

Peregrine Falcon X
American
Arctic

Cumulative effects of pesticides
on reproductive success

Florida Everglades Kite

Hunting, habitat loss by
drainage of swamps; proximity
of residents; decline of sole
food, the small Pomacea, snail.

Brown Pelican x+

Thinning of egg shells resulting
in breeding failure.

Dusky Seaside Sparrow X

Habitat alteration; mosquito and
flood control practices.

Bachman's Warbler

Obscure; possibly cutting of
virgin swamp and bottomland
timber.

Kirtland's Warbler

Limited nesting habitat;
parasitism by cowbirds.

Ivory-billed Woodpecker

Habitat scarcity.

Red-cockaded Woodpecker

Limited number of specialized
nesting sites {old living pines
with red-heart disease) and
current forestry practices.
Blue List Species

Red-throated Loon X+

Black-cro~ned Night Heron X+

Western Grebe*+

Wood Stork x+

White Pelican X

White Ibis X

Double-crested Cormorant X+

Fulvous Tree Duck*+
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Table 7.7. (Continued)
Blue List Species (Continued)
Sharp-shinned Hawk

Gull-billed Tern X

Cooper's Hawk

Least Tern X

Red-shouldered Hawk

Yellow-billed Cuckoo+

Swainson's Hawk•

Barn Owl

Marsh Hawk x+
Osprey x+
Caracara

Burrowing Owl
Florida Scrub Jay
Bewick's Wren*

Merlin
American Kestrel

Loggerhead Shrike

Limpkin X

Yellow Warbler+

American Oystercatcher X
Piping Plover X

Common Yellowthroat +
Bachman's Spa~row

Snowy Plover *X

Grasshopper Sparrow
Henslow's Sparrow+

*Accidental or casual in coastal southeastern United States.
+P?pulations in study area not declining. Of concern elsewhere
in range.
X Life History Summary included.
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Range:
Breeding: Northern tier of states to the Aleutians,
Gr-a enl an~ c!~"ld !c.eland . ,
Winter:
In eastern u. s., Great Lakes and Newfoundland
to Florida and Gulf Co ast.
Migration: March-April; October-November
Habitat:
Mainly freshwater in summer, saltwater in
winter.
Food:
About 80% fish: menhaden (a principal item in
winter), mullet, pickerel, black bass, killifish; also crabs, crayfish.
Reproduction: believed to mate for life.
Breeding Age: 2, perhaps 3.
Nesting: Territories 20-100 acres.
Nest: Wet vegetation ·mound in water or within 2-3
ft of it.
Season: Eggs early May-July 12
Clutch Size: Usually 2, rarely 3, often 1 (latter
results in breeding failure).
Incubation: 29 days
Broods/Season: 1
Young: Precocial downy, fed whole food.
Birds Fledged: 0.5/nest (2 studies).
Longevity: Unknown, probably at least 10 years .
Natural Enemies: Unknown, northern pike and snapping
turtles probably catch some young; new young
speared by non-parent adults or irritated
parents.
Population Status: Over 3,000 died on Lake Michigan in
in 1963 and again in 1964 from botulism;
apparently no large die-offs hav e occurred
since then and species seems stable; high CBC
set in Chincoteague, Va., 1971; at Mille
Lacs Lake, Minn., 1,000 est. 20X72 .
Economic Status: Pr otected, Minn. state bird , consid erable
summer tourist attraction; few now shot; some
still killed by pound-netters who fear the birds
bills; increasing ly extirpated as breeders from
highly developed lakes .
R~d- throated Loon (Gavia stellata)
Literature. Bent 1919
Grosvenor and Wetmore 1937
Re i lly 1968
Range:
Colder wat ers of nor t hern hemi sphere.
Breeding: Arc t ic- boreal zone .
In Nort h America east
to northern Greenland, Labrador and Newfoundl and , sout h t o New Brunm,1i ck , west t o
Al eut ian Is . and nort h t o Beri ng Sea and
Arcti c c oast .
Strays summer sout h t o N. C .
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Winter:

Principally along seacoasts in North America.
Maine to Fla. Jn east coast.
Migration: April-June, September-November.
Habitat: Tundra ponds, rivers, lakes and Arctic coast
in summer, sea coasts in winter.
Food:
Mostly small fishes; also frogs, fish spawn,
crustaceans, mollusks, shrimps, leeches,
aquatic insects.
Reproduction: Mate during migration or before. Perhaps
mated for life?
Breeding Age: Probably 2, possibly 3
Nesting: Solitary to loosely colonial
Nest: Variable, large mound of mud and wet vegetation
used for more than one season; sometimes in
hollow on bare ground.
Season: May- July
Clutch Size: 2, rarely 1 or 3
Incubation: Unknown, both parents active, 29 days
estimated - possibly less.
Broods/season: 1
Young: Cared for by both •sexes; 1st flight probably
around 60 days; families remain together at
onset of migration .
Birds Fledged: Probably little more than 1
Longevity: Probably about 15 years
•
Natural Enemies: Taiga-tundra predators. Fish may
cripple legs at sea.
Population Status: Although, all-time high CBC of 4,620
was set at Tomales Bay, Calif. in 1966, regional
editors of American Birds favor retention on
Blue List. The 1974 high. at Wilmington, N. C.,
was 82% lower, indicating a possibly lowered
population.
Economic Status: Accused, along with other fish-eating
birds, of destroying valuable fish, the food
of this loon has been shown to consist mainly
of· sand launces, sculpins, etc. Readily
succumbs to oiled water.
Horned Grebe rPodiaep s auritu~

Literature: Bent 1919
Palmer 1962
Range:
Prairies of western states and provinces to
Mackenzie River mouth and through Alaska;
less common eastward through forested Canada
and N. Eng. south to Fla., Gulf of Mexico,
and central Calif.
Breeding: North end of range south to north prairie
states; small numbers in maritim~ provinces.
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Winter: Coasts of eastern U. s. a n d Gulf of Mexico;
Alaska to central Calif.
Migration: Leaves Fla., March-April; reaches Manitoba
and Saskatchewan early May, dispersing to
ponds by early June; Nova Scotia to Md. by
mid-October, Fla. by November.
Habitat: Mainly freshwater ponds and marshes in summer,
estuaries and coastal bays in winter.
Food :
Stomach contents (122 stomachs) 45% food, 55%
grebe feathers.
Food portion of contents :
fish 43% (carp, anchovies, silversides, yellow
perch and gizzard shad; insects 46% (from 17
families); crustaceans, amphibians and leeches
10%.
Reproduction:
Breeding Age :
2
Nesting: Pairs solitary
Nest : Wet vegetation floating in shallow water.
Season : Eggs April 6-August 12.
Clutch Size:
3-6, usually 4-5 .
Incubation: 24-25 days
Broods/season: 1
Young: Precocial downy, fed by both parents.
Birds Fledged: Unkno wn
Longevity: Unknown, probably f ew exc eed 5 years.
Natural Enemies : Eggs probably taken by crows, youn g
by fis h a nd turtles; all grebes subject to
early freezes which preven t fligh t.
Population Status : Seems stable at lower levels t h a n
f ormerly; h ig h CBC was 4683, Back Bay, Va.,
1967; range 485-695;
Economic Status : Protected; grebes more susceptible t h a n
ducks to death by exposure to oiled water; i n
1962 a pproximately 400 Horn ed Grebes died i n
a spill on t h e lower Yo rk R., Va.; population
t h ere now muc h reduced; species likely mo s t
affec ted by drain i ng o f pr~ irie pot h oles.
Greater Shearwater (Puff inus gravis)
Literature: Bent 1964
Fi'sher & Lockley 1954
Palmer 1962
Reilly 1968
Ra nge: En tire Atlan tic Ocean , f r om nort her n Eur ope to
southern Africa on the eastern side, and from
Arctic Circle in Greenlanrl to southern South
America on western side; covers the- htlantic
in a figure-a pattern: South Africa-north South
America-Gulf s trearn; to Europe-South
America and Falkland Island.
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Breeding: Breeds only on Inaccessible and Nightingale
Is. of the Tristan da Cunha group in the ~uth
Atlantic Ocean, and Gough Is.
Winter: During our winter it breeds in the Antarctic
summer, comes north during our spring and
summer.
Migration: April-June, August-September.
Habitat: Over oceanic waters where currents or upwelling
waters occur.
Food: Mainly squids, also sand launcae (Ammodytes) and
other fish; apparently feed (or once did)
considerably on cetacean feces.
Reproduction: Only in southern hemisphere.
Breeding Age: Unknown, probably 3rd year.
Nesting: Colonial
Nest: Eggs laid in a chamber at end of a 3-ft. burrow
under heavy vegetation in sub-Antarctic islands;
chamber has some grass; burrow has 90° angle to
left or right just inside entrance.
Season: Late August - breeding, early November laying
Clutch Size: 1 (in burrow) most hatch inearly January
(many uncared for eggs laid on surface).
Incubation: 53-57 days, by both parents.
Broods/Season: 1
Young: Require 84 days for fledging,· parents depart
in April with young still in burrows.
Parental
care slows after first days.
Birds Fledged: Unknown, probably about 0.7
Longevity: Unknown, possibly 25 years
Natural Enemies: Apparently none; some apparently starve
after parents abandon them. Cause of mass
die-offs unknown.
Population Status: Probably stable. Population in
Tristan da Cunhas estimated at 5 million.
Economic Status: Prior to 1875 were used for bait on
the Grand Banks by "shack fishermen, 11 who ·
caught them with baited hook and line . Eggs
and young taken by Tristan islanders, but
apparently less than 1% of population is
harvested.
Sooty Shearwater(Puffinus griseusJ
Literature: Bent 1922
Buckley 1973
Palmer 1962
Reilly 1968
Range: Labrador and Greenland in Atlantic, Aleutian Is.
in Pacific to 600S.
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Breeding: Breeds around main land masses south of 30°s.,
islands near New Zealand and Cape Horn.
Winter: Breeds in southern hemisphere during our winter.
Migration: April-May, August-September; up to
100,000/day have been seen on Calif. coast;
1800 in 4 hours on N. C. coast.
Habitat: Boreal species, follows currents offshore on
continental shelf and over fishing banks.
Food: Chiefly squid caught on or near surface of water;
also small fish, e.g. capelin and sand launce;
also octopus and crustaceans.
Reproduction:
Breeding Age: Unknown, probably 3rd year.
Nesting: Colonial
Nest: In burrows in vegetated soil; length 1-4 ft.;
some vege tation in chamber.
Season: November-April; eggs laid latter half November
Clutch Size: 1
Incubation: Both sexes - taking turns as long as 13
days; usual period, 56 days.
Broods/Season: 1
Young: Hatching mid-January-early F.ebruary, parents
go through attentive and inattentive periods,
after which follows desertion period of up to
27 days. Leave burrows for first flight when
86-106 days old, after exercising wings nightly
outside of burrow.
Birds Fledged: Probably between .6 and .8 per nest.
Longevity: Probably 15-20 years.
Natural Enemies: Probably large fish. Prey may be
stolen by jaegers but two would seldom cooccur.
Economic Status: Formerly caught with hook and line by
fishermen who used them for bait; perhaps still
taken in southern hemisphere by the Maoris.
Brown Pelican (Pelecanus occidentalis)
Literature: Anderson and Hickey 1970
Beckett 1966
Bent 1922
Henny 1972
Mason 1945
Palmer 1962
Williams and Martin 1970
Range: Pacific, southeastern and Gulf coasts of U. s.
Breeding: Ocracoke, N. C. to Everglades, Fla. west
coast and along Gulf Coast to Miss. Formerly
bred in La., now rare in Texas; reintroduced
into La. from Fla.~ in ~tudy area, breeds at
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Ocracoke, N. c., Cape Romain and Deveaux Banks,
S. C., and Merritt Is. NWR, Fla.; never known
to breed in Ga.
Winter: Largely withdraws to Fla., Bahamas and Cuba.
Migration: Of 563 recoveries from birds banded in Florida
by 1945, 30% were from Cuba and the Bahamas, 2
from Mexico and Nicaragua, none from the Gulf
Coast. Young wander most. Carolina birds
return in May, leave August-September.
Habitat: Inshore saltwater and bays; sandy islands or
mangrove swamps for breeding.
Food: Largely menhaden (to 95%) and mullet.
Reproduction: Pair bond status unknown.
Breeding Age: Some at 2 years, all by age 3
Nesting: Always colonial
·
Nest: Shallow scrape lined with some feathers; mound
of debris, or solid nest in mangrove trees (s.
Fla.)
Season: Eggs in May and June in N. c., now most of
year in south Fla.
Clutch Size: 2-4, usually 3; mean 2.95 (236 sets).
Incubation: 28-30 days.
Broods/Season: 1
Young: Altricial, naked, walk at 5 weeks, fledge and
fly at 9+ weeks.
Birds Fledged:
0.85 (range 0.32-1.07) for 3,851 nests
in S. c., 1969-1971; as low as 0.08 in Calif.
Longevity: Mortality of 7,600 banded in N. C.-s. C.,
65% 1st year, 26% 2nd year, thereafter 19.5%,
life span up to at least 20 years.
Natural Enemies: High mortality of juveniles, perhaps
enhanced by heavy infestation of Mallophaga
(parasitic insect); predation by gulls on
islands and raccoons in mangroves possible,
but not mentioned.
Population Status: Greatly decreased along Gulf Coast
in DDT era; Fla. population stable at about
6,000 nests; nesting success va~iable,
frequently affected by tropical storms; young
produced at Deveaux Bank, S. c., increased
from 80 in 1969 to 1)50 in 1973; total population of eastern subsp. probably not over
20,000.
Economic Status: Protected; endangered species on U.S.
list; valuable tourist attraction; now seldom
shot, but people sometimes disturb nesting
grounds; chief cause of adult death seems to
be by hooking of the pouch or feet by fishermen; the line then being cut or broken, but
leaving the bird with enough line to become
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entangled in a tree; mortality from this source
is expected to rise with numbers of sport fishermen.
White Pelican (Peleaanus erythrorhynahos)

Literature: Bent 1922
Reilly 1968
Range: Restricted to North America, mainly west of
Mississippi R., casual in almost every state,
some always winter in Fla.
Breeding: Large lakes of the western interior east to
Lake of the Woods, Minn.; n. to Lake Winnipegosis, Manitoba n. to Great Slave Lake, south to
s. D., Utah, Nevada and Calif.
Winter: North to southern Calif., scuthwest Ariz., coasts
of Texas, Cocoa, Fla. had 17 on 1973 CRC.

Migration: March-May, September-November.
Habitat: Sizeable freshwater lakes in breeding seasons;
also shallow marine and brackish waters, esp.
in winter.
Food: Does not dive, catches food, mainly small fishes
on or near surface in shallow water.
Reproduction:
Breeding Age: 2 or 3 (est.)
Nesting: Colonial
Nest: Depression in ground or mound of dirt and debris
as much as a foot high and a yard wide • .
Season: May-July
Clutch Size: 1~6, usually 2
Incubation: 30-36 days, both sexes active. Pelicans
flee nests with little resistance.
Broods/Seasrn: 1
Young: Altricial, naked; first flight at about 2
months; insert head and bill into parents for
partially digested fish.
Birds Fledged: Unknown, almost certainly less than 2.
Longevity: Unknown, probably at least 20 years.
Natural Enemies: Hot sun
Population Status: Species is on American Birds' Blue
List. All-time high CBC of 5,890 at Laguna
Atascosa in 1969 evidently was unusual concentration. CBC high in 1973 was 1,020 at Coot
Bay, Fla.; in 1974 it was 1,260 at Corpus
Christi, Texas.
Economic Status: Large, white bird with great soaring
atility. This, and unique method of fishing
by communal method of driving fish toward shore,
are great attractions. Fish eaten are of little
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commercial value. Man is major enemy, many
still being shot. Of about 30 breeding
colonies, the largest are under government
protection.
Gannet (Morus bassanus)
Literature: Bent 1922
Pearson, T. G. 1937
Palmer 1962
Reilly 1968
Range: Boreal N. Atlantic south to Gulf of Mexico,
Cuba and Morocco.
Breeding: Bird Rocks (Magdalen Is.}, and Bonaventure
Is. in Gulf of St. Lawrence (ca. 6,680 pairs,
1938); Anticosti Is. (496 nests, 1940); and
Newfoundland, Bird Is. and Baccalieu Is. (off
Avalon Penin.}, 3,370 nests. 19:9; Funk Is.,
2,770 pairs, 1959. Also Iceland and Britain.
Winter: South to Vera Cruz and Mediterranean.
Migration: March-April, November-December in study area;
at sea first 3 years; mostly pre-breeders from
Carolinas south.
Food:
Fish, mainly schooling fishes; squid.
Reproduction:
Breeding Age: At least 3 years old at 1st breeding;
only half of banded birds breeding at 6-7
years.
Nesting: Colonial on cliffs or. ledges from 30 1 above
high tide .
Nest: Seaweeds or other flotsam; add to nest each
year.
Season: May 9-July 25
Clutch Size: 1
Incubation: 43-45 days
Broods/Seas9n: 1
Young: Altricial, naked, then downy, abandoned by
parents at 12-13 weeks, first flight at about
14~ weeks; flies from water when about 4 months
old.
Birds Fledged: Unknown, apparently high
Longevity: Unknown, probably to 25 years.
Natural Enemies: Gulls steal eggs and sometimes very
young chicks.
Population Status: Probably stable or declining slightly;
high CBC of 3,000 at Bodie-Pea Is., 1947-1948;
1973 CBC high of 1,275 at Flagler Beach, Fla.;
1974 high was 500 at Back Bay, Va.
Economic Status: Protected by Canadian government; tourist
attraction at breeding grounds; less so along
622

·I

east coast in winter.
Double-crested Cormorant (Phatacrocorax auritus)
Lite ratu r e: Bent 1 922
Cottam 1937
Headstrom 1949
Hickey 1952
Palmer 1962
Peterson 1934
Shackleton and Stokes 1968
Rang e:
Breeding: James Bay and Gulf of St. Lawrence south
to Me., also interior of continent and
Pacific coait; subspecies breeds in south Fla.
Winter: Atlantic and ·Gulf coasts from Maine to ~orth
Florida and Louisiana; Pacific coast to
Aleutians.
Migration: March-May, August-November
Habitat: Freshwater and marine in summer, largely marine
in winter.
Food: Largely fish (99%). On southeastern coast, mainly
catfish, eels, herring, toadfish and skipjack,
also crabs and shrimp; in a R. I. river mainly
eels, in Me. 80% sculpins and cunners; in
freshwater, bullheads, suckers, and gizzard
shad.
Reproduc t ion:
Breeding Age: Usually at 3 years, rarely by age 2.
Nesting: Colonial, on ledges of rocky islands off
coast, occasional in low trees or bushes near
water; in lakes usually on ground of islands.
Nest: Loose platform of sticks and seaweed or weed
stalks with a 2' outer diameter.
Season: March-June, late December-late October in
Fla . , depending on latitude.
Clutch Size: 3-4 common; 2-9 known; 1 replacement
clutch.
Incubation: 24-25 days, 29 reported.
Broods/Season: 1
Young: Altricial, naked; fed by parents until fully
grown (10 weeks); first flight about 5-6
weeks .
Bird s Fled ged : Unknown, probably less than 3.
Longevity: After first year, mortality rate 22-26%.
Natural Enemies: Alligators, large fish; raccoons and
crows d u ring nesting.
Population Status: Placed on "Blue List." Population
is depressed in the Great Lakes area; winter
population on southeast Atlantic coast has
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increased; all time CBC high was 7,450 at
Vero Beach, Fla., in 1966; 1973 high was 4,630,
also at Vero Beach; a N. C. colony, the only
one between Fla. and Me, had only 9 nests in
1956 (Wray and Davis) and no longer exists
(Teulings, personal communication).
Economic Status: Protected in most states; minor
tourist attraction; effect of chlorinated
hydrocarbons on egg fertility unknown; gunners
probably tempted to shoot some; frequently found
dead on beaches.
Anhinga; Water Turkey{Anhinga anhingaJ
Literature: Bent 1922
Meanley 1954
Palmer 1962
Sprunt & Chamberlain 1949
Range: Southeastern N. c. on coastal plain
Ill., southeastern Okla. so'uth to
and Patagonia.
Breeding: Retreated from former northern
N. c. and Tenn.
Winter: In U. s., peninsular Fla., s. C.

coasts.

to southern
south Brazil
limit in
and Gulf

Migration: April-May, September-October.
Habitat: Swamps, bordering lakes and rivers; quiet
or slow-moving fresh to salt waters bordered
by trees.
F~od: Mainly rough fish (catfish, pickerel, suckers,
mullet and gizzard shad), also water beetles,
caddis fly larvae, crayfish and the adults
and young of aquatic vertebrates.
Reproduction:
Breeding Age: At least age 2.
Nesting: _Colonial, in heronries; uses nests exporpriated from egrets or herons, or builds its
own.
Nest: As low as 3~ feet in heronries, much higher in
cypress swamps. Uses foliage-bearing twigs.
Season: All year in southern Fla., but mainly MarchApril; April-May further north.
Clutch Size:
(29 nests in eastern Ark) 1-5, usually
3-4, ave·. 3.
Incubation: Probably 25-28 days.
Broods/Season: 1
Young: Altricial, naked; age at first flight unknown.
Birds Fledged: 13 from 20 nests under disturbed
conditions, 14 from 10 nests the next year.
Longevity: Mortality unknown, longevity probably about 12.
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Natural Enemies: Egrets and herons tear nest apart to
make their own.
Population Status: Probably slowly decreasing; all-time
CBC high 833, Vero Beach, Fla., 1966; 1974
high 177, Lakeland, Fla. First recorded as
nesting in N. C. in 1898; a nest was not found
again until 1931; by 1956 they had nested in
at least 5 counties. Now only about a dozen
pairs nest there, all at Orton Pond (Teulings,
personal communication.
Economic Status : Popular attraction in Fla., largely
due to its conspicuousness while drying its
wings in the sun; probably still shot at
fish farms and hatcheries; disturbance important, untended· eggs cooked in Ark. heronry,
young disgorged food and flopped into water
at early age when humans approached.
7.6.2. Wa d ing Bird s
Great Blue Heron ~rdea herodias)
Literature: Bent 1926
Henny 1972
Miller 1944
Pratt 1972
Reilly 1968
Range :
Breeding: Southeastern Alaska to Mexico and Cuba,
also Nova Scotia to Fla. Keys and Jamaica.
Winter: Southeastern Alaska, Mo. and New England to
West Indies.
Migration: February-May, mid September-late October,
some do not migrate.
Habitat: Breeding in or near tops of large trees, usually
on outer edges of branches in a rather insecure place, rarely found on ground or in
bushes; feeding in fresh and salt water where
shallows permit stalking prey.
Food: Total food in 189 stomachs studied consisted of:
nongame fish 43%, valuable fish 24%, fish
remains 3%, insects 8%, crayfish 7%, other
crustaceans 1%, amphibians (mostly frogs) and
reptiles (mostly snakes and turtles) 4%, mice
and shrews 5%, remainder plants and leeches.
Reproduction:
Breeding Age: Can mate at 2 years.
Nesting: Colonial, usually 70' or higher in sycamores
or cypresses, lower northward and in Everglades.
Nest: Made of sticks (¼-½" diameter) and lined with
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small twigs and grass; measures 3 or more feet
across.
Season: November-March.
Clutch Size: 3-7, 4.37 in 347 clutches near
Philadelphia.
Incubation: Around 28 days.
Broods/Season: 1, but may renest once or twice if
nest is destroyed.
Young: Altricial; leave nest at about 60 days.
Birds Fledged: 55%, 2.04/brood
Mortality: 1st year, 64%; 2nd year, 36%, 3rd and later,
22%.
Longevity: 21 years known.
Natural Enemies: Crows and vultures may prey upon eggs
and young.
Population Status: Stable, although all-time high CBC
of 735 was set at Coot Bay, Fla. in 1960; 1973
high of 660 at same site was only 10% less;
1974 high was 484 at Corpus Christi, Texas.
Economic Status: Still shot, but probably seldom eaten;
largest and most widely seen heron; destruction
of large swamp trees may reduce species in
future.
Green Heron (Butorides viresaens)
Literature: Bent 1926
Cottam & Ohler 1937
Reilly 1968
Sprunt 1954
Range:
Breeding: Southwestern Wash. to Calif., Atlantic
coast westward from New England to Minn. and
Neb., south to Panama and West Indies.
Winter: Coastal Calif. to Tex. and Fla.; south to
Venezuela.
Migration:· March-May, August-November.
Habitat: Fresh and saltwater environments.
Food: Small fishes {39% nonvaluable, 6% valuable),
amphibians, reptiles, crustaceans {21%),
leeches, arachnids, land and water insects
{24%), mollusks and spiders. Over-all, only
5% of fish eaten were valuable to man.
Reproduction:
Breeding Age: Probably end of 2nd year.
Nesting: Solitary of small colonies.
Nest: Loose platform of small sticks usually in low
trees; 10-12" diameter.
Season: March-July
Clutch Size: 3-6, usually 4-5.
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Incubation: 17-21 days.
Broods/Season: 1 or 2
Young: Altricial, downy; fly at 21-23 days.
Birds Fledged: Unknown, probably about 3
Longevity: Probably near 12 years.
Natural Enemies: Probably raccoons, black rat snakes
and crows for the eggs and young.
Population Status: Possibly slightly decreasing;
highest CBC was in 1961 (478 at Coot Bay,
Fla.); 1974 high was 240, also at Coot Bay).
Economic Status: Feeds in small areas, particularly
creeks and ponds; since it is least colonial of
the herons, i t occurs over a greater area of
the coastal plain.
Little Blue Heron (FZorida caeruZea)
Literature: Bent 1926
Jenni 1969
Meanley 1955
Rand 1956
Reilly 1968
Sprunt & Chamberlain 1949
Range:
Breeding: Conn. to West Indies, Mexico to Uruguay. Winter: Baja Calif., Mexico and in U. s., Md. coast
southward to Fla. Occasionally north to south
Canada at post breeding dispersal.
Migration: February-April; September-October.
Habitat: Ponds, small lakes, wet meadows and fresh and
salt marshes.
Food: From 46 stomachs: small fish 28, crustaceans 45,
insects 16, snakes, turtles, and spiders 11.
Reproduction:
Breeding Age: Possibly 1 year
Nesting: Colonial
Nest: Frail platform of sticks and twigs lined with
finer twigs; 10-15 ft from ground on water.
Season: Eggs laid (Fla.) 28 III-4 VII (Jenni)
Clutch Size: 3-6 usually 5; in 58 Fla. nests, modal
clutch: 5; average 3.7; in 50 Ark. nests,
average: 4.04 (Meanley).
Incubation: 21-25 days usually 23-24 (Fla.); by both
parents.
Broods/Season: Probably 1
Young: Altricial; fly at 1 month.
Birds Fledged: 36% mortality from laying until 2
weeks after hatching in 28 Lake Alice, Fla.
nests.
Longevity: Unknown, probably about 15 years.
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Natural Enemies: Crows, vultures and grackles attack
eggs and young.
Population Status: Seems to be increasing in southeast
although all-time high, set 22 years ago, was
84% above 1974 high of 1,166 at Coot Bav,
Florida.
Economic Status: Probably doesn't encroach on man's
interests; white juveniles and dark adults
add color to marshes and shores.
Cattle Egret (BubuZaus ibis)
Literature: Bent 1926
Fogarty and Hetrick 1973
Jenni 1969
Palmer 1962
Seigfried 1971
Range: Most of tropical and warm temperate Old World;
introduced to Australia, expanded range into
South America by 1911; reached Fla. in 1948,
possibly earlier, breeding there by 1953.
Breeding: Has nested in all eastern states except
Indiana, also Ontario; breeds abundantly to
Penn.
Winter: Withdraws southward; mostly ~o Fla., many to
Cuba, one banded bird to Yucatan.
Migration: February-April, August-September; postbreeding
dispersal as far as Alberta and Newfoundland.
Habitat: Pastoral, associated with grazing cattle, also
tillage equipment. Nests mainly over fresh or
brackish water.
Food: Variable over total range; mainly orthopterous
insects; also other arthropods, earthworms,
amphibians, reptiles, small birds and rodents.
Grasshoppers and crickets 80% of total volume
in stomachs of 831 birds taken in Fla. Vertebrates (mainly frogs, toads and lizards
comprised 7%.
Reproduction: Pair-bond formed but promiscuity evident.
Breeding Age: Probably age 2
Nesting: Highly social, territories small, seldom
nesting with other species except when
colonizing.
Nest: Usually new each year; in maple, buttonbush,
elder, wax myrtle and willow in Fla.; cedar,
yaupon and live oak in N. C. Nest of twigs
gathered from trees, better made than other
heron nests.
Season: Eggs April 1-July 15, Lake Alice, Fla.;
April 26, Charleston, S. C. (5 eggs); about
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May 1, Mills Is., Md.
Clutch Size: 1-6, average 3.5 + 0.07 (85 clutches},
Lake Alice , Fla .
Incubation: 23 days (average of 28 clutches}, 2
hatched in 22 days .
Broods/Season: 1
Young: Altricial, downy; in Md. began flying at 40
days, probably to feeding areas before 60
days·.
Birds Fledged: 3 per nest from 14 Mills Is . nests;
mortality at Lake Alice, 18% to age 2 weeks
(73 nests}.
Longevity: Unknown; possibly 10 years.
Natural Enemies: Boat-tailed Grackles, Purple G allinules
and probably ,rat snakes took eggs from nests
at Lake Alice}" alligators likely deterred
raccoons; one case of cannibalism (Africa)
known; also puncturing of 4 eggs in adjacent
nest.
Population Status: Certainly still increasing; high
CBC, 6,200, Dade County, Fla), 1972; probably
most common North American egret, apparently
outnumbers all native herons combined in Fla.;
much higher nesting success than other egrets
gives it some advantage, but amount of food
available is likely most important.
Economic Status: Easily the most common bird seen flying
overhead in much of Fla. in winter, thus adding
scenery; asset to cattle grazing economy; could
require control if it drives native species
from heronries; in spring, may be destructive
to weary passerine migrants arriving in Fla.
Keys and on Gulf Coast.

Great Egret (formerly Common Egret} (Casmerodius albus)
Literature: Bent 1926
Rand 1956
~eilly 1968
Teal 1965
Range: Balkans and central Asia to southern Africa,
New Zealand, Oregon and Long Island, N. Y. to
Argentina.
Winter: Calif. to Va. south, mainly coastal in
northern part of winter range.
Migration: Leisurely, February-April, September-December
Habitat: Lakes and marshes
Food: Fishes, salamanders, snakes, snails, crustaceans,
insects, small mammals and some plant matter.
Reproduction:
Breeding Age: Unknown
Nesting: Colonial, occasionally solitary
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Nest:

Frail and poorly made of sticks; in tall
trees and occasionally on shrubs and bushes
in swamps.
Season: January-June.
Clutch Size: 1-4, usually 3-4
Incubation: 23-28 days
Broods/Season: Probably 1
Young: Altricial; fly at 6 weeks.
Birds Fledged: 1958 study indicated 52% of eggs
hatched; 85% of hatchlings fledged, 2% of
hatched starved, 11% were lost to predators,
2% unknown causes.
Longevity: Unknown, pro~ably at least 15 years.
Natural Enemies: Vultures, crows, raccoons; cripples
may be taken by alligators.
Population Status: Apparently increasing in Southeast;
high CBC of 6,000 was at Coot Bay, Fla., 1964.
Economic Status: Great increase of egrets since end of
plume trade has thrilled many visitors to
Fla., as well as waterside watchers further
north.
Snowy Egret (Leucophoyx thuZa)
Literature: Baynard 1912
Bent 1 926
Funderburg 1960a
Jenni 1969
Palmer 1962
Peterson 1934
Reilly 1968
Teal 1965
Range: Maine and Utah south to southern South America.
Breeding: South America, Central America, north to
central Calif., Okla. and Me.
Winter: Resident throughout most of its range in
South and Central America and in douthwestern
Un ited States.
Migration: April-May, September-October.
Habitat: Fresh, brackish, saltwater areas; sheltered
shallows favored, occasional in pastures.
Food: Mainly aquatic animals; Jenni reported nestling
food in 50 pellets: fish 88%, invertebrates
7% and amphibians 5%; of 46 amphibians: 35
were tadpoles; grasshoppers and crickets
equaled amphibians, mosquitofish (Gambusi a
affinis) and flag fish (JordaneZZa fZoridae)
made up 57% of diet; Baynard found (in 50
pellets) mostly grasshoppers, "suckers,"
"cutworms," crayfish and moccasins.
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Reproduction:
Breeding Age : 1 yr (?)
Nesting: Usually in colonies; both sexes incubate .
Nest: Of slender twigs, usual l y in l ow trees or tall
shrubs; in N. C. nests were i n red cedars and
wax myrtle.
Season: March 30- June 16 at Lake Alice; month l ater
Va. and Ohio.
Clutch Size: At Lake Alice, 3 . 9 (1 02 clutches); range
2 - 8; possibly greater further north.
Incubation: At Lake Alice 22.4 days (39 nests) range
2 1-24 days
Broods/Season: Not stated , but apparently two at Lake
Alice.
Young: Altricial , downy; leave nest in 20-25 days for
the day; fed by regurgitation; both parents
feed.
Birds Fledged:
57.5% at Lake Alice(91 nests) in Ga.,
mortality was 33% for eggs, 62% for nestlings.
Longevity: Probably at least 10 years.
Natural Enemies: Eggs taken by Boat-tailed Grackles,
Purple Gallinules and rat snakes at Lake Alice;
some young lost in storms, but most loss due to
chick starvation.
Population Status: Range expanding; Peterson recorded it
breeding north rarely to N. J.; now breeds in
Maine; 11-year data indicate stable to slightly
increasing numbers.
Economic Status: Once suffered great reductions during
"plume trade." Rarely eats sport fish; among
birds most prized by nature-lovers, because of
its hunting habits and plumes.
Louisiana Heron (Hydranassa triaoZor)
Literature: Baynard 1912
Bent 1926
Jenni 1969
Pearson 1932
Reilly 1968
Sprunt 1954
Teal 1965
Range: Southeastern coastal plain north to Central
America, West Indies and North-South America
Breeding: Long Island, N. Y. south to Gulf Coast,
West Indies. Baja Calif. south to Central
America.
Winter: On coasts, Md. and San Diego, Calif. south .
Common Bodie-Pea Is., south, abundant in Fla.
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Migration: March-May, peak mid-April.
Habitat: Coastal marshes, especially near estuaries and
bays, throughout Fla.
Food: Baynard found this heron eating mostly grasshoppers (about 78% of diet), also crayfish
(ca 17%), frogs, lizards and cutworms at
Orange Lake, Fla. Chapin (in Sprunt) reported
68% fish and 20% crustaceans, the remainder
being insects, spiders and worms in 48 stomachs.
Jenni examined 50 fecal pellets at Lake Alice,
Fla. and found fish were 95% of total diet,
mainly the flagfish (JordaneZZa), 3 FunduZus
spp. and centrarchids (sunfish, etc.). Dragon
fly larvae made up 2.9%, grasshoppers and
crickets only .37%, a dramatic switch from the
findings of Baynard 50 years earlier in the
same county.
Reproduction :
Breeding Age: Unknown, possibly end of 2nd year.
Nesting: Colonial; 28 nests studied by Jenni at Lake
Alice were in maple, buttonbush, elder, willow
and wax myrtle. Occasional on ground in
marshes.
Nest: On sturdy sites, of twigs brought by male to
female, who builds nest .
Season: 29 III-20 IV at Lake Alice.·
Clutch Size: 3-6, usually 4 at Lake Alice.
Incubation:
23-25 days
Broods/Season: 1
Young: Altricial, downy; fed by regurgitation (1 parent
is always at nest).
Birds Fledged: Approximately 3.1; mortality to 2
weeks old was 36% at Lake Alice; for Ga., 19%
mortality for eggs, 57% for nestlings (Teal).
Longevity: Unknown, perhaps· 12 years.
Natural Enemies: Storms destroy nests or cause young to
fall; · rat snakes, Purple Gallinules and Boattailed Grackles took eggs at Lake Alice; elsewhere
Fish Crows have taken eggs and Black Vultures
young; alligators eat young that fall from nests
and regurgitated food, but apparently prevent
intrusion of raccoons; cottonmouth moccasins
perform the same function as alligators at t wo
island heronries in Florida, (Wharton 1958).
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Popul a tion Status: Probably stable , high CBC (1 800) was
a t Coot Bay , Fl a ., 1967; 1 973 h i gh of 600 was
at Reserve , La . ; competi t i on for food and nest
s i tes, especi a lly wi th Cattl e Egret , is possibl e ;
breedi ng range has extended north from Cape
Lookout-, N. C. t o Long I s l and in l as t 40 years .
Economi c-St a t us: Most col orful of our herons, hence
attr a cti ve to nature l overs; Audubon called it
"Lady- of- the waters."
Bl ack-crowned Heron (Nyatiaorax nyatiaorax)
Literature : Bent 1926
,.
Cottom, Uhler 1937
Gross 1933
Henny 1972
Hickey 1952
Reilly 1968

Peterson 1969
South and Central,America; North America to
southern Canada.
Breeding: North to Oregon, southwest Manitoba,
Point Pelee, Ontario and east Quebec; south
to Falkland Island and Chile .
Winter: In North America, north to Oregon , east to
Mass., south along coast to Florida.

Range:

Migrat i on: March-June, September- November.
Habitat: Aquatic environments from fresh to salt.
Food: Feeds l argely at night or dusk of evening and
before sunrise. Total food in 177 stomachs
consisted of: 52% fish (15% valuable, 37%
nonvaluable), 22% crustaceans, over 16% aquatic
insects, over 6% frogs, 3% mice and native rats;
remainder was composed of spiders, worms,
lizards, leeches and moth~.
Reproduction:
Breeding Age: Usually 2 or 3; many yearlings found
attempting nest-building, but none have been
found to breed.
Nesting: Colonial
Nest : Coarse twigs, reeds and branches, lined with
finer materials; on ground or as high as 130
ft. in a tree.
Season: March-July
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Clutch Size: Usually 3-5; sometimes only 2 or l;
occasionally 6, and very rarely 7 or 8. Some
large clutches may result from 2 birds.
Incubation: 24-26 days; both sexes take active part;
incubation starts after 1st egg is laid, although
set may not be complete for a week.
Broods/Season: 1 (may re-nest if original is lost)
Young: Altricial;. downy; fed by regurgitation until
they can fly; leaves nest at 2 or 3 weeks; able to
fly at about 6 weeks.
Birds Fledged: 2.2-2.4 young produced per successful
nesting; at Sandy Neck, Hass., 1920 - 2.6/nest.
Longevity: Mortality rate - 23%/year. (69% - first year).
Record age 13 years.
Natural Enemies: Crows, vultures and grackles take eggs
and young by day; raccoons raid nests at night;
foxes may pick up young easily frightened from
nest at 2-3 weeks of age.
Population Status: An estimated 2.17-2.25 young per
nesting pair must be fledged to maintain a
stable population, assuming that between 42 and
56% of the 2-year olds and all older birds
attempt to nest; 30% of females aged 1 year or
older were either unsuccessful or non-breeding
(Hickey). Peterson (1969) reported a 90% decline
on the eastern half of Long Island, but species
is apparently stable or slightly increasing over
most of range.
Economic Status: One of the best known and most widely
distributed herons.
Hunters along the Mississippi
River formerly shot this species for food.
It is
now fully protected. Many more people have heard
the "quawk" flying over at night during spring
migration than will ever see it.
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Yellow-crowned Night Heron (Nyctanassa violacea)
Literature: Bent 1926
Cottam and Uhler 1937
Martin, Zim, and Nelson 1951
Palmer 1962
Range: Eastern u. S., Central America and lake states to
northern half of South America.
Breeding: Minn., Wis., Ohio, N. Y. and R. I. to
Texas, Baja Calif. and coasts of northern
South America.
Winter: Mainly Fla. and Gulf Coast, rarely north to
Mass., resident in Carib. Islands, Central and
South America. ,.
Migration: February-March, September-October.
Habitat: Tidal flats and creeks, mainly wet southern
swamps.
Food: Feeds day and night; largely on fiddler crabs
on coast, crayfish in freshwater; 120 stomachs
had 98% crayfish, only one fish.
In 133 stomachs
(Cottam and Uh+er}: diet was insects 23%, frogs
and salamanders 21%, crawfishes 19%, mice and
shrews 10%, valuable fish 10%, other fish 10%
and snakes 5%.
Reproduction:
Breeding Age:
Possibly at 1 year.
Nesting: Usually in colonies
Nest: Usually well built structure of heavy twigs,
lined with finer twigs and rootlets.
Season: March-June
Clutch Size: Usually 3 or 4; range 2-8, larger in
Ohio and N. Y.
Incubation: Unknown, probably 22-25 days.
Broods/Season: 1
Young: Little known; young leave nest at about 2
months.
Birds Fledged: Unknown, probably less than 3.
Longevity: Unknown, probably under 12 years.
Natural Enemies: Unknown, probably Fish Crows, Boattailed Grackles, rat snakes and raccoons.
Population Status : Prob a b ly lowest of herons breeding
north of Fla., but apparently stable.
Economic Status : Once killed as a game bird by the Creoles
of La.; male vies with Great Blue Heron as a
photographic subject. Wide distribution subjects it to development hazards in many places.
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Wood Stork, formerly Wood Ibis (Mycteria americana)
Literature: Audubon 1840 (In Bent 1926)
Bent 1926
Kahl 1964
Ogden 1973
Palmer 1962
Range: Breeding now confined to Fla. below Micanopy
and Jacksonville; formerly to La. (1908) and
S. C.; post-breeders and young range to Mass.
and west to Okla.
Migration:
Postbreeding dispersal May-October; breeding
failure enhances dispersal movement.
Habitat: Chiefly freshwater, also brackish in southern
Fla.
Food: Mainly snall fish; especially MoZZienesia ,

Cyprinodon, Gambusia, Lepomis, Chaenobryttus,
FunduZus, Adinia, JordaneZZa, MugiZ, Lepisosteus,
and IctaZurus; also crayfish, fiddlers, alligators, snakes, turtles, tadpoles and insects.
Reproduction: Pair bond unknown; European stork mates
for life.
Breeding Age: Probably age 3-4.
Nesting: Colonial, colonies now much reduced; breeds
in winter and spring (seems keyed to falling
water period).
Nest: Flimsy platform added to by more sticks during
brooding and rearing; cypress trees preferred,
mangroves used in southern Fla.
Season: December 8-April 30 (54 dates)
Clutch Size: Usually 3, also 2 to 4, rarely 5.
Incubation: By both parents, eggs never unguarded;
period 28-32 days, average 29.7 (10 clutches)
Brood/Season: 1
Young: Usually brooded only one week, guarded 5 weeks,
fly at 7-8 weeks, return to nest for feeding
3-4 more weeks; fed 3-12 times a day.
Birds Fledged: 2.8 (431 nests) Big Cypress; 2.2
(300 nests) mangroves; 1.9 (477 nests) lake
district.
Longevity: Estimated 1st year mortality 40%, 25% in
·
following years.
Natural Enemies: Unmated birds (prebreeders?) drive
parents off nests to destroy eggs and young
until chicks are half-grown; prolonged drought
or early rains may wipe out a year's nesting;
crows reported to snatch eggs from guarded
nests; garfish chase them and snapping turtles
catch the young, but alligators take only
wounded and dead storks.
Population Status: Believed reduced about 90% in last
35 years; probably now about 4% of primeval
636

numbers; all time CBC high 3,615, Coot Bay,
Fla., 1966; 1974 high 455, Coot Bay; an 87%
decrease; estimated population 6,000 in 1973,
possibly 1,200 young produced, "insufficient
to offset expected natural morta:ity";
reduced numbers cue to loss of swamps and
altered drainage patterns.
Economic Status: Prominent tourist attraction in Everglades and great attention given to extraterritorial wanderers; aerial evolutions spectacular.

'

Glossy Ibis (PZegadis faZaineZZus)
Li te r atur e: Bent 1 926
Rand 1956
Reilly 196'8 ·
Peterson 1934
Range :
Breeding: Worldwide in discrete areas; in U. S.:
Fla., S. C. to Maine; also Calif., Nev.,
Utah, southern Texas and southwestern La.
Winters: Withdraws to tropical and subtropical areas.
Migration: Winter withdrawal "southern type migration"
is over short distances, except on U. s. east
coast; post breeding dispersal extensive but
no definite migratory patterns.
Habitat: Marshes of salt-brackish or freshwater type.
Food: Crayfish, cutworms, grasshoppers, other insects,
and snakes (especially moccasins); on Eastern
Shore of Va. feeds mainly on insects.
Reproduction: Pair bond for season.
Breeding Age: Unknown, probably 2 years.
Nesting: Social
Nest: Cup-shaped, of good construction, made of dead
reeds and plant stems.
Season: April-May
Clutch Size: 3-4
Incubation: 21 days
Broods/Season: 1
Young: Downy, altricial; fly at 7 weeks.
Birds Fledged: Unknown, probably close to 3.
Longevity: Unknown, probably at least 12 years.
Natural Enemies: Fish Crow, raccoon, possibly gulls.
Population Status: Increased greatly in last 30 years;
Audubon never mentioned it and Bent recorded it
breeding only in Alachua County, Fla.; Peterson
recorded it breeding only in peninsular Fla.;
now also breeds from s. C. to Maine, often in
large numbers.
Economic Status: Prehistoric appearance of this ungainly
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newcomer to the east coast makes it a popular
sight as it probes in shallow water or flies in
long lines.

White Ibis (Eudoaimus aibus)
Literature:

Bent 1926
Rand 1956
Reilly 1968
Sprunt and Chamberlain 1949
Teal 1965
Wray and Davis 1959

Range :
Breeding: N. C. to Tex.; low country.
Winter: Southeastern U. s., Central America, northwestern South America, Greater Antilles
{excepting Puerto Rico)
Migration: Only postbreeding dispersal {July-September)
and winter withdrawal.
Habitat: Fresh, brackish, or saltwater areas; mangrove
islands and cypress swamps preferred.
Food: Primarily crustaceans {crayfish); fish, frogs,
snakes, slugs, snails, aquatic beetles and
cutworms and grasshoppers.
Reproduction: Nests later than most other waders.
Breeding Age:
Initial breeding at 2 years {captive
bird); breeds in 2nd nuptial plumage.
Nesting: Colonial
Nest: Of dry twigs, fibrous roots and green branches,
lined with leaves, exterior 15" diameter.
Season: April-June {Ga., S. C . and N. C . ); MarchAugust, Fla.
Clutch Size: 3-5, usually 3-4
Incubation : 20-23 days
Broods/Season: 1
Young: Downy, altricial
Birds Fledged:
In 1958 study by Teal {1965), 39% of
eggs hatched; of those hatched, 71% fledged,
others starved or were killed by predators.
Longevity: Unknown, possibly 15 years.
Natural Enemies: Alligators {probably mostly crippled
birds): Common Crows and Fish Crows eat eggs.
Vultures and Magnificent Frigatebirds probably
eat young birds.
Population Status: All time high of 23,400 set at Monroe,
Fla., 1953, has not been closely approached, but
population seems reasonably stable.
Economic Status: Once hunted as "white curlew"; now
increasing northward, first nested in N. C. in
1950; recent summer presence at Pea Is. NWR
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indicates it may soon nest further north in
N. C . ; wanders (mainly young) to Va. and northward in August; attractive sight to many
tourists .
7.6.3.

Waterfowl

Pintail (Anas a~uta)
Literature : Bent 1925
Gro s ven o r 1 9 32
Ko rtright 1 9 4 2
McG ilv r ey 1 966
McMa h an 1 9 7 0
Martin, Zim, ·and Nelson 1 951
Reilly 1 968
Range: Circumpolar
Breeding: Hudson and James Bay west to include nearly
all of western Canada and Alaska south to
Illinois, Iowa, Nebraska, northern Col orado and
southern California; has greatest breeding range
of all American ducks .
Winter: North to south 'British Columbia, northeast Col.,
Okla, Miss., southern Ill., southern Ohio, and
Md.; south to Puerto Rico.and Central America,
also Hawaiian Islands.
Mi grat i on: February- May , August- December .
Habitat: Breeds on freshwater lakes, ponds and marshes in
prairies and tundra ; marine bays and estuaries
in winter.
Food:
(Percentages) of 169 stomachs taken September through
March gave: plants and pondweeds 28, sedges 22,
grasses 10, smartweejs and docks 5, arrow grass
4, goosefoot 3, water lilies 3, miscellaneous
6,; animals, 'i.3: m0lluscs 6, crustaceans 4,
insects 3~ at Lake Marion in 1966, diet (34
stomachs) was 99% plants, including buttonbrush
15, watergrass 15, squarestem spikerush 13,
corn 11, smartweed 10, rice cutgrass 9, annual
spikerush 6, muskgrass 5, Asiatic dayflower 5,
oats 3; contents of 47 stomachs from the Laguna
Madre, Texas, in winter of 1967-1968 were
DipZanthera 88%, Ruppia 4%, gastropods 2%;
376 southeast birds mainly ate widgeongrass,
muskgrass, bulrush and glasswort.
Reproduct i on:
Breeding Age: End of first year.
Nesting: On dry ground up to a mile from water.
Nest: A hollow scooped in ground, sparsely lined with
grasses and down.
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Season: April-July
Clutch Size: 6-12, average 6-8.
Incubation: 21-23 days; wholly by female; begins when
all eggs are laid. Female most courageous of
all ducks in defense of young.
Br ood/Seas on: 1
Young: Precocial, downy; all hatch within few hours;
taken to water as soon as dry; first feathers
at 3 weeks.
Birds Fledged: Unknown, probably 5 - 6.
Longevity: Record 17 years.
Natural Enemies: Min~ raccoons, birds of prey .
Population Status: Down 48% from average of previous
9 years in study area states, which have 93%
of Atlantic flyway winter population. Annual
decline has averaged 17% since 1970. All
time CBC high of 2,310,700 at Sacramento,
Calif., 1943 (also highest waterfowl species
count). High 1973 count was 114,200--96%
lower. Probably still second most abundant
duck.
Economic St a t us: One of most desirable ducks and
apparently decreasing faster than most other
waterfowl. Many killed by lead poisoning.
Green-winged Teal (Anas oaroZinensisJ
Literature: Bent 1923
Kortright 1942
Martin, Zim, and Nelson 1951
Moisan, Smith and Martinson 1967
Reilly 1968
Range: Mouths of Yukon and Mackenzie Rivers southeast to
James Bay and Labrador; south to Gulf Coast and
Mexico.
Breeding: Alaska to Newfoundland, reaching Arctic Coast
at mouth of Mackenzie River., south to northern
Calif., Colo., Utah, Nebr., S. D., lake states
and northern New England.
Winter: British Columbia, Mont., Ill. and Nova Scotia
south to Cuba, Venezuela and Colombia.
Migration: February-April, September-December.
Habitat: Breeds on inland ponds, marshes, lakes, streams,
rivers and freshwater bays; in east prefers
brackish water in winter.
Food: Kortright gave percentage analysis of 653 stomachs
as plants 91, animals 9; plants: sedges 39,
pondweed 12, grasses 11, smartweeds 5, algae 5,
duckweeds 2; milfoil, arrow grass and burr reed
3, miscellaneous 14; animals; insects 5, molluscs
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4; " l ove maggoty flesh of rotting salmon . " At
Lake Mar i on , S . c. percentages for 32 gizzards
were: buttonbush 1 5, muskgrass 1 3, Hydrochloa
8 , spi kerush 8, water- shield 5, other plants
37, and ani mal s 14 . Martin et al . gave panic
grass, bul rush and duckweed as main items in 170
southeast stomachs .
Reproduction:
Breeding Age: 1
Nest i ng: On g r ound, sometimes far from water
Nest: A hollow i n grass at marsh edge or under shrub ,
neat l y lined wi th down .
Season: May-August
Clu tch Size: 6 to 18; u s ually 10-12.
Incubat i on: 21- 23 days - per for med by fema le alone .
Mal e deserts a~'·soon as eggs are laid . . Female
rears chi cks .
Broods/ Season: 1 (?)
Young: Precocial downy; need no food for few hours and
soon journey to water .
Birds Fl edged: Brood s i ze averaged 5 . 6 in Mont . and New
Brunswi ck, 6 . 0 i n Que . , and 6 . 9 in Alaska .
Longevity: At l east 8 years; average mortality rate
(annual ) i s 63%- 70% for immatures and 50% for
adul ts; mortal ity rate r e l ates directly to rate
of k ill - - i ndirect l y to hunting regulations .
Popul at i on Status: Better than for most other ducks.
Highest CBC was 57,600 in 1953 at the Bear
River marshes, Utah ; 1974 high was 15,115 at
Bolivar Peninsula, Texas . Winter waterfowl
survey (1974) shows this teal down 22% in
Atlantic Flyway from 27-year average and down
34% from preceding 8-year average .
Economic Status: Rates 2nd or 3rd among game ducks
harvested in Central and Miss . flyways; 3rd
or 4th in Pacific and 5th or 6th in Atlantic
Flyway; smallest North American duck, receives
more hunting .pressure now since some other
species have either been taken off the hunted
list or reduced to one/ day. Approximately 96%
of t h e Green-winged Teal in the Atlantic
Flyway winter in the study area states.
Wo0 d Duck (A i x s ponsa )
Literature: Bent 1923
Ha r d ister 19 66
Kortright 1 9 4 2
Martin , e t . a l. 1 951
McGi lvrey 1 966
Spr unt 1'9 5 4
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Range :
Breeding:

West Coast from southern British Columbia to
Calif.; East Coast-Nova Scotia west to Manitoba
and south to Gulf Coast, Fla. and Cuba.
Winter: Retreats from northern areas slightly (to
northern U.S.) and extends to central Mexico.
Migration: March-April; August-November.
Habitat: Ponds, swamps and rivers
Food: In southeast (Martin et al.) 107 stomachs (92 in
fall and winter) gave oak, hickory, waterlily
and duckweed as most important; at Lake Marion
S. C. 108 stomachs taken November 29-December
6 held water and pin oak acorns 58%, bald
cypress 20%, sweetgum 10%, water hickory 5.5%
and corn 4%, for 98.5% of,total volume (McGilvrey).
Reproduction:
Breeding Age: Probably 2nd year.
Nesting: Solitary, but no evidence of territoriality
Nest:
In natural cavity in trees or branches or abandoned
woodpecker holes; uses man-made boxes.
Season: March-June
Clutch Size: 8-15, usually 10-15
Incubation: 28-30 days
Broods/Season: 1, possibly 2 in some cases.
Young: Downy, precocia~ fly at about 9.weeks.
Birds Fledged: Probably high percentage where predators
are kept from nests.
Longevity: 8 years (Kortright)
Natural Enemies: Young and eggs: snakes and raccoons;
out of nest: large
pickerel, pike, snapping
turtles, mink, skunks, raccoons, garfish, eels,
alligators; starlings usurp nest boxes before
ducks arrive.
Population Status: Possibly decreased recently; only two
per day allowed in 1973 hunting season; since it
prefers freshwater areas, especially ponds,
creeks and swamps, it is rather vulnerable to
hunting; 1974 CBC high was 336, Gainesville,
Fla.
Ecor.o~ic Status: Only duck reared in southeast in appreciable numbers; usually considered most beautiful
duck in North America; could be greatly increased
by putting up suitable nest boxes, especially
on protected ponds. Once abundant, then protected from 1918-1941. By 1962, it was second
only to Black Duck in Atlantic flyway kill.
At Lake Marion only about 1,000 of 4,000
knocked down were recovered.
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Redhead (Nyroaa ameriaana)
Literature: Bent 1921
Reilly 1968
Cottam 1939
Weller 1964
Evans, Hawkins and Marshall 1952
Ferguson and Smith 1974
Kortright 1942
McMaban 1970
Range: Appears in nearly every state at some season.
Breeding: Central Canada-north central states; central
and western North America.
Winter: As far north as i t can find open water; mainly
southern u. S.; high CBC's usually at Laguna
Atascosa NWR, Tex.; at Titusville, Fla. in
1965; St. Marks, Fla. in 1972 and 1973. Weller
(1964) believed that about 78% of all- Redheads
wintered on the Laguna Madre.
Migration: March-April, September-October.
Habitat: Fresh water and estuaries with rooted aquatic
plants in winter; ope~, interior lakes and
freshwater marshes for breeding. Occupies
ecological niche midway between sea ducks and
puddle ducks (Cottam).
Food: Dives deep to obtain aquatic roots and bulbs. In
Laguna Madre, diet was 84% shoalgrass
(Diplanthera wrightiu and 10% widgeongrass
(Ruppia mc.ritima); snails occurred in 91% of
stomachs but were only 2% of diet (McMahan).
Cottam (364 stomachs) found plant food 90%
~pondweeds 32%, muskgrass (algae) 23%, shoalgrass not listed); animal food 10% (insects 6%
mollusks 4%); of 83 stomachs from southeast
states, food was mainly widgeongrass, pondweed and waterlily.
Reproduction:
Breeding Age: First spring
Nesting: Usually in marshes, not far from deep water;
on ground. ·
Nest: Neatly woven of weeds and lined with down.
Season: April-June
Clutch Size: 10-18, average 9.8; number usually i ncreases
from eggs being "dumped" by other species.
Redhead also lays in nests of other species.
Incubation: 22-24 days; entirely by female.
Broods/Season: 1
Young: 6-7 days able to fly. Fully feathered, except
wings, at 7-8 weeks; flying at 9½ weeks.
Birds Fledged: One record: 28% mortality of 23 young
in 3 weeks in Manitoba.
Longevity: Maximum 16½ years; annual mortality rate: 70%
first year, 55% for adults . .
G43

•
Natural Enemies: On nesting grounds, crows, skunks,
raccoons and mink. Botulism in mid-summer in
west.
Population Status: Now increasing slightly. Proportion
wintering in 4 states of study area was 92% in
1973, greater by 13% over past several years.
Although species was up 11% over previous
year and up 3% over 10-year average in January,
1974 (Ferguson and Smith), the all-time CBC
high for the Redhead was 555,000 in 1954, at
Laguna Atascosa NWR, Texas. Most recent highs
have been at Merritt Is., Fla., (10,200) in
1972 and St. Marks, Fla. (12,640) in 1973.
However, in 1974 it was at Corpus Christi,
Texas (12,500).
Economic Status: Among the most popular game birds.
Season closed in 1973 and this appears likely
to be necessary indefinitely into the future.
It has possibly decreased more than any other
bird since the early 50's.
Ring-necked Duck (Aythya aoiia~is)
Literature: Bent 1925
Cottam 1939
Kortright 1942
Rei+lY 1968
Rand 1956
Range:
Breeding: South British Columbia cross country to
Great Lakes, south to Nev., Utah and Colorado;
also Maritime Provinces and northern New
England.
Winter: Along coast from Mass. to Greater Antilles and
Panama, also southwest British Columbia;
usually in fresh water.
Migration: March-May, mid-October-November; flies in
small, loose flocks.
Habitat: Breeds on wooded lakes and ponds in coniferous
forests; winters in marshes, bays, rivers and
sheltered marine waters.
Food: About 80% vegetable: Aquatic grasses, sedges,
etc.; also insects and mollusks; prominent
plants from 167 southeast stomachs were watershield, coontail, duckweed and spikerush.
Reproduction:
Breeding Age: Probably end of second year.
Nesting: Solitary.
Nest: Grass and leaves with down lining.
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Season: May-July
Clutch Size: 6-12, usually 8-10
Incubation: 25-29 days.
Broods/Season: 1
Young: Downy, precocial, age at first flight 49-56
days.
Birds Fledged: Unknown, probably about 8.
Longevity: 10 years (Kortright)
Natural Enemies: On breeding grounds, crows, mink,
raccoons and foxes.
Population Status: Probably decreased considerably since
all-time high CBC of 46,000 was reported from
Lacassine, La. in 1941; CBC highs over last
15 years have ranged from 720-25,000 (none
over 7,800 since 1966). F&WS data indicate 98%
of Altantic ~lyway population winter -·in 4
states of study area.
Economic Status: Fla. 's 2 high counts, at Lakeland, 1968
and Orlando, 1972 indicate the ability of this
bird to become quite tame in developed areas;
hunting pressure is believed to be much higher
on the ring-neck than on scaups, although
perhaps not in Fla.
•
Canvasback (Aythya valisineria)
Literature: Bent 1921
Cottam 1939
Kortright 1942
Linduska 1964
Martin, Zim and Nelson 1951
Reilly 1968
Wray & Davis 1959
Range:
Breeding: Range becoming more restricted each year.
Western North America to Canada and central
Alaska. Early migrant and breeder.
Winter: British Columbi~ northern Colorada and upstate N. Y. to Florida and Mexico, particularly
mid-Atlantic states.
Migration:
February-April, October-December; breeds
earlier than most other ducks.
Habitat: Favors prairie potholes and sloughs, freshwater in summer; almost any open fresh
water or sheltered marine waters in other
seasons.
Food: Cottam (427 stomachs) found 81% plant material
(pondweeds 30%, wild celery 9%, arrowhead
8%, wildrice 5%, sedges 6% and waterlilies
4%; animal matter 19% (mollusks 9%, insects
8%, fishes 2%); feeds to depth~ of 25 feet.
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Repr oducti on:
Breeding Age: First spring after hatching
Nesting: Over water, usually a few feet from shore,
nest usually contain eggs from other duck
species as well.
Nest: Made of clumps of interwoven reeds, cattails and
grasses, lined with down.
Season: April-June
·
Clutch Size: 7-12, usually about 9
Incubation:
22-28 days, entirely by female
Broods/Season: 1 , 1 replacement set (1 brood/season)
Young: First feathers replacing down at 5 weeks, 1st
flight at 63-77 days.
Bi r ds Fledged: Unknown
Longevity: Records: 10½, 19 (Kortright)
Natural Enemies: Common Crow eats eggs. Mink attack
nesting females and young. Botulism in summer
(mainly in West).
Population Status: Steadily declining because of (1)
over hunting, (2) botulism, (3) destruction
of breeding grounds by drainage and drought,
(4) ingestion of, lead shot. High CBC's
usually Md-N. Y. All-time high CBC was 91,000
at Susquehanna Flats, Mi., 1953; 1974 high was
15,400 at Long Pt., Ont., 84% less than 20
years earlier; Atlantic flyway population was
down only 23% from 20-year average in 1974;
19% of population winters in study area.
Economic Status: Most famous American game bird. Food
supplies of "wild celery" being diminished by
growing number of swans and carp which uproot the plants. Closed seasons for this
species occurred in 1973-1974 and appear
inevitable for several years at present rate
of decline. Cottam found 96 lead shot in a
single gizzard.
Lesser Scaup (Aythya affinisJ
Literature: Bent 1925
Cottam 1939
Errington 1964
Kortright 1942
Martin, Zim and Nelson 1951
Rogers and Korschgen 1966
Range: Northern interior of North America to Panama.
Breeding: Formerly southern Wisc., Iowa
Nebr.
to northwest Mont., coast of south Alaska,
east to Hudson Bay.
Winter: Mainly Md., southern Ill., northeastern
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Colo., southern British Columbia, south to
Panama and Lesser Antilles; Fla. has densest
population.
Migration: Arrives N. c. in October, Fla. in November;
leave~ Fla. in February, N. c. in March.
Habitat: Breeds on sloughs or lakeshores of tall grass
prairie, winters mainly in saltwater bays and
estuaries.
Food: Cottam reported on 1,051 stomachs, finding plants
were main food, animals only 40.5%, 507 were
taken in April, mainly in Wisc. where wild
rice was main food; Rogers and Korshgen examined 164 stomachs, 39 from Manitoba, 88 from
Ill.
{Mississippi River) and 37 from La. to
cover 3 seasons; animal food was 91% {mainly
scuds - Gammttl'US spp.) in Manitoba, -·93.5%
{86% molluscs) in Ill., and 64% {42% fish)
in La.
Reproduction: Pair before migration; incubation by
female
.
Breeding Age: Second spring, although plumage.is
adult 14-16 months.
Nesting: Probably non-territorial; has laid eggs in
nests of other species, but eggs of other
species have not been found in scaup nests.
Nest: On ground near water, us~ally concealed in clump
of tall grass, lined with dark down.
Season: Eggs 20 May-early August, later than other
ducks.
Incubation: 22-23 days.
Broods/Season: 1
Young: Precocial, downy
Brids Fledged: 4.4/nest {51 nests) under wet conditions;
0.3/nest {65 nests, 20 young in 3 broods)
under drought conditions {Errington)
Longevity: . At least 10 years .
Natural Enemies: Insignificant in study area.
Population Sta~us: Gradually declining; Fish and
Wildlife Service data indicate scaups {2
species) represent 60% of the total diving
duck population in the U.S. For the
Atlantic flyway scaups declined 9.4% in 1973
and 9.3% in 1974, and down 39.6% in 1973
from the 1963-1972 average.
In December, 1973,
Fl a . had 81~ of the scaups in the study area.
If complete state areas {N. c.-Fla.) were
included, the proportion in Fla. would be
much greater. Since the Greater Scaup
occurs only in small numbers in the southeast,
the data, especially in Fla., apply almost
entirely to the Lesser Scaup. The all-time
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high CBC for this duck was 200,000, at
Cocoa, Fla., 1964. High counts for 19711973, also at Cocoa, were 52,000-65,000.
It seems unlikely that the 200,000 record
will ever be broken. Cocoa had only 22,000
in 1974 likely due to a ~arm winter.
Economic Status: This most abundant diver is a
desirable target in northern states but
decreases in popularity southward; data
from Merritt Is. NWR, XII-73 showed a kill
of 350, only 0.08% of the average refuge
population; only the protected Redhead, at
0.04%, had a lower ratio; drainage in the
Great Plains has undoubtedly affected this
species.

Black Scoter (Oidemia nigra)
Literature: Bent 1925
Cottam 1939
Scott and Olson 1973
Range: Northern Alaska, Pacific coast to Baja Calif.,
east coast of Canada and U. S.
Breeding: North slope of ;Alaska, from Aleutians
north.
Winter: Coasts of Canada and U. S. from Aleutians
and Newfoundland south; more common in
southeast than other scoters.
Mjgration: February~March, October-December.
Habitat: Mainly marine, nests by freshwater lakes.
Food: Based on 124 stomachs: mollusks, 65% (bivalves
56%); crustaceans, 17% (barnacles, 9%),
insects, echinoderms, sea squirts and fishes,
7%; plants 10% (eelgrass, widgeon grass and
muskgrass); off New Hampshire (42 stomachs)
food was razor clams (SiZiqua 55%, blue
mussell, MytiZus 19%, and Arctic wedge clam
Mesodesma 23%), and no vegetation.
Reproduction: Male deserts female after eggs are laid.
Breeding Age: Second year, although plumage not
adult.
Nesting: Possibly territorial, nests scattered.
Nest: On ground, under evergreens or in grass tussocks;
of down mixed with dry vegetation.
Season: Eggs June 10-August 3.
Clutch Size: 6-10, probably 8
Incubation: Probably between 28-33 days.
Broods/Season: 1
Young: Precocial, downy
Birds Fledged: Unknown, average not over 5.
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Longevity: Unknown, likely 10 years
Natural Enemies: Likely mink, northern pike, gyrfalcons,
ravens and foxes in breeding grounds.
Population Status: In Atlantic Flyway, seoters are down
67% from 10-year average, with a decline of
22% from 1973; CBC data indicate Black Scoter
down 97% since 1964 in study area; this
species is rarest of the 3 scoters.
Economic Status: Sea ducks are little hunted, so declines are probably due to poor nesting success. However, a 112-day season with a 10
per day bag limit during the regular season
and 7 per day in the extra period would allow
a hunter to take 973 ducks in one season.
Black Scoter is considered most palatable of
the 3 scoters.
Red-breasted Merganser (Mergus serrator)
Literature: Bent 1923
Locke, et al. 1964'
Munro and Clemens 1939
Range: Arctic Ocean to Baja, Calif. and south Fla.
Breeding: Taiga and tundra, Great Lakes to Arctic
Ocean.
Winter: East and west coasts of U. S. and Baja Calif.;
on east coast, common to Merritt Is., Fla.
NWR.
Migration: March-April, October-December.
Habitat: Freshwater ponds and rivers in summer, saltwater in winter.
Food: Food in 130 stomachs, included minnows killifishes, sticklebacks, 34%; carp, suckers,
3%; commercial and game fish, 14%; unidentified fish remains 25%, crustaceans and
miscellaneous 23%; 112 stomachs examined in
·winter and spring in British Columbia; in a
river, ducks taken 18XII-14I contained only
salmon eggs; however, these were all opaque
"waste eggs 11 ; sculpins were the main freshwater food in late January-May; in the
ocean and estuary, sculpins and herring were
the main food.
Reproduction:
Breeding Age: Second year
Nesting: On ground, usually under dense conifer cover.
Nest: Hollow lined with gray down and breast feathers.
Season: Eggs probably May-June.
Clutch Size: Usually 8-10, rarely to 16.
Incubation: 26-28 days, entirely by female.

649

•
Broods/Season: 1
Young: Precocial, downy
Birds Fledged: Unknown, probably high since both
parents guard nest and young.
Longevity: Unknown, probably about 12 years.
Natural Enemies: Unknown, perhaps northern pike,
snapping turtles, mink, in swnmer; at least
50, and possibly over 100, died at Holly
Lake, Va. Beach, Va. 9XII62 as a result of
infection by larvae of EustrongyZides, a
nematode, obtained by eating mosquitofish and
silversides.
Population Status: Declined as much as 50% in last
two decades; however, high CBC was in 1958 .
Economic Status: A "10-point" species on last Federal
waterfowl limit, allowing up to 10 per day
to be shot. Merganser bag limits were up to
25/day only a few years ago; however, only
the most avid gunners shoot "fish-ducks".
Believed by fishermen to be detrimental to
salmon and trout, although studies indicate
otharwise.
7 . 6.4.

Diurnal Birds of Prey

Bald Eagle (HaZiaeetus ZeucocephaZusJ
Literature: Reilly 1968
Scott and Cutler 1973
Wetmore 1932
Range: Southern U. S. north to include most of
Canada below tundra area .
Breeding: Coast of Alaska, Fla . and East Coast to
Newfoundland, Gulf Coast, Miss. River, and
large northern lakes .
Winter: Grt;!at Lakes to r1e. r south to southern coasts
Migration: Contiguous U.S. and Canada breeders move
'to coasts and south to larger open waters,
September-October. Post-breeding migration
of Fla. population to Manitoba and Ontar.io,
Canada.
Habitat: Formerly more coastal in southeastern U. S.
Now-driven to freshwater areas of Fla. and
Atlantic coastal plain by development.
Food: Generally about 80% fish; remainder rabbits,
ducks, coots, and rodents; often eats
carrion.
Reproduction: Pair bond until death of mate.
Breeding Age: At least 3 years, possibly 5
Nesting: Probably not territorial
Nest: In large trees or on cliffs, added to
annually; an Ohio nest was used for 35 years.
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Season:

November-April, Fla. {December usual);
December-January in N. c.
Clutch Size: 1-4, usually 2.
Incubation:
34-35 days
First Flight: 72-75 days
Broods/Season: 1
Young: Altricial, downy
Birds Fledged: Of 65 Chesapeake Bay area nests active
in 1973, 23 were successful, with 39 young
fledged, a rate of 0.6. Hopefully, Fla. rates
are higher.
Longevity: At least 30 years.
Natural Enemies: Probably none in eastern U. s. while
bird remains healthy.
Population Status: Tremendously reduced, except in
Alaska; Merritt Is., Fla. population dropped
from ca. 100 nests to 12; adjacent area had
24 pairs in 1935, 5 in 1965. Reasons include
human disturbance, habitat loss and shooting.
Further north, chlorinated pesticides have
been the main cause of decline.
Economic Status: Declared Nation's emblem, June 20,
1782. Not protected by Federal law until
1940 {1952 in Alaska). Fines are relatively
minor and often not imposed. Even if longlived pesticides could be controlled, the
Southern Bald Eagle will likely continue to
decline because of coastal development.
Marsh Hawk (Ci~cus ayaneus)
Literature: Bent 1937
Craighead and Craighead 1956
Reilly 1968
Wray and Davis 1959
Range~
Breeding: Md. to Gulf of St. Lawrence west to Calif.
and north to Mackenzie and Yukon river deltas.
Nest in N . . c., 1936, eggs abandoned.
Winter: From lower Great Lakes and British Columbia
to northwestern South America and Greater
An tilles.
Migration: Mid-February to mid-May, September-November.
Habitat: Open areas, marshes, wet fields and prairies.
Food: Mainly mice and rats and other small mammals;
also lizards, snakes, birds, and insects.
Reproduction:
Breeding Age: Unknown, probably age 2
Nesting: Solitary
Nest: Of grass and sticks lined w~th feathers; some
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platforms added to year after year; nests
usually on ground.
Season: March-July
Clutch Size: 4-6, average 4.6 (5 nests), rarely
7-9, usually 5.
Incubation: 21-31 days (estimated) by both parents.
Broods/Season: 1
Young: Altricial, becoming downy; age at 1st flight
5-6 weeks--(30-35 days?).
Birds Fledged: Fledging mortality 30% from time of
leaving nest to August 1.
Longevity: Unknown, possibly 15 years.
Natural Enemies: Raccoons eat eggs, mink and foxes may
take young.
Population Status: Probably down by at least 30% since
all-time high CBC of 189 was set at Laguna
Atascosa NWR, Tex. in 1956; 1974 high was
212 at Freeport, Tex., a new all-time high.
Economic Status: The Marsh Hawk feeds largely on
rodents and is thus quite important to coastal
marsh ecology; species has undoubtedly suffered
from the "cash grain", agriculture of the
nation's "bread •basket"; the Marsh Hawk was
highly dependent on nesting in hay meadows.

Osprey (Pandion haliaetus)
Literature:

Ames 1966
Bent 1937
Henny and Ogden 1970
Henny and Van Velzen 1972
Peterson 1969
Wetmore 1932
Wray and Davis 1959
Range: Nearly cosmopolitan on coasts, large lakes and
rivers.
Breeding: In North America, north to Labrador and
Yukon Delta.
Winter: Mainly about 30°N to Brazil and Colombia, with
.
perhaps 1,000 in Fla.
Migration: February-April; September-November
Habitat: Coastal bays and estuaries in southeastern
U. S., also lakes and rivers in u. S. and
Canada.
Food: Almost entirely fish: menhaden, eels, mullet,
toadfish, rabbit fish, shad and carp in
eastern U. S .
Reproduction:
Breeding Age: Third year; 2-year olds return to natal
area, but do not lay eggs.
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Nesting:

Territoriality not apparent; probably loosely
colonial; 25 reported in½ mile of lower
York River, Va., in 1934 (Byrd, personal
communication).
Nest: Of sticks and flotsam, usually in tall pines;
increasingly on navigation aids and other
structures, added to annually.
Season: Eggs February-April, in Fla.; April-May in
N. C.

Clutch Size: 2 or 3, rarely 4.
Incubation: 28 days (Sprunt and Chamberlain 1970);
30-32 (Peterson 1969); 37 (Byrd, personal
communication), by female only, although
male will occasionally bring food to nest.
Broods/Season:
1, aithough relaying occurs if nest
is robbed early.
Young: Altricial downy, remain in nest about 8 weeks.
Birds Fledged: 1.22, Florida Bay (Henny and Ogden
1970); in Va., none in James River (5 nests);
0. 75 (344 nests), 1972; 0. 98 (445 nests),
1973; 1.7 nests on navigation aids (Byrd,
personal communication).
Longevity: Maximum near 30 years.
Natural Enemies: Few, since adults defend nest well;

crows and gulls could· take some eggs; Bald

.

'

Eagle robs adults of fish, but is now
reduced to ecological insignificance.
Population Status: Declining northward; active nests
in Conn. colony dropped from 71 in 1960 to
13 in 1965. Wisc., Mich. and N. J. populations dropped at least 18%/year in 1960's;
decreased in N. C. by 1,939 (Wray and Davis
1959). Now increased to about 425 nests in
N. C. and 300 in S. C. (Byrd, personal
communication).
Econqmic Status: Protected, considerable aesthetic
attraction, especially since eagles are now
rare. Nests zealously protected in most of
Chesapeake Bay. Fledge rate of 1.2 determined
necessary for stable population.
DDT, its
metabolites and PCB's are obvious causes of
poor hatching. Conn. eggs had double the
pesticide content of Md. eggs (Ames 1966).
If species survives, it may eventually
require erected platforms for nesting sites,
since increasingly scarce large pines are
soon killed by salt water and excrement from
the birds. Coast Guard is responsible for
saving large numbers of nests on navigation
markers.
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Peregrine Falcon (Falao peregrinus)
Literature: Enderson 1969
Hickey and Anderson 1969
Reilly, E. 1968
Range: Holarctic to southern South America, south
Africa, Tasmania and western Oceania;
migrant in tropics and many former breeding
areas.
Breeding: Formerly bred south to north Ga. and in
Rocky Mountains; now extirpated as a breeder
in eastern u. S., possibly in u. s. also;
recently bred in captivity at Cornell u.,
breeding in wild now mainly confined to
Arctic.
Winter: Mainly Fla. and southward; formerly north to
southwestern Canada, Great Lakes and New
England.
Habitat: Breeding in coastal or mountainous areas;
almost entirely coastal in winter.
Food: Mainly birds, pigeons (preferred) and starlings
when nesting or wintering in cities; shorebirds, doves and smaller ducks near water;
mammals and insects compose less than 16% of
diet.
Reproduction:
Breeding Age: Probably 2 years, although many seem
not to nest until age 3.
Nesting: Usually on high cliffs, formerly rarely in
trees.
Nest: In old nest of ravens or hawks, but several
recorded on skyscrapers.
Season: March-June.
Clutch Size: 2-7, usually 4.
Incubation:
30 days.
Broods/Season: l; up to 2 replacement layings south
. of Arctic.
Young: Altricial downy, fly at 5-7 weeks.
Birds Fledged: Unknown, probably 2-3.
Longevity: Up to 20 years; mortality 56% 1st year,
22% for yearlings, 19% for adults (Hickey
and Anderson); 68% 1st year, 27% thereafter,
based.on banding data (Enderson).
Natural Enemies: Unknown; likely few after fledging.
Population Status: Eastern u. s. breeding population
extinct, at least since 1964, when 133 former
eyries were vacant; extremely low on Nest
Coast; 1974 CBC high was 4.
Economic Status: Highly prized, and taken in sizeable
numbers until recently, for falconry; some
recently taken for research; unlikely to
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become extinct due to wide distribution and,
most important, ability to breed in captivity.
7.6.5.

Cranes, Limpkins, Rails, Gallinules and Coots

Limpkin (Aramus guarauna)
Literature: Bent 1926
Reilly 1968
Range: From southern Ga., Fla. and central Mexico
through the West Indies and Central America
to Colombia, Brazil, Argentina and Uruguay.
Breeding: Interior of the Fla. peninsula and southeast Ga. The breeding birds of West Indies
and Central America are subspecifically
distinct.
Winter: Wanders slightly in Fla.
Migration: Non-migratory; cas~al record to S. C.
Habitat: Freshwater marshes and river banks preferred.
Food: Mostly animal food - mollusks, crustaceans,
frogs, lizards, aquatic insects (mainly
snails of · the genus Ampuiiaria).
Reproduction:
Breeding Age: Unknown, probably 1 year.
Nesting: Now solitary, perhaps once loosely colonial.
Nest: A dense mass of reeds and grasses interwoven
with growing plants in shallow water.
Season: January-August.
Clutch Size: 4-8, commonly 5-6.
Incubation: Period unknown; both sexes active.
Broods/Season: Probably one.
Young:
Leave nest on day hatched; age at 1st flight
unknown.
Birds Fledged: Unknown, probably seldom over 3.
Longevity: Unknown, possibly 15 years.
Natural Enemies: Unknown, probably raccoons, feral
pigs, bobcats, Great-horned Owl. Crows and
grackles likely take some eggs.
Population Status: Area available for breeding has
undoubtedly shrunk, but all-time high CBC
of 94 was set at St. Marks, Fla. in 1973.
Economic Status: Encroaching civilization, particularly
drainage of swamps and marshes, has constricted
the species into ever smaller areas. Species
is one of several Fla. birds particularly
sought by bird watchers and others because
of its weird cry.
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Clapper Rail (Raiius iongirostris)
Literature: Bent 1926
Martin, Zim and Nelson 1951
Reilly 1968
Sprunt 1954
Sprunt and Chamberlain 1949
Range: Conn. to southeast Brazil; lower Colorado River
and Valley of Mexico, Calif. to Peru.
Breeding: Throughout range.
Winter : Most of range, except north end on
Atlantic coast, increasing southward,
especially in northern Fla.
Migration : March-April, October-November.
Habitat: Salt and brackish water marshes, rarely in
fresh.
Food: 260 stomachs contained 96% animal matter, mainly
crabs, shrimps, mollusks, aquatic insects,
small fish and polychaetes. Plant food 11%
in winter, less than 3% rest of year.
Reproduction:
·
Breeding Age: Unknown, likely end of first year.
Nesting: Solitary
Nest: Dead stems of water plants; rim of nest 6-8
inches above water, also woven in rushes
above water .
Season: Summer
Clutch Size:
6-14, usually 9-12
Incubation: 21-23 days.
Broods/Season: 2 or more.
Young: Precocial, downy, reach full growth and
development 50 days after hatching.
Birds Fledged: Unknown, probably about seven.
Longevity: Unknown, probably less than 10 years.
Natural Enemies: Raccoons, mink; but mainly storm
tides; 15,000 killed by hurricane, 1940 in S.C.
some hawk and owl predation in winter;
crabs eat eggs.
Population Status: Stable; all-time high CBC of 692 in
1973 at Jacksonville, Fla. likely due to
previously unparalled salt marsh coverage.
Earlier record of 400 set at same site in
1972.
Economic Status: Clapper Rail increased with the
advent of hunting seasons and the end of
egging; it i~ now probably stable but such
an ungainly bird is unable to cope with
technology; hundreds may die on roads and in
cities along the coast during migration;
hunted by small group of gunners who may
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easily bag limit on a rail tide; enjoyed and
protected by numerous shore dwellers on bays
and estuaries; wetlands protection will
greatly aid all rails.
American Coot (Fulica americana)
Literature: Bent 1926
· Rand 1956
Reilly 1968
Teulings 1972
Range:
Breeding: From British Columbia, North Saskatchewan,
and St. Lawrence River to Md., Ill., Tex. and
Ecuador, West Indies and Hawaii; nested at
Raccoon Key; Ga., 1971.
Winter: From southern British Columbia to Panama,
Greater Antilles and Bahamas.
Migration: March through May, September through
November.
.
Habitat: Estuaries, bays (winter), freshwater lakes,
ponds and marshes; also fields and meadows.
Food: Omnivorous; all types of plant matter; also small
fish, tadpoles, snails, worms, water bugs,
insects and their aquatic larvae.
Reproduction:
Breeding Age: Possibly 1 year.
Nesting: Colonial
Nest: Floating structure of dead reeds, grasses and
decayed vegetation among reeds.
Season: April-August
Clutch Size: 6-22, usually 8-12.
Incubation: 21-24 days
Broods/Season: 1
Young: Precocial, downy; fly at 7-8 weeks.
Birds Fledged: Unknown, probably about 6.
Longevity: Unknown, probably about 8 years.
Natural Enemies: Bald Eagle, mink, foxes and raccoons.
Population Status: Somewhat decreased due to drying
up of plains, but not as much so as ducks
have been. However, high CBC of 130,000 was
set in 1950 at Reel f oot Lake, Tenn. Merritt
Is. had 45,300 in 1973; 66,970 in 1974.
Economic Status: Hunted, but not very enthusiastically;
"mud hens" are not the most delectable wild
f owl.
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7.6.6.

Shor ebirds

American Oystercatcher (Haematopus ralliatus)
Literature: Bent 1929
Reilly 1968
Sprunt and Chanberlain 1970
Range:
Breeding: Along coast locally, Va. to Tex.; also
Baja, Calif. to northern Chile.
Winter: Mainly year round resident , but on Atlantic
coast, northern birds withdraw to N. C.
Migration: Gradual withdrawal to N. C. and south, no
obvious migration.
Habitat: Marine coasts, tidal zones and beaches.
Food: Oysters and other bivalve mollusks, sea urchins,
crustaceans and worms.
Repr o d uc t ion:
Breeding Age: Unknown, likely age 2
Nesting: Solitary
Nest: Slight depression in sand, occasionally lined
with bits o f shells.
Season: March- June
Clutch Size: 2 - 4, usually 3
Incubation: 24-25 days
Broods/Season: 1
Young: Precocial downy; fly at 34-37 days.
Birds Fledged: Unknown, probably low due to high
water primarily, also gull and crow losses.
Longevity: Unknown, probably at least 10 years.
Natural Enemies: Aside from predation on eggs and young
by gulls, crows and raccoons, probably few.
Population Status: Probably increasing, high CBC of
8,000+ set in S . c . , 197li in the gunner's
heyday, the Oystercatcher survived by being
very wary of man, never, as Bent said coming
within gunshot range, even though its nest
was threatened. I~ believed Audubon was
mistaken in saying it bred in Labrador.
However, it now breeds in New England, from
whence it was extirpated over a century ago.
Economic Status: A spectacular species which delights
nature lov ers by its contrasting colors and
loud cri es .
It is still wild, but less so
than it was a century ago. Predation on
oysters evidentl y not serious.

.I

Pip ing Plover (Charadrius melodus)
Lite ratu re: Bent 1929
Reilly 1968
Stou t, e t a l. 19 6 7
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Range:
Breeding:

Southern Canada to N. Dakota, sorith to
southeastern S. Dakota, southern shores of
Great Lakes, along Atlantic coast from
Newfoundland to Beaufort, N. C.
Winter: Atlantic coast of U.S. from S. C. to Tex.,
especially Fla., rarely in Bahamas and
Greater Antilles.
Migration: Goes south in mid-July, north in March.
Habitat: Lake shores and sandy marine beaches.
Food: Marine worms, fly larvae, other insects,
crustaceans, other small marine animals
and their eggs.
Reproduction:
Breeding Age: Probaply age 1.
Nesting: Solitary
Nest: A hollow in the sand occasionally lined with
pebbles, pieces of shell and driftwood.
Season: May-July
Clutch Size: 3-5, usually 4 •
Incubation: 27-31 days
Broods/Season: 1 or 2
Young: Precocial, downy; age of 1st flight 30-35 days.
Birds Fledged: Unknown, probably less than 3.
Longevity: Unknown, probably about 8 years.
Natural Enemeis: Crows, probably gulls.
Population Status: Greatly decreased, nearing endangered
species status due to habitat loss. Probably
decreased about 65% since its all-time high
CBC (set in 1952); 1974 high was 27 at
Pawleys Is., S. C., 7% of 1952 high.
Economic Status: The Piping Plover seems to epitomize
the sand dune and beach habitat, with its
solitary habits, broken color pattern and
piping call. However, those who will miss
it most may be most apt to "love it to death."
Snowy Plover (Charadrius alexandrinus)
Literature: Bent 1929
Reilly 1968
Range: Western United States and Gulf Coast, West
Indies and Central and South America.
Breeding: South to Baja Calif.; occasional on
east coast of Fla . ; east on Gulf Coast to
southern Fla. and Cuba; in the West, north
to south Kans., Utah and Wash.
Winter: On coasts, in East on Gulf Coast, mainly
Fla.
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Migration: March-May, September-December.
Habitat: Prefers broad expanses of dry sand beaches.
Food: Small crustaceans, marine worms or other minute
marine organisms inland; insects (especially
flies and beetles).
Reproduction :
Breeding Age: Approximately 1 year.
Nesting: Several nests made, but only 1 used.
Nest: On coasts, a slight depression in the sand,
lined with broken shells or fish bones;
eggs very close together and half buried.
Season: April-July
Clutch Size: Usually 3, often only 2.
Incubation: Both sexes active; 24 days
Broods/Sea~on: Possibly 2, but not proven
Young: Precocial, downy, age at first flight unknown.
Birds Fledged: Probably less than 2.
Longevity: Unknown, few probably exceed 8 years.
Natural Enemies: Probably Fish Crows, Boat-tailed
Grackles, raccoons and snakes (rarely); also
hurricane tides. On western plains nesting
grounds, predators would likely be mammals
and falcons.
Population Status:
"In trouble everywhere except in
the Southern Pacific Coast Region" (Arbib
1973). Highest CBC's usually at Santa
Barbara, Calif. (all time high 247 in 1967;
159 in 1974)
Economic Status: Ecological counterpart of east
coast Piping Plover. Decrease due to beach
development and possibly habitat changes on
western plains.
Wilson's Plover (Charadrius wilsonia)
Literature: Bent 1929
Rand 1956
Reilly 1968
Sprunt and Chamberlain 1949
Range:
Breeding: Along coasts from southern N. J. to
southern Fla., northern South Ame.ricn ane
West Indies; also Baja Calif. to Peru.
Winter: S. C. to central Brazil on Atlantic coast.
Migration: Moves south in October and returns in
March-April.
Habitat: Beaches, sand spits, bars, mud flats and
islets.
Food: Small mollusks, polychaete worms, crabs,
shrimp, scallops, ants, beetles, spiders,
and flies.
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Reproduction :
,..
Breeding Age: Unknown, probably 1 year.
Nesting: Solitary
Nest: Depression in sand, often surrounded by
pieces of shell, frequently at washover
areas.
Season: April-July
Clutch Size: 2-4, u sually 3
Incubation: 24-25 days
Broods/Season: 1
Young: Downy, precocial, age.of first flight unknown.
Birds Fledged: Unknown, probably little over two.
Longevity:
Unknown, perhaps about 8 years.
Natural Enemies: Unknown; crows and gulls probably eat
the eggs.
Population Status: Possibly decreased as much as 40%
since CBC high of 165 at St. Petersburg, Fla.
in 1942: the 1974 high was 107 at Bradenton,
Fla.
Economic Status: Human disturbance is apt to make
continued inroads on the breeding activity
of this species: usually nests in low places
accessible to beach buggies, where these are
not excluded.
Black-be llied Plover ( s quata~ola squata~ola)
Literature: Bent 1929
Rei lly 1 968
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•

•
Range:
Breeding: Arctic tundra, circumpolar
Winter: On islands and continents in the north
temperate to the south temperate regions.
Migration: In small flocks; moves across country and
along seacoasts; March to mid-June, JulyNovember.
Habitat: Nesting--tundra; winter--mud flats, ocean
beaches, marshes, sloughs.
Food: Crustaceans, small molluscs, marine insects and
worms.
Reproducti o n :
Breeding Age: Unknown, probably age 1
Nesting: Solitary
Nest: Six-inch depression on ground in tundra moss
lined with bits of dead leaves, grasses
or moss.
Season: May-July
Clutch Size: 3-4, usually 4

Incubation:

•

•
•

23 days

Broods/Season: 1
Young: Precocial downy, age at first flight unknown
Birds Fledged: Unknown
Longevity: Unknown, probably about 12 years
Natural Enemies: Arctic predators
Population Status: CBC high set in 1964; southeastern
coast data indicate a stable population.
Economic Status: One of most common beach birds,
possibly hunted in some tropical areas.

•
•
•
•
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Ruddy Turnstone (Arenaria interpres)
Literature: Bent 1929
Reilly 1968
Stout, et al. 1967
Range:
Breeding: Circumpolar (Arctic)
Winter: Cosmopolitan, coastal
Migration: March-June, July-October .
Habitat: Marine shores, mudflats to surf-beaten
rocks .
Food: Insects, crustaceans, small mollusks and some
berries, seeds and seaweeds.
Reproduction: Both sexes incubate eggs
Breeding Age: Not before second year, does not breed
every year.
Nesting: Solitary
Nest: Depression in ground-lined with a few withered
leaves.
Season: Late May ~hrough early July
Clutch Size:
3-5, usually 4
Incubation:
21-23 days
Broods/Season:
1
Young: Downy, precocial; fly' at 24-26 days.
Birds Fledged: Unknown
Longevity: Unknown, probably at least 10 years.
Natural Enemies: Several Arctic predators in breeding
season.
Population Status: Probably stable; CBC data indicate
possible slight decrease, but all-time high
of 640 was set in 1968 at Jacksonville, Fla.
where the national high was 433 in 1974.
Economic Status: Attractive because of pied plumage,
as well as shell-flipping and stone-moving
habits.
Willet (Catoptrophorus semipalmatus)
Literature: Bent 1929
Reilly 1968
Range: Nova Scotia to Brazil; lower Manitoba and
Saskatchewan to Peru.
Breeding: Nova Scotia to Greater Antilles and
Prairie Provinces to northeastern Calif.
to Mexico and Gulf Coast.
Winter: Atlantic coast from Maryland south and
Gulf Coast.
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Migration:

Great Plains population uses Mississippi
and Atlantic flyways; April-May, AugustOctober; inland birds use Mississippi
flyway more in spring.
Habitat: Summer: Sea coasts and plains, lakes;
Winter: Salt marshes.
Food: Crustaceans, marine worms, small mollusks, and
fish; also roots and seeds of grasses.
Reproduction:
Breeding Age: About 1 year
Nesting:
Solitary, nests are usually at least 200
feet apart, less in optimal areas.
Nest: Grass-lined depressions on dunes or spoil
banks; structured of reeds and grass in
marshes.
Season: March-July
Clutch Size: 4 rarely 5
Incubation: 21-29 days
Broods/Season: 1
Young: Precocial, downy, age of. first flight unknown,
probably ca. 3 weeks.
Birds Fledged: Unknown, but probably near 3.
LQngevity: Unknown, possibly to 10 years.
Natural Enemies: Fish Crow, mink; . loss to high water
probably small.
•
Population Status: Probably increasing on East Coast;
but since high CBC was in 1956, 20,800 at
Laguna Atascosa NWR, Tex., and 1974 high
at Hayward, Calif., was 5,320, 'a considerable
reduction of the western population may have
occurred.
Economic Status: Protected; enjoyed by beachcombers
and birders all year on southeast coast.
Dunlin (E~olia alpina)
Literature: Bent 1927
Palmer 1962
Range: Arctic circumpolar, tundra, rarely south to
subtropics.
Breeding: In North America: Point Barrow, Alaska;
Mackenzie and Keewatin
(not Arctic Is.);
south to include much of Hudson Bay shore;
coastal range seems small for size of
population . .
Winter: In New World, mainly in U.S.: N. J. south
to central Fla. and Gulf Coast, Wash. to
Baja Calif.
Migration:
April-May, July-September
Habitat: Wet tundra in summer; sand-mud flats in
winter.
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Food:

Mostly midge and cranefly larvae in tundra;
small crustaceans, mollusks and polychaetes
when on beaches and flats.
Reproduction: Pairing probably on breeding grounds.
Breeding Age: Evidently at end of 2nd year.
Nesting: Loosely colonial
Nest: Grass stems lined with tiny leaves of berry
plants.
Season: Eggs May 26-July 3. ·
Clutch Size: 4
Incubation: 22 days, by both parents
Broods/Season: 1
Young: Precocial, downy; fly at about 28 days.
Birds Fledged: Probably at least 3
Longevity: Unknown, probably 10 years.
Natural Enemies: Usual Arctic predators.
Population Status: Stable or increasing; set a high
CBC of 35,000 in British Columbia in 1970.
Wintering in the U.S. and Canada probably
favors this species.
Economic Status: Once shot in tremendous quantities,
an Army officer having killed 95 in one
shot, the "red-backed sandpiper" has greatly
increased in this century. Due to its
winter abundance and spring colors, it is
possibly better known than any other shorebird except the Killdeer.
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Semipalmated Sandpiper (Ereunetes pusillus)
Literature: Palmer 1967
Townsend 1927
Range: . North to northeast Siberia and Arctic Is. of North
Americ~ south to include warmer coasts of South
America.
Breeding: Baffin and Southampton Is. west to Mackenzie
Delta and Arctic Alaska; south to James Bay and
above tree line to Yukon River.
Winter: S. C. to Texas, along coast south to Paraguay
and northern Chile.
Migration: Nocturnal; April-June, August-October
Habitat: Sedges and grass bogs for breeding; mud and
sand flats during rest of year.
Food: Dipteran larvae, pupae and adu+ts high in some
stomachs; beetles, snails (including small
Littorina), worms and amphipods.
Reproduction: Eggs incubated by both sexes.
Breeding Age: Unknown, possibly 2nd year.
Nesting: Solitary
Nest: Scrape lined with grass, moss and dry leaves.
Season: Eggs June 2-July 24.
Clutch Size: 4
Incubation: 17-19 days.
Broods/Season: 1
Young: Precocial, downy; abandoned by parents before
flying, probably fly by 2 weeks after hatching.
Birds Fleclged: Unknown, probably near 3.
Longevity: Unknown, probably about 8 years.
Natural Enemies: Jaegers, skuas, ravens, owls and foxes
on nesting grounds; few in winter with near
disappearance of the peregrine.
Population Status: Probably most abundant North American
shorebird; estimated 75,000 seen in Delaware 24VG4;
may be decreasing; high CBC (52,000), set in 1951
at Coot Bay, Fla. all-time high CBC for any shorebird; 1974 high count was G,000 at Tampa, Fla.
Economic Status: Heavily shot at turn of century; now
enjoyed by increasing numbers of beach visitors,
who probably benefit by the insectivorous feeding
of this "peep"; habitat possibly being destroyed
faster than created by dredging, filling behind
bulkheading and heavy human use.
Sanderling (Croaethia alba)
Literature: Bent 1927
Reilly 1968
Stout, et al. 1967
Range: Circumpolar Arctic islands and coasts to much of
southern hemisphere in winter.
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Breeding: Breeds on northernmost islands and beaches;
nonbreeders on northern hemisphere beaches south
to Venezuela.
Winter: To southern South America, South Africa,
Hawaii and Australia.
Uigration: Uarch-I1ay, August-October; on southeastern
U.S. beaches year round.
Habitat: Barren high Arctic uplands in summer; saltwater
avoided then; in winter, surf-swept ocean beaches
and sand flats.
Food: Amphipods, small mollusks, ostracods, polychaetes,
and fly larvae; plant buds and insects in Arctic.
Reproduction: Pairs on breeding ground.
Breeding Age: Likely at age 2.
Nesting: Solitary
Nest: Shallow depression, lined with dried vegetation.
Season: Eggs 18 June-15 July.
Clutch Size: 3-4, normally 4
Incubation: 23-24 days; usual_ly by female, sometimes
male.
Broods/Season: 1
Young: Precocial, downy; fly at 12-14 days.
Birds Fledged: Unknown, but apparently high.
Longevity: Unknown

Natural Enemies:

Ravens, skuas and Arctic foxes in

summer, possibly gyrfalcons.
Population Status: Stable, or even increasing in study
area although high CBC was set in 1945 in Washington,
when 11 times as many were recorded as in the 1974
high.
Economic Status: Undoubtedly the most often seen shorebird and thus a considerable attraction to beachcombers.
Black-necked Stilt (Hima n topus mexi aa n us)
Literatu~e: Bent 1927
Reilly 1968
Sprunt 1954
Wetmore 1925
Range:
Breeding: Southern Oregon inland to Gulf coast of
Tex. and south to coast of Equador and Galapagos
Is., also Del., N. c., s. c., Fla., West Indies
and South Amer ica.
Winter: Retreats to southern Calif. and points south .
Migration: March-April; October-early November; tropical
species, retreating in winter .
Habitat: l~esting: I1arshes, shallow-water lakes and ponds
0
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alkaline or fresh; also mud flats, especially
intertidal ones; non-breeding habitat essentially
same.
Food: Analysis of 80 stomachs from Calif., Utah, Fla.,
and Puerto Rico {Wetmore 1925) give animal matter
98.9%; insects {approximately 86%) mainly aquatic
Hemiptera 35% and Coleoptera 32.4%; mollusks
7.9%, and fish 3.2%; crayfish occurred in 8 stomachs.
Reproduction:
Breeding Age: Probably end of 2nd year.
Nesting: Colonial
Nest: Frail structure of stems and grass over water,
or mere grasslined hollow or depression lined with
pieces of shell, sticks and fish bones.
Season: April-July
Clutch Size:
3-7, usually 4
Incubation: 21 days
Broods/Season: 1
Young: Precocial dowrv; can leave nest within hour of
hatching.
Birds Fledged: Unknown, probably less than 4
Longevity: Probably about 12 years.
Natural Enemies: Unknown, probably raccoons and fish
crows.
Population Status: Unknown, but rang~ expanding on
Atlantic coast.
Economic Status: Almost entirely insectivorous; a
very strikingly marked bird.
Red Phalarope (Phal,aropus ful,icarius)
Literature: Bent 1927
Peterson 1934
Reed 1904
Reilly 1968
Stout, et al. 1967
Range: Circumpolar
Breeding: Arctic coasts and islands
Winter: Mainly oceanic, in upwelling areas near shelf
edge, to off South America and southern Africa.;
often common at favored sites off Massachusetts to
Cape Canaveral, Fla.
Migration: Last shorebird to leave Arctic; N. C.:
Morehead City, 19 August (2): Cape Hatteras, 4
September {88); Fla.: Mayport, 9 September {100),
off Port Canaveral, 2 August (8): 5 September {500).
Habitat: Breeds on Arctic tundra near coast; winters in
all oceans except Antarctic in rich waters.
Food: Summer: Beetles, flies, crustaceans and sculpins.
Winter: Plankton, mainly crustaceans, some jellyfishes; known to feed in wake of whales and on
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whale skin parasites.
Reproduction:
Breeding Age: Probably at age 1
Nesting: Semi-colonial
l~est: Built by male; shallow scrape in ground,
grass tussocks or moss; lined with fine grasses.
Season: Uay 25-July 13 (152 nests), June 14-30 (76
nests)
Clutch Size:- 3-6, commonly 4
Incubation: 23-24 days, by male only
Broods/Season: 1
Young: Precocial, downy, fly early
Birds Fledged: Unknown, probably 2-3
Longevity: Unknown
Natural Enemies: Jaegers, gulls, gyrfalcons
Population Status: Population probably stable; high
CBC (2,500) set in 1950 at Cape Ann, Hass.; 1973
high (1,200) at Monterey, Calif.; winter enemies
and mortality unknown.
Economic Status: Never much hunted except on breeding
grounds where Eskimos considered it the "choicest
food"; boys took them with bow and arrow; although
Audubon killed 17 with one shot near Louisville,
Ky., the "gray" phalarope usually stays well
offshore, which makes it much prized by bird
watchers.

,.

Northern Phalarope (Lobipes Zobatus)
Literature: Bent 1927
Palmer 1967
Wetmore 1925
Range: Circumpolar sub-Arctic in summer; pelagic in
winter off Peru, Patagonia and western Africa;
also Indian Ocean and South China Sea.
Breeding: In North America: Point Barrow, Alaska to
Greenland and Labrador; south to western Quebec,
nurthern Manitoba and Riska, Alaska.
Winter: At sea off South America.
Uigration: I1arch-11ay, August-October. Huge concentrations
in Bay of Fundy, May and August.
Habitat: Breeds on wet tundra near pools; on fresh or
salt water during migration; at sea in winter.
Food:
(155 stomachs) flies and mosquito larvae, 33%
water boatmen and backswimmers, 32%; beetles
16.5% and crustaceans 9%, remainder invertebrates
and few small fishes.
Reproduction: Female selects territory.
Breeding Age: Probably in second year; cold t·1 eather
may prevent breeding .
Nesting: Solitary.
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Nest: Cup sunk in tundra moss or grass tussock and
lined with grass.
Season: Canada, June 16-July 1.
Clutch Size: Usually 4.
Incubation: By male, about 20 days.
Broods/Season: 1
Young: Precocial, downy; fly at less than 3 weeks .
Birds Fledged: Unknown, probably less than 3.
Longevity: Unknown, likely less than 10 years.
Natural Enemies: Usual predators on tundra; many
evidently taken by fishes at sea; others may perish
in severe storms.
Population Status: Difficult to determine because of
offshore range and lack of Arctic censuses; possibly
decreasing, high CBC was in 1960.
Economic Status: Seldom seen because of habitat, but
sought after by birders. Propensity to alight on
slicks to feed could be highly detrimental if slick
were of petroleum origin.
Pomarine Jaeger (Steraorarius pomarinus)
Literature: Bent 1921
Reilly 1968

Shackleton and Stokes 1968

Range:
Breeding: Northern parts of Northern Hemisphere.
Winter: At sea, mainly North Atlantic, occurs south of
equator, straggles to western Mediterranean; rare,
North Pacific.
Migration: April-June, August-December
Habitat: Tundra in summer, open seas and along coasts
in non-breeding seasons.
Food: Fish, squids, etc. which the jaeger forces gulls
and terns to disgorge in flight. Food is usually
caught in mid-air. On breeding grounds it may
eat lemmings, small birds and insects; also
eats eggs and young of other birds, especially
gulls and small mammals.
Repro~uction:
Breeding Age: Approximately 3-4
Nesting: Colonial
Nest: Slight depression formed at crest of some slight
elevation on tundra; lining probably windblown
debris.
Season: May-June
Clutch Size: 2, occasionally 3
Incubation: Around 27-20 days
Broods/Season: 1
Young: Altricial downy; age at first flight, 5 to 6
weeks.
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Birds Fledged: Unknown, probably above 2.
Longevity: Unknown, probably over 20 years.
Natural Enemies: Arctic predators on nest grounds,
possibly large fish at sea.
Population Status: Unknown, probably stable.
Increasingly seen, along with 3 other skuas, off
N. C.

Economic Status: A rather scarce species interesting to
watch in its harrassing of terns and gulls.
7.6.7. Seabirds
Great Black-backed Gull (Larus marinus)
Literature: Bent 1921
Fisher and Lockley 1954
Forbush 1939
Grosvenor and Wetmore 1932
r1ansueti 1961
Peterson 1934
Reilly 1968
Range: Atlantic boreal zone south to Fla. and eastern
Gulf Coast.
Breeding: Coasts and islands of northeastern North
America and Europe; Greenland south to Oregon
Inlet, N. C.

Winter:

Regular on coast of U.· s. from Maine to New

Jersey; more rarely north to southern Greenland and
south to northern Fla. and Bermuda. Occasional
on Great Lakes.
Migration: March-June, September-December. Juveniles
winter further south.
Habitat: Beaches, harbors with fishing industry; garbage
dumps; tidal rivers.
Food: Fish (dead and alive); eggs or young of other birds
in summer. Occasionally adults of other birds
(e.g. small ducks); small mammals, shellfish,
crustaceans, carrion, garbage; drops Shells from
'great heights to break them.
Reproduction:
Breeding Age:
3
Nesting: Colonial; faithful to old nesting sites.
Nest: In colonies on islands; on earth or rocks,
occasionally in vegetation; well made structure
of seaweeds , grasses and sticks.
Season: March-May.
Clutch Size: Usually 3, occasionally 2.
Incubation:
26 days - by both sexes
Broods/Season: 1
Young: Age at first flight 7-8 weeks.
Birds Fledged: Less than l; about SO days to fledging.
Longevity: r1aximum probably at least 40 years.
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Natural Enemies: Other gulls, jaegers, skuas, dogs and
foxes; extreme flooding during nesting season.
Population Status; Bent gave its southern breeding
limit as Nova Scotia; Peterson put it at Long
Island (rarely). Now it nests to Oregon Inlet,
I~. C.
In the study area, it appears to have
increased 10-fold in as many years during
winter. However, the increase has occurred almost
entirely in N. C. All-time high CBC was at
Staten Island, N. Y. (10,625) in 1970).
Economic Status: Young once fattened to eat in Labrador.
Now rarely killed by man and greatly benefited
by garbage and seafood waste. As wastes are more
recycled, the long-lived gulls may prey on eggs
and young of other seabirds more often.
Herring Gull (Larus argentatus)
Literature: Dent 1921
Heppner and Gould 1973
Fisher and Lockley 1954
Peterson 1934
Reilly 1968
Range: North America and Europe
Breeding: Arctic coasts from northern Eurasia, Iceland,
and northern North America; south on inland lakes
to southern Alaska, southern British Columbia,
Great Lakes, Gulf of St. Lawrence, Atlantic coast to
Oregon Inlet, N. C.
Winter: In America, southern Alaska, Great Lakes and
Labrador to Barbados and Panama.
11igration:. 1 August-October, Uarch-June
Habitat: L arger lakes, rivers, bays, oceans and
garbage heaps.
Food: nainly a scavenger, eating fish, clams broken
by dropping from heights; other invertebrates,
including starfish; rodents,and the eggs and young
of other seabirds.
Reproduction:
Breeding Age: 3 to 4, possibly 5
Nesting: Normally loosely colonial
Nest: Usually on islands on ground among scattered
vegetation. Nest comprised of seaweed, grasses,
maritime plants, lichens, etc., above high water
marks; occasionally on shores of inland bodies of
water.
Season: May-August
Clutch Size: 3, occasionally 1, 4, or 5
Incubation: 24-28 days; usually 26; incubation by both
parents (female does larger part); after eggs are
laid, one parent is always present.
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Broods/Season: 1 (birds keep laying when nests are
robbed.
Young: Downy, born with eyes open. Age at first
flight--about 6 weeks. Hide or swim away soon after
hatching.
Birds Fledged: Average less than 1 per breeding pair;
fledging takes about 42 days; Kent Is., 1947
less than 1 fledgling/nesting pair.
Longevity: Records of up to 25 years in the wild; one
record of 40 years; mortality rate: 60% 1st year.,
27% later years (estimate).
Natural Enemies: Other gulls, jaegers, skua, also dogs,
foxes, otters, and raccoons; flooding of nests
and young (rare).
Population Status: Greatly increased in study area,
particularly in N;, .C. All-time CBC high of
135,600 was at Brooklyn, N. Y. in 1971. Coastal
range still increasing. Bent recorded it south
to Penobscot, He. in his text, but to Martha's
Vineyard in a footnote. Peterson reported it at
Long Island. It .now . nests . regularly in N. c.
Economic Status: Devours dead aquatic animals and
waste food.
Eggs, young, and feathers of adults
were once gathered for food and hats. Audubon

Society promoted protective legislation which soon
led to an overabundance.

Ring-billed Gull (Larus delawarensis)
Literature: Bent 1921
Reilly 1968
Shackleton and Stokes 1968
Range: Southern Labrador-west to Great Slave Lake,
central Mackenzie and southern Alaska; south to
Oaxaca, Mexico and Cuba.
Breeding: Northern limit south to northern N. Y.,
Georgian Bay, Ontario, northern N. C., Great Salt
Lake and southern Oregon.
Winter: Hass., Great Lakes, Colo., and British
Columbia south to southern limit.
l1igration: March-April; September-November; abundant
in Fla. all year due to nonbreeders.
Habitat: Lakes, rivers, seacoasts, and estuaries;
usually breeds on islands of large freshwater
lakes.
Food: Worms, grasshoppers, flying ants, other insects,
fiddler crabs, field mice and other small rodents,
eggs of other birds; fish stolen from other birds
and refuse.
Reproduction:
Breeding Age: 2 or 3 years
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Nesting: Colonial
Nest: Dried grasses and weeds, occasionally with
small sticks and lined with finer grasses.
Season: Early nay-late June
Clutch Size: 2-4, usually 3
Incubation: About 21 days
Broods/Season: 1
Young: Downy, stay in nest a few days before running
about near nest.
Birds Fledged: Unknown, likely between 2 and 3.
Longevity: At least 12 years
Natural Enemies: Apparentl y none, since it nests on
islands.
Population Status: Reported declining in Great Lakes
area; highest CBC set in 1960; 170,000 at Presque
Isle, Pa.; 1973 high, also on Lake Erie, was
18,300; latest reports from Great Plains breeding
areas indicate continued loss of nesting habitat.
Economic Status: Known as agricultural gull; also
prominent at garbage dumps; more efficient harvesting of crops and elimination of open dumps may
affect this gull more than others.
Laughing Gull (Larus atriailla)
Literature: Bent 1921
Reilly 1968
Shackelton and Stokes 1968
Range:
Breeding: Nova Scotia to Yucatan, also Venezuela,
West Indies and Salton Sea, Calif.; nonbreeders
to Great Lakes and Nova Scotia.
Winter: Few stragglers stay north; most move south,
a few as far as Peru.
I1igration: Uid-rtarch to late April, mid-September to
November (see below).
Habitat: Sea coasts, bays and salt marshes; occasionally
inland.
Food: Itostly small fish such as anchovies and silversides; steals from Brown Pelican in its range,
scavenges beaches and sometimes eats eggs and young
of other seabirds.
Reproduction:
Breeding Age: About 1 year
Nesting: Colonial
Hest: Built of grasses, seaweed and sticks among dense
vegetation, or may be a mere hollow in the sand,
lacking concealment.
Season: April-July, depending on latitude.
Clutch Size: 2-5, usually 3
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Incuuation: ALout 20 days
Broods/Season: 1
Young: Downy, stay in nest a few days, then run and
swim.
Birds Fledged: Unknown
Longevity: Unknown, probably near 20 years
Natural Enemies: Herring Gull where ranges overlap.
Population Status: Stable, possibly increasing;
although greatly decreased in Maine because of
gulls and to a lesser extent, sheep grazing;
highest CBC was in South Brevard Co., Fla. in
1972, a fantastic 30,000 migrating south, only
455 were there in 1974 while 25,000 were at
St. Petersburg.
Economic Status: Fish-eating habits probably of little
conflict with man's fish needs; in Florida, this
handsome gull is attracted very near by tidbits
tossed to it.
Gull-billed Tern (Gelochelidon nilotica)
Literature: Bent 1921
Reilly 1968
Shackleton and Stokes 1968 .
Sprunt and Chamberlain 1949
Range: Almost world wide in warmer waters.
Breeding: Formerly north to U. J., now !1d. to Bahamas
and Cuba, formerly Lake Okeechobee.
ivinter: Fla. and Gulf coast to South America.
I-1igration: April-Hay, August-October
Habitat: Seacoasts, large inland lakes and marshes;
formerly nested in marshes; now nests only on
beaches, preferring shelly ones.
Food: Almost entirely insectivorous in lJorth America;
some crabs and crustaceans.
ReprodU;ction:
Breeding Age: Probably second year
Nesting: Either colonial or solitary
Nest: Depression in sand, at times lined with stones,
shells or bits of grasses; formerly a more
substantial nest of grasses and weeds on the ground
and near water in salt marshes.
Season: May-July
Clutch Size: 2-5, usually 3
Incubation: 18-23 ' days
Broods/Season: 1
Young: Precocial, downy
Birds Fledged: Unknown, probably near 2
Longevity: Unknown, probably near 25 years
Natural Enemies: Egg-eating gulls and crows; great
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southward range extension of Herring and Great
Black-backed gulls is a considerable threat to all
terns.
Population Status: Greatly decreased, nearing endangered
species status in eastern U.S. High CBC set in
1954 with 456 at Houston, Tex.; the 1974 high was
29 at Coot Bay, Fla. A possible decrease of 80%
or more is indicated; has never recovered from
millinery slaughter of gay-90's era and longsustained egging; Cobb Is., Va. had about 1,000
of these terns in 1901, 300 in 1902, 8 pairs in
1903 and 2 in 1907; egging seemingly forced
species to shell beaches where the eggs were well
camouflaged. With the advent of the all-terrain
vehicle, nesting in marshes would again be much
the safer place.
Economic Status: Of little consequence to man in its
present low numbers; increasing human demands
on seashores affect this beach nester.
Forster's Tern (Sterna forsteri)
Literature: Bent 1921
Reilly 1968
Shack l eton and Stokes 196~
Range: Ud-Tex. on coast; in western North America from
Canadian Prairie Provinces to Central America.
Breeding: Southeast Md., Va., northern N. C. and Tex .
Mainly breeds in Great Plains of U.S. and Canada.
Winter: Abundant iL C., decreasing south to Fla. Keys.
I1igration: April-May, August-October.
Habitat: Fresh and salt marshes and lakes in summer;
mainly sea coasts in winter.
Food: Fish, frogs and other aquatic organisms found in
the marsh in addition to insects; probably 95%
fish on sea coasts.
Reproduction·:
Breeding Age : Unknown, probably 2nd year
Nesting: Loose or small colonies, can be solitary
Nest: Hollow depression in mud or reed piles or a
well made structure of vegetation bouyed up by
reeds in several feet of water; on wave-piled
cordgrass sterns in Va. marshes.
Season: nay-July
Clutch Size: 2-6, usually 3
Incubation: 23 days
Broods/Season: l
Young: Downy, ciln run about or swim a few days after
hatching.
Birds Fledged: Unknown, probably less than 2
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Longevity: Unknown, probably at least 15-20 years
l~atural r::nemies: Franklin's Gull, muskrat, mini: in west;
mainly gulls and fish crows in east.
Population Status: Apparently stable; preservation of
Va's barrier island-seaside marsh complex will go
far towar<l protecting eastern population of this
species; all-time high CBC was at Back Bay, Va.
(3,050 in 1970); the 1973 high was at nodie-Pea
Is. mm.
Economic Status: ?his marsh tern enjoys increasing
protection, especially since it winters mainly on
our sout~eastern coast; it probably does not
seriously compete with man's present fish demands.
Arctic Tern (Sterna paradisaea)
Literature: Dent 1947
Fisher and Lockley 1954
Reilly 1968
Range: Circumpolar in Arc~ic summer, makes at least
22,000 mile annual migration around Atlantic to
Antarctic.
Breeding: In i:Jorth America: Arctic coast, south on
Atlantic coast to l1ass., in interior, south to
Gulf of St. Laurence, southe~n Quebec, southeastern
Alaska.
Winter: Antarctic Ocean, south to 74° south latitude,
Weddell Sea and probably Ross 's Sea. northern limit
of winter range unknown.
Migration: North along both coasts l1arch-June, usually
over Gulf Stream or beyond; south on eastern
Atlantic coasts August-l~ovember.
Habitat: Tundra lakes in summer; marine coasts and open
seas in winter.
Food: Chiefly small fish; also sand eels and small
crustaceans. Dives into water from height of 30
or 40 ft. with great speed.
Reproduction:
Breeding Age: Unknow~, possibly 2nd year.
Nesting: In colonies of own species; nests often
within 2 feet of each other.
l~est: On groun<l in sandy or rocky areas; scrape in
sand or depression in mosses or rock, sometimes
lined with few grasses or mosses.
Season:
!lay-July
Clutch Size: 1-3, usually 2, rarely 3.
Incubation: Probably 21 days; both sexes incubate
Broods/Season: 1
Young: Altricial, downy, fledge in 21-28 days.
Age at first flight unl~nown -- perhaps 4 weeks,
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as in similar Common Tern.
Birds Fledged: Unknown, probably under 2.
Longevity: Probably close to 30 years.
Natural Enemies: Arctic predators, including skuas,
falcons and foxes.
Population Status:
Increasing along New England coast
past 10 years.
Economic Status: I~avily shot for millinery trade at
turn of century, for fox food in Labrador. numbers
increased since then. I1uch banded and admired by
birders because of far travels and elusiveness.
Least Tern (Sterna aLbifrons)
Literature: Bent 1921
Downing 1973
Reilly 1968
Wray and Davis 1959
Range: All along Atlantic coast from Hass . to Fla.
Reys and along Gulf coast to south Texas. Horth
in West to north central Iowa, southern S. D.,
IJebraska and central Calif. south to l1exico.
Breeding: All along Atlantic coast from !lass. to ·Fla.
Keys and along Gulf coast to southern Texas. North
in Hest to north central Iowa, qouthern S. D.,
IJebraska and central Calif. south to Mexico.
Ninter: Gulf of nexico and Gulf of Calif., south to
Argentina and Peru.
Uigration: April-nay; July-October; arrive first in
spring although smallest and most delicate.
Habitat: Uud, sand an<l gravel beaches of oceans,
estuaries, lagoons and large rivers in breeding
seasons; from marine coasts in other seasons.
Food: llainly small fish obtained by plunging into water,
hence the name "little striker"; also insects,
shrimp, etc.
Reproduction:
Breeding Age: Unknown, possibly 2nd year
I.Jesting: Usually in small colonies, seldom solitary.
Nest: A hollow in sand, gravel or rock; rarely lined
with plant matter; unlike other terns which nest on
islands; they nest on mainland beaches if unmolested.
Season: Hay-August
Clutch Size: 2-4; most usually 2
Incubation: 14-16 days
Broods/Season: l; chance of 2 or 3 broods raised in
warmer areas of range.
Young: Stay in nest for few days; soon develop powers
of locomotion.
Birds Fledged: Probably little more than one per
attempted nest.
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Longevity: Likely at least 15 years.
Natural Enemies: Grackles, gulls and crows eat eggs
and young, but more are lost to storm tides.
Population Status: Doubtfully retained on Blue List.
Virtually exterminated north of North Carolina
in early 1900's, the species is still recovering;
ca. 550 pairs were in Long Island colonies in
1973. Downing estimated 3,595 pairs nesting
in the study area in 1973. Nesting success
seemed reasonably good, except ins. c.
Economic Status: Species increased quickly after
protection from shooting, then declined due to
human disturbance of beaches. This tiniest of
our terns now exists almost entirely at man's
will. Downing found 80% of habitat for 103
colonies was on dredge or development spoil.
Royal Tern (ThaZasseus maximus)
Literature:
Bent 1921
Rand 1956
Reilly 1968
Shackleton and Stokes 1968
Range: Mass. to Brazil in ~estern Atlantic, in Calif.
to Peru in eastern Pacific.
Breeding: Md. to Ga., especially Va. and S. c., also
La. and Tex.
Winter: Va. south; scarce at northern end of study
area, abundant in Fl~, Merritt Is. had 1973
high CBC of 1,500.
Migration: To April-May, September-November.
Habitat: Sandy, warm seacoasts
Food: Mostly small fish, some crabs, oysters, shrimps
and squid.
Reproduction:
Breeding Age: Unknown
Nesting: Colonial - large and crowded colonies, Bent
reported 100 nests in 16 square yards.
Nest: Slight hollow in the sand, occasionally lined
with bits of shell or fishbones.
Season: April-July
Clutch Size: 1-4 usually 2; replacement clutch is
probably always 1 egg.
Incubation:
20-31 days (several authors) by both sexes.
Broods/Season: 1
Young: Precocial, downy; fledging occurs approximately
1 month after hatching.
Birds Fledged: Unknown, but likely less than 1.
Longevity: Unknown; probably up to 30 years.
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Natural Enemies: Herring and Laughing Gulls eat eggs;
few predators after egg stage; southward
movement of Herring and Great Black-backed
Gulls could seriously affect this tern.
Population Status: Increased greatly after egging and
shooting decreased in early part of century;
CBC's indicate sustained increase.
Economic Status: Breeding grounds mostly protected now;
"strikers", as they are known on Va's. Eastern
Shore,delight the eye by their graceful aerobatics and diving; the harsh cries are reminiscent of the rather harsh environment in which
these birds exist.
Black Skimmer (Rhynahops nigra)
Literature:
Reilly 1968
Shackleton and Stokes 1968
Range: Mass. to central Fla. coasts, west around Gulf of
Mexico and south to Argentina. On west coast
from northern Mexico to Straits of Magellan.
Breeding: Few untrammeled beaches and sand spits from
Mass.to central Fla.
Winter: Central N. c. south to Fla. Keys and South
America warmer coasts.
Migration: March-May, October-November
Habitat: Ocean coasts and lagoons; barren sands for
nesting and roosting.
Food: Small surface-feeding fish and crustaceans.
Reproduction:
Breeding Age: Unknown, probably in 3rd year.
Nesting: Colonial
Nest: Unlined hollow in sand, usually on slight prominence if available.
Season: Early May 01 a.) -August
Clutch Size: 1-5 usually 4-5.
Incubation: 21-23 days
~roods/Season: 1
Young: Precocial, downy
Birds Fledged: Unknown, but often low due to storm
washovers.
Longevity: Unknown, at least 5 years, probably 20.
Natural Enemies: Gulls eat eggs; storms often destroy
eggs laid early.
Population Status: Probably decreasing slowly; high CBC
was 7,000 at St. Augustine, Fla., 1947; 1974
high was 1,790 at Jacksonville, Fla.; some
killed by cars, fish nets, etc.; storm
mortality of young high.
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Economic Status: Of great interest to people because of
unusual feeding habit and striking red bill
contrasting with white and jet black plumage;
cries and crepuscular-nocturnal feeding are
also unusual.
7.6.8

Goatsuckers, Swifts, Hummingbirds and Kingfishers

Belted Kingfisher (Megaaeryle alayon)
Literature: Cottam and Uhler 1937
Reilly 1968
Sprunt 1954
Range :
Breeding: Central Alaska to southern U. S. and most
of Canada.
Winter: From southwestern Canada and Maine to Dutch
West Indies.
Migration: February-March, September-December
Habitat: Freshwater anq s~ltwater shores.
Food: Fish 50% (less than half of which were valuable
to man); also crayfish 16%, frogs 5%, water
beetles 4%, small mammals and rarely, fruit.
Reproduction:
Breeding Age: Unknown, probably age 1.
Nesting: Solitary.
Nest: Enlargement at inner end of a hole (4" diameter
3-15' long) in banks; nest of fishbones, scales,
fragments of crustaceans shells, occasionally
leaves, twigs and grasses.
Season: April-May
Clutch Size: 4-8, usually 6-7
Incubation: 23-24 days by both parents
Broods/Season: 1 (up to 4 replacement sets).
Young: Altricial, naked; stay in nest until fledged
ar 4 weeks.
Birds ~ledged: Unknown, probably under 5.
Longevity: Unknown, possibly 12 years.
Natural Enemies: Young and eggs most susceptible to
predation by hawks, snakes, skunks and mink.
Population Status: Uniformly stable on southern CBC's.
Possibly decreasing slightly overall. All time
high CBC of 316 set at St. Petersburg, Fla. in
1962; 1973 high was 160 at Merritt Is., NWR;
in 1974 it was 215 at Coot Bay.
Economic Status: Feeds on small fishes of shallow waters;
probably few game fishes taken. Rattling call
and bizarre appearance of this common and
colorful bird endear it to many nature lovers.
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7.6.9.

Jays and Crows

Fish Crow (Corvus oss i fra gus )
Literature: Bent 1946
Reilly 1968
Sprunt and Chamberlain 1970
Range:
Breeding: Resident from Mass. to Fla . , along Gulf
coast to Texas and along major tidal waterways.
Winter: Fla. population always larger in winter.
Numbers small north of N. c.
Migration: March-April; October-November.
Habitat: Marine and brackish water shorelands and along
river v alleys .
Food: Omnivorous, mainly marine invertebrates and carrion.
Also eats bird's eggs, insects, fruits,
berries and seeds .
Reproduction:
Breeding Age: Unknown, probably first year
Nesting: Colonial
Nest: Platform of sticks with sides of bark, twigs, and
grasses; lined with bark, leaves, grass, needles
or hair.
Season: April 30-May 20
Clutch Size: 4-6
Incubation: 16-18 days
Broods/Season: 1
Young : Altricial, naked; age of first flight, more than
3 weeks.
Birds Fledged: Unknown, probably about 4
Longevity: Un known, probably a bout 12 y ears.
Natural Enemies: Raccoons, large hawks and owls.
Population Status : Possibly slightly decreasing, although
record of 30,000 was in 1967 on Cocoa, Fla.
CBC .
Economic Status: Egg-eating habits detrimental to many
other coastal birds, apparently especially so
to the Clapper Rail.
7.6.10.

Tits, Nuthatches, Creepers and Wrens

Long-billed Marsh Wren (TeZmatodytes paZustris)
Literature: Kale 1964, 1965, 1967
Reilly 1968
Ra nge : Mass ., Ontar.io a nd Saska t chewa n t o s o uthe r n
Fla . , Gulf Coast a nd c entral Mexi co.
Breeding: Throughout range
Win ter : Del. south on coast, Gulf Coast, southwestern
states.
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Migration:

Mainly from inland freshwater areas to southern
part of range and both coasts.
Habitat: Fresh and brackish water marshes; saltmarshes
in Ga.
Food: Marsh spiders and insects, occasionally caught in
mid-air; young are fed softer-bodied insects
at first; obtains water from ingested food.
Reproduction:
Breeding Age: Unknown
Nesting: Solitary, male builds up to six dummy nests.
Nest: Made of coarse grasses and reed stalks; lined
with cattail down, fine grasses, and feathers.
Season: Eggs in mid May (Fla.); April-June (S. C.)
Clutch Size:
3-10 usually 5-6
Incubation: 13-16 dayp
Broods/Season: 3 (S. C.)
Young: Altricial, some down; fly at 11-16 days.
Birds Fledged: Poorly known, only 20% in a Ga. marsh,
due to rat predation.
Longevity: Unknown, proba9ly seldom over 5 years.
Natural Enemies: Rice rats in Ga., perhaps egg-eating
snakes.
Population Status: Oveiall population apparently stable
in study area:
79% decrease in birds/observer
over 10 year period; ac.tual count decreased
65% while that of Short-billed Marsh Wren
increased almost sixfold.
Economic Status: Insectivorous feeding helps preserve
marsh grass for detritus food chains.
Short-billed Marsh Wren (Cistothorus platensis)
Literature: Reilly 1968
Range:
Breeding: Southeastern Saskatchewan to New Brunswick,
south to southern South America and Falkland
Islands.
Winter: American subspecies winter coastally from
Md. south to northeastern Mexico.
Migration: April-early May, August-mid-October.
Habitat: Grass and sedge meadows, high salt marsh
Food: Mostly insects of all forms and spiders
Reproduction:
Breeding Age: Unknown, almost certainly 1 year
Nesting: Solitary .
Nest: Globular-shaped, of grasses lined with feathers
and plant down.
Season: March-July
Clutch Size: 4-8, usually 7
Incubation:
12-14 days
683

Broods/Season: 2-3
Young: Altricial, some downy patches; fly at 12-14
days.
Birds Fledged: Unknown, probably less than 5
Longevity: Unknown, probably about 6 years.
Natural Enemies: Probably rats and egg-eating snakes.
Population Status: Seems stable in Southeast. CBC high
of 1,067 set at Freeport, Texas in 1972; 1973
high, also at Freeport, was 163; probably
indicates effect of weather on migration.
Economic Status: Probably species which suffers most
from diking of high marsh to impound water
for waterfowl and mosquito control.
7.6.11.

Meadowlarks, Blackbirds, Orioles and Tanagers

Boat-tailed Grackle (Cassidix mexicanus)
Literature: Reilly 1968
Robbins, Bruun,and Zim 1~66
Range:
Breeding: Along the coast from southern N. J. to
Venezuela on Atlantic; from southern Ariz.
to Peru on Pacific coast.
Winter: Dela. south along Gulf coast to Mexican
border.
Migration: No regular schedule
Habitat: Coasts, parks, river groves, open areas and
farmlands; usually nests near water.
Food: Practically omnivorous (40% animal matter, 60%
vegetable matter).
Reproduction:
Breeding Age: Unknown
Nesting: Colonial, in bushes, low trees or coarse
plants.
Nest: Large, bulky structures of sticks, grass, bark,
seaweed and roots, usually lined with mud.
Season: April-early July
Clutch Size: 2-5, usually 3
Incubation: 13-16 days, by female only
Broods/Season: 1
Young: Altricial, naked, fly at 20-23 days
Birds Fledged: Unknown, probably near 5
Longevity: Unknown, probably little over a decade
Natural Enemies: Unknown, snakes and raccoons may eat
some eggs and young; hawks and owls probably
get a few.
Population Status: Almost certainly still expanding range
and probably increasing; CBC high (59,000+)
set in Texas in 1973; 1974 high was 2,054 at
Cape Charles, Va.
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Economic Status: Detrimental to other birds by predation
and competition; eats eggs of some birds.
7.6.12.

Grosbeaks, Finches, Sparrows and Buntings

Dusky Seaside Sparrow (Ammospiza nigresaens)

Literature:

Bent 1968
Reilly 1968
Robbins, et al. 1966
Sprunt 1954
Range: In eastern Orange and north Brevard County, Fla.
Merritt Island area; St. Johns NWR established
recently to protect this species.
Migration: None
•,.
Habitat: Salt marshes
Food: Insects, small invertebrates and seeds.
Reproduction:
Breeding Age: 1 year
Nesting: Solitary
.
Nest: Coarse grass lined with finer grasses on ground
or in grasses over water and above high tide
line.
'
Season: April-July
Clutch Size: 3-4
Incubation: By female, time unknown, probably 11-12
days.
Broods Season: 1
Young: Altricial, naked, first flight probably at ca .
10 days.
Birds Fledged: Unknown
Longevity: Unknown
Natural Enemies: Likely rice rats and raccoons.
Population Status: Endangered species; all-time CBC high
(25) set in 1937; count in 1974 was 1, which
seems to indicate an extreme reduction. Both
counts were at Merritt Island, Fla.
Economic Status: Sought by bird watchers because of rarity '
and small range.

7.7.

Gaps in Available Information

1)

The detailed information in the 68 life history
summaries varies greatly in completeness and degree
of certainty . Basic information is needed for many
species regarding breeding age, longevity and reproduction.
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2)

The population status for many species is difficult
to determine and hence poorly known because of variability in distribution from year to year. Some
waterfowl may concentrate on the Atlantic coast one
year, the Gulf or Pacific coasts the next. Variation
in food distribution from year to year will also
affect avian abundance at any given time and place.

3)

Food requirements for many birds are inadequately
understood. Often data is available only for one
season or a portion of the species' range. For
example, the food of phalaropes is known for the
breeding season, but not for the time they are
exclusively at sea. Food habits may also vary, based
on availability of potential foods from one year
to the next.

4)

Interactions between birds and their predators or prey
are inadequately known.
Population changes resulting
from reduction of predators or loss of prey are therefore difficult to assess. No information is available
on adaptability by a species population to changes in
predator or prey densities.

5)

More adequate breeding censuses are.necessary in
various habitats, especially freshwater swamps, which
are common and varied in the southeast. The difficulty of traversing swamps make such censuses difficult to perform with accuracy.

6)

In spite of the abundance of some pelagic birds, much
remains unknown about their migration time, food
habits, reproductive habits and population statuses.
Causes of mass die-offs in this group usually remain
unknown.

7)

The cause(s) and effect(s) of dramatic increases and/
or range extensions in the Cattle Egret, Glossy Ibis,
Starling, Herring Gull, Great Black-backed Gull,
Boat-tailed Grackle and Cowbird are poorly known,
even though several of these species are considered
pests.
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CHAPTER 8
MARINE MAMMALS FROM THE SOUTHEASTERN UNITED STATES COAST:
CAPE HATTERAS TO CAPE CANAVERAL
by
David K. Caldwell and Melba C. Caldwell

8.1.

1

· 1ntroduction

The marine mammal fauna of the Atlantic coast of the
United States between Cape Hatteras, North Carolina, and Cape
Canaveral, Florida, consists almost entirely of cetaceans
(whales, dolphins and porpoises). However, two other groups
are also represented; the pinnipeds (seals and sea lions) and
sirenians (manatees).
Although there are various checklists of North American
mammals that include records of marine mammals from the study
area, the most recent, useful and readily available studies are
those of Caldwell and Galley (1965), Galley (1966), Caldwell,
Neuhauser, et al. (1971), Moore (1953) and Layne (1965). The

summaries of Hershkovitz (1966), Hall and Kelson (1959),

Scheffer (1958) and King (1964) are also useful. In addition,
there are two other reports in nearly-complete manuscript form
that we will draw upon. These are: Caldwell, Neuhauser, et al.
(MS) and Caldwell, Caldwell, et al. (MS). Both of these should
be published by the end of 1974. Other than these summaries,
most records of marine .mammals from the study area are scattered
in the literature, but we have tried to include those records
of importance in our annotated list below.
We have followed the taxonomic arrangement of Rice and
Scheffer (1968), but have not always fully agreed with specific
usages of names.· When published (hopefully in late 1974 or
early 1975), a recently completed report (Leatherwood,
Caldwell and Winn, MS) will be useful for identifying cetaceans
of the western Atlantic both at sea and when found stranded on
the shore. In the present report we follow common and
scientific name usage of that manuscript for cetaceans so
that the~e papers will be compatible, and because a number of
active cetologists who have reviewed that manuscript seem to
accept the names. We follow Rice and Scheffer (1968) in usage
IBiocommunication and Marine Mammal Research Facility of
tl:e t!nivei si Ly of Florida, Route lL, Box 121, St. Augustine,
Florida.
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of common names for the remainder of the marine mammals.
names used herein seem to be the most up-to-date.

The

A recent report by Pilson and Goldstein (1973) for the
region between Cape Cod and Cape Hatteras is a useful companion
piece to the present report, and in some respects they overlap.
Two recent worldwide summaries of cetacean distributions,
(Marcuzzi and Pilleri 1971; Bruyns 1971) while including
references to the present study area, are really not of sufficient accuracy to be useful even though some recent writers
have begun to cite them. We make note of them here, but feel
that they are too general and not based on sufficient specific
information to consider them further. Some of their listed
ranges are so general as to be .. in error. Bruyns (1971) is,
however, somewhat useful in helping to identify cetaceans.
Marine mammals known to occur within the study area are listed
in Table 8.1. Several additional species might be expected to
occur within.the study area upon zoogeographic grounds and/or
based on known proximity to the study area. These species are
listed in Table 8.2.
In general, no large whales and only two species of
dolphin are of any slight commercial significance in the study
area. The two dolphins are the Atlantic bottlenosed dolphin,
Tursiops truncatus, and the Atlantic spotted dolphin , Stenella
plagiodon.
Both species are captured within the study area
for commercial d isplay and/or for research. The drains on their
stocks are almost surely not biologically important at this
time. Even though there is little, if any, commercial pressure
on the other species, they all have an aesthetic significance
that is greatly in the news at the present time. Partly because
of this public interest, the u. S . Marine Mammal Protection
Act of 1972 was recently passed. This new law provides for
considerable attention toward and protection of all marine
mammals in the territorial waters of the United States (including marine mammal products imported into the United
States). Although there is no commercial pressure on the
pinnipeds and sirenians of the study area, they too are protected by the new Act to the same degree as the cetaceans.
The Act calls for study of all marine mammals. Summaries of
their distributions such as this are important as a basic first
step. This is especially true when any onshore or offshore
development is projected for an area within their range even
though no development activities have been implicated as a
real problem to marine mammals in the study area to date.
In general, life history and population data on marine
mammals are very limited. Specific geographical records are
usually scarce; other biological data are almost non-existent.
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Table 8. 1.

Species of marine mammals known to occur in the region
between Cape Hatteras and Cape Canaveral

Order Pinnipedia
Family Otariidae

ZaZophus caUfomianus

California Sea Lion

Family Phocidae

Phoca vitulina concolor
Cystophora cristata

Harbor Seal
Hooded Seal

Order Sirenia
Family Trichechidae

Trichechus manatus latirostris

Florida. Manatee

Order Mysticeti
Family Balaenidae

Euba laena glacialis

Black Right Whale

Family Balaenopteridae

Balaenopt era borealis
Balaenoptera physal us
Megaptera novaeangli ae

Sei Whale
Fin Whale
1-fumpback Whale

Family Delphinidae

St eno bredanensi s
Tursiops truncatus
Grampus griseus
Stene l la p lagiodon
Stenella cf. frontalis
Stene lla sp .
Delphinus delphis
Pseudorca crassidens
Globicephala macrorhyncha
Orcinus orca

Rough-toothed Dolphin
Atlantic Bottlenosed Dolphin
Risso' s Dolphin
Atlantic Spotted Dolphin
Bridled Dolphin
Short-snouted Spinner Dolphin
Saddleback Dolphin
False Killer Whale
Short-finned Pilot Whale
Ki 11 er Whale

Family Phocoenidae

Phocoena phocoena

Harbor Porpoise
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Table 8.1.

(Cont'd)

Family Physeteridae

Physeter catodcn
Kogia breviceps
Kogia simus

Spenn Whale
Pygmy Spenn Whale
Dwarf Spenn Whale

Family Ziphiidae

Mesoplodon europaeus
Mes op Zodon mirus
Mesoplodon densirostris
Ziphius cavirostris

Antillean Beaked Whale
True's Beaked Whale
Dense-beaked Whale
Goosebeaked Whale

•
J

•

•

•

•

•
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Table 8.2.

Species of marine mammals expected to occur in the
region between Cape Hatteras and Cape Canaveral
on grounds of zoogeography and/or proximity, but
not yet recorded from there.

Order Mysticeti
Family Balaenopteridae

BaZaenoptera aautorostrata
BaZaenoptera edeni
·
BaZaenoptera musauZus

Minke-Whale
Bryde's Whale
Blue Whale

Order Odontoceti
Family Delphinidae

Spinner Dolphin
Striped Dolphin
Pygmy Killer Whale
Atlantic Pilot Whale

SteneZZa cf. Zongirostris
SteneZZa aoeruZeoaZba
Feresa attenuata
GZobiaephaZa meZaena

708

•
•
•

It is, therefore, often difficult to make sweeping generalizations about marine mammals. It should be emphasized that the
following general remarks apply only to the Atlantic coast
between Cape Hatteras and Cape Canaveral, and . are based to a
large degree on personal experience. They would, in most
cases, also apply in other geographical areas,but in some
instances local modifications might be required •

8.2.

•

•

•
I

I

Range and Distribution

Each species of marine mammal known from the study area
(Table 8.1) is included in an Annotated List below, along with
several {Table 8.2) that should be expected there. Where
appropriate, known records are·,plotted on a map of the study
area.
It should be noted that most plotted records refer to
stranded animals or to marine mammals that are normally seen
and/or captured near shore. There are records of marine
mammals from offshore waters, but inasmuch as they represent
only sight records, often by inexperienaed observers, they
are for the most part omitted unless supported by photographs
that we have studied. Sight records must always be viewed
with caution, and only those which we have validated are
shown on maps.
No species of marine mammal is restriGted to the study
area, but one range extreme for some species does occur within
the area. While not absolute barriers, Cape Hatteras and/or
Cape Canaveral tend to delimit ranges of a number of animal
species, and even do so for some mobile marine mammals.
The range limit
are probably set more by oceanographic
conditions than by the Capes themselves. Most marine mammals
are wide ranging and some are even worldwide in distribution-especially within a zoogeographic belt such as the tropics
or temperate seas. A good summary of the overall range of
each marine mammal species is included by Rice and Scheffer
(1968) .
8.3.

Status of Populations

Populations of all marine mammals within the study area
appear t o be relati vely stable. The one exception might be
the California sea lion. Inasmuch as it i s an introduced
species, its populations might be expected to fluctuate .
There is, in fact, no evidence that it breeds here.
Because mos t , if not all, speci es of cet aceans are
relat ively cat holic in their food p r eferences {wit hin such
l imi ts a s "fish e ate r ", "squi d eat er" or "pl ankt on feeder" ) ,
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there has been no evidence to suggest that any fluctuations
in the food stocks have affected the cetaceans.
Weather seems to play only a minor role in cetacean and
other marine mammal population dynamics. There are a few
records of individual cetaceans of offshore species being
stranded during or immediately after major storms (such as
hurricanes with heavy rains and high winds that may disorient
the animals rather than simply wash them ashore), but such
strandings would have no negative biological significance to
the population. Many strandings, on the other hand, are
recorded on flat calm days with no immediate past history of
storms.

,

Some individuals seem to have stranded because of disease
or injury. However, these strandings are in such small numbers
that it is unlikely that the losses affect the stocks. There
have been no proven mass mortalities due to disease or injury,
although parasites are sometimes suspected. It is believed
that most mass mortalities (strandings) of cetaceans are related
more to social behavior than to physiological causes. No mass
mortalities are known for the pinnipeds and serenians of the
study area, and individuals found dead for the most part have
suffered from injuries probably inflicted by boats or sharks.
8.4.

Life History

Although there is yet much to be learned, especially with
regard to the smaller toothed cetaceans, all cetaceans apparently
have a similar life history. The young (almost invariably one)
are born alive after a gestation period of approximately a year,
or, in some cases, perhaps as long as 16 months. The calf is
ready to swim immediately and can keep up with its mother when
assisted by hydrodynamic forces set up when it swims close to
her. The young are pcotected by the mother and sometimes other
females of the herd.as well (known as "aunties"). Inasmuch as
they are suckled until the age of about a year (weaning may
begin at about 6 months), the young require no special food or
habitat. Nothing is known of the survival rate of the young or
what percent reach maturity, but with the protection afforded
by the adults, ~he fully-formed condition in which they are
born, the rela tively small number of natural enemies, etc., it
is pre~umed tha~ the survival rate is high. Breeding maturity
is probably reached at about age 10 to 15 years in most species,
but this varies and should not be.confused with sexual maturing
which may begin at a much younger age (perhaps half the age for
normai breeding in the social complex). In distinguishing
betueen sexual and breeding maturity we mean that an individual
may ovulate or produce sperm at a much earlier age, and thus be
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capable of reproducing (sexual maturity), than that at which
the social complex of the herd would permit actual breeding-much as a young human can reproduce biologically long before
the culture permits that human to marry and have children
in the accepted social scheme. Just as some cultures permit
marriage and child-bearing at an earlier age than others, so
do some dolphin societies in which a fully adult male is not
present (as might be found in a captive community where
younger animals might breed whereas in nature they would not
be allowed to do so). Captive Atlantic bottlenosed dolphins
may bear a calf about every two years, all conditions being
optimal (i.e., the continued presence of a breeding male, no
complications with the first calf, etc.). Captive dolphins
of this species that have lost a young calf are known to have
had another the following year.,. Based on the number of
corpora albicantia, which are believed to leave one permanent
scar on the ovary for each birth, Atlantic bottlenosed dolphins
may have at least a dozen calves during a lifetime. Cetaceans
have a relatively long life. Dolphins probably live to at
least 30 years and larger whales ~ossibly live even longer.
There are few data regarding seasonal distribution of
cetaceans (or any marine mammal) in a local area, primarily
because records of sightings and strandings are scattered and
sporadic. When such data are available they are included in
the Annotated List below.
·
Useful data on the life history of the California sea
lion were given by Peterson and Bartholomew (1967). Data on
the other pinniped species from the study area may be found in
Scheffer (1958) and King (1964) •
The life history of the manatee is in many ways similar
to the cetaceans, but is only now being studied in any detail.
Hartman (1969) has provided some preliminary data, and has a
major monograph on the Florida manatee in preparation .
Many marine mammals are social, and especially the
dolphins, sperm whales and manatees. It is important then that
not only the numbers of these animals be considered when evaluating the status of their stocks, but also the effects of
direct or indirect harvest (depletion of numbers of individuals)
on social groups. Without the proper social structure some
stocks might not survive even though a sufficient number of
individuals might seem to be available for species survival.
8.5.

Food Organisms of Marine Mammal Species
All cetaceans are carnivores of some kind.
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The pinnipeds

are fish eaters; the sirenians are normally vegetarians.
All of the so-called baleen whales (mysticetes) feed
mainly on zooplankton, although some species intentionally
ingest a few small fishes as well. The so-called toothed
whales (odontocetes) feed mainly on fish and/or squid. The
killer whale may also feed on birds, smaller cetaceans, pinnipeds
and sea turtles. Some of the dolphins eat small numbers of
crustaceans. There is no evidence of a negative significance
on commercial fisheries such as the shrimp industry.
Crustaceans may indeed be eaten only incidentally during the
search for fishes, especially in areas of shrimping where
dolphins often follow the boats and feed on fishes stirred up
by the dragging nets or on the dead organisms thrown overboard after the shrimp have been sorted out. Since there are
no commercial squid fis herie s in the study area, marine mammals
feeding on squid would have no negative commercial significance.
The piscivores eat such a variety of the smaller and mediumsized fishes that they too probably have no significant effect
on any given finfish fishery. In some limited hook and line
fisheries there does seem to be some evidence that false killer
whales steal large snappers and groupers as the fish are hauled
to the surface, and Atlantic bottlenosed dolphins have been
a ccused of learning to open crab traps and stealing the bait
fish within (there is as yet no solid evidence .for this).
Atlantic bottlenosed dolphins have also been accused by Florida
mackerel fishermen of tearing their nets in order to steal the
fishes, but this behavior is very un-dolphin-like in the first
place, and in the second place aerial observations by pilots
familiar with both dolphins and fishes have shown that the
damage is really being done by large sharks. There is, therefore, still much to be done in the way of research and observation in order to reconcile the different opinions expressed
by fishe rme n and biologists regarding the relative nuisance
value of marine mammals, and, in the study area, the Atlantic
bo ttlenosed dolphi n especi a lly.
8 . 6.

Utilizati on of Estuaries

wi~hin the study area, only three species of marine
mammal3 can be said to utilize estuaries in a regular manner.
Tlese are the Atlantic bottlenosed dolphin, the Florida manatee,
a .•J tte harbor seal. Another form, the California sea lion,
is also found in estuaries in the study area, but it is a
feral introduced speci es not known to breed in the western
! orth Atlantic. _ Finally, the hooded seal has been reported from
the study area, in 1944 and well before. This species is
surely only an occasional stray to the study area and its
est·1a~ies. The Atlan tic bottleno sed dolphin a nd t he Florida
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manatee may also enter freshwater rivers, creeks and springs •
These species are probably the most vulnerable of all marine
mammals to man's activities such as shoreline development,
bottom disturbances of various kinds (such as dredging and
silting that affect food availability), and water sports •
8.7.

Endangered, Vulnerable or Rare Status

Some of the larger whales that occur in the study area
are considered endangered by u. S. authorities ( U. S. Fish
& Wildlife Service 1973).
These whales are the black right
whale, the sei whale, the fin whale, the humpback whale and
the sperm whale. Two of these, the black right whale and the
humpback whale, are considered-~ndangered by an international
consensus of authorities (IUCN 1972). The fin whale is considered vulnerable by the international group (IUCN 1972), but
none of the other species from the study area have been so
designated. None of these whales have been hunted commercially
in the study area for over half a century, and in most instances
even longer, nor are there proposals for such hunting in the
future. No dolphins, pinnipeds or odontocetes known from the
study area (other than the sperm whale) are considered endangered anywhere. The Florida manatee is considered endangered by U. S. authorities (U. S. Fish & .Wildlife Service 1973),
and the species which includes this subspecies is so listed by
the international group (IUCN 1972).
Many cetaceans found in the study area are considered
rare, not only in this region but also worldwide. In truth, at
least some of them probably are not rare but rather only
infrequently encountered by man. The pygmy sperm whale and
the goosebeaked whale, for example, have long been termed as
rare species, but recent evidence (namely greater observational
effort in the right places) suggests that they are in fact
rather common •

All domestic endangered species are so designated by
the u. S. Fish & Wildlife Service (1973). However, responsibility for protection of cetaceans and pinnipeds under the
U. s. Marine Mammal Protection Act of 1972 has been transferred
t o the National Marine Fisheries Service (NMFS). In May
1974 we ·were told (Mr. w. A. Haskell, St. Petersburg, Florida)
that the U. S. Fish & Wildlife Service list is recognized by
NMFS as the guide for both domestic and foreign endangered
species of cetaceans. The International Union for the Conservation of Nature (IUCN 1972) publishes the so-called Red Data
Book (usually termed only the Red Book) which is an "international consensus" of all endangered species.
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8.8.

Annotated List of Species

In the following list we include both those species known
to occur in the study area and those which we believe might
reasonably be expected to occur there. Whenever possible, we
have utilized recent faunal summaries for an area within the
overall study area rather than the original references which
sometimes are somewhat obscure. The recent summaries include
new records as well as historical data.
We are aware that the Caribbean Monk seal (Monachus
tropicalis) probably once occurred within the southern limits

of the study area, but although still listed as endangered
in IUCN (1972), the species is now believed extinct or
nearly so throughout its range (U. S. Fish & Wildlife Service
1973). It would serve no useful purpose to include this
species in the annotated species list. Likewise, we have not
included living species like the Atlantic walrus, Odobenus
rosmarus rosmarus, which, although found in far northern waters,
is known from the study area only from fossils (Manville and
Favour 1960).

•

•

•

•

Unless otherwise indicated, our remarks in the following
list refer to the situation of the species under discussion
within the study area only. Therefore, if we ~tate, for
example, that "no migrations are known within the study area",
we do not mean to imply that there are, or are not, migrations
by the species elsewhere.

•

Finally, all general distributions refer only to the
western North Atlantic unless otherwise indicated. Many of the
cetacean species are worldwide in distribution, but such
distributions have not been discussed here.

•

8.8.1. California Sea
Lion, zalophus californianus
;

•

Current status of the species: Introduced (presumably by
accident) into the western North Atlantic and known
there only from a few feral individuals. Not considered
endangered anywhere in its normal Pacific range, and
should be considered only as an artifact in the present
study area.
Trendti in population size: Not known to breed in the western
North Atlantic and presumably will gradually disappear
th~re.
Distribution: In the western North Atlantic there are records
of feral individuals from South Carolina southward
around Florida and into the northeastern Gulf of Mexico;
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also the Bahamas.
In the study area (Fig. 8.1), it is reported from off Charleston,
South Carolina, off Kiawah Island, South Carolina, in
Winyah Bay, South Carolina, and off Sapelo Island,
Georgia (see Caldwell, Neuhauser, et al. 1971). Layne
(1965) reported an individual from Flagler Beach, Florida
and another in Cape Canaveral Harbor that almost surely
was a known recent escapee. We have a number of unpublished records from Charleston, South Carolina, off
Brunswick, Georgia and from Mayport, St. Augustine,
Summer Haven and New Smyrna Beach, Florida. These are
included in Fig. 8.1 to further indicate how widely
reported California sea lions have been within the study
area. They are still being reported at this writing
(May 1974).
Migrations: In the study area, individuals are often seen on
or near specific sea buoys (especially bell buoys) for
as long as several months. There has been no seasonal
pattern to these sightings. Several series of sightings
within short periods of time suggest alongshore movements
by the same individual.
·
Food Habits: According to Peterson and Bartholomew (1967),
the California sea lion feeds primarily on squid and small
fishes. From the robust condition of most feral individuals
seen in the study area they must be feeding with success.
Economic or Aesthetic Values: Sea lions from the Pacific are
widely used as subjects for physiological research and in
commercial exhibits and shows. Attempts have been made to
utilize some of the feral animals in the western North
Atlantic, but for the most part the animals have been too
scattered and wary for good success. Some of the feral
animals have proven of interest as local "sights" for
boaters and others.

8.8.2. Harbor Seal, Phoca vitulina concolor
Current Status of the Species: Considered stable and not
endangered. Only rarely seen in the study area, which
comprises the southern limit of this subspecies' range.
Trends in Population Size: Worldwide, populations of
this species are high.
In the study area, the most
recent published record (from Florida) is also the southernmost, and presumably the subspecies is stable or possibly
on the increase in the study area.
Distribution: The subspecies is known from northern Canada
south to northeastern Florida.
In the study area (Fig. 8.2), it is known from 35°N
(between Cape Hatteras and Cape Lookout, North Carolina),
and the following additional North Carolina localities
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(Caldwell and Golley 1965): Lower Neuse River, Pamlico
Sound (Judith Island), Ocracoke Island, Beaufort Inlet
(two recordi), and Cape Hatteras. In South Carolina
Caldwell (1961) also reported specimens from Charleston
Harbor, the mouth of the Santee River, and the southern
end of Hilton Head Island. Caldwell and Golley (1965)
listed an old record, believed by them to be the "Charleston
Harbor" specimen listed by Caldwell (1961) but with more
complete data, from Folly Beach, South Carolina, and
Caldwell, Neuhauser, et al. (1971) listed a live animal
from Winyah Bay, South Carolina. Caldwell and Caldwell
(1969) reported a live anim~l just south of Daytona
Beach, Florida.
Migrations: None known in the study area.
Food Habits: Feeds on a wide variety of fishes and sometimes
on mollusks and crustaceans.
Economic or Aesthetic Values: None known in the study area.
8.8.3.

Hooded Seal, C~stophora cristata

Current Status of the Species: Considered stable and not
endangered. Only rarely reported from the study area,
and none recently.
Trends in Population Size: World populations believed stable.
Records in the study area too infrequent to make any
estimates.
Distribution: Normally lives in the Arctic waters of the North
Atlantic, but strays have been reported from as far south
as Florida.
In the study area (Fig. 8.3), reported from Morehead
City in 1944 and North Banks Beach, North Carolina in
1910 (Caldwell and Golley 1965) and from Cape Canaveral,
Florida in 1916 (Moore 1953).
Migrations: None known in the study area.
Food Habits: Feeds on a wide variety of fishes, mollusks and
crustaceans (King 1964).
Economic or Aesthetic Values: None known in the study area.
8.8.4.

Florida Manatee, Trichechus manatus latirostris

Current Status of the Species: Listed as vulnerable in the
Red Book (IUCN 1972), and as endangered by U. s.
authorities (U.S. Fish & Wildlife Service 1973). In
the study area, part of which constitutes the northern
extent of today's range, the subspecies apparently is
stable or on the increase.
Trends in Population Size: Subjective observations by
scientists and qualified laymen suggest that manatee
718
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populations are increasing in the study area under
continued protection. The main dangers to this and other
subspecies are destruction of habitat by developmental
activity, poachers, and accidental deaths from injuries
sustained when struck by fast-moving (usually sport) boats.
Distribution: Historically, the northern range of the Florida
manatee apparently was greater than records for today
indicate. Moore (1951) cited a 17th Century record from
the Rappahannock River in Virginia, and another, in 1934,
from Currituck Sound, North Carolina. In stating that
no reports of manatees north of Cape Hatteras had been
found, Pilson and Goldstein (1973) apparently overlooked
these two records. They also erred in attributing two
records from near Beaufort, South Carolina, about 1950
(Caldwell and Golley 1965) to Beaufort, North Carolina.
Moore (1951) and Caldwell and Golley (1965) cited a
record from near Wilmington/Wrightsville, North Carolina
(see below) in 1919. Central coastal South Carolina
appears to be about the northward extent of the range of
the Florida manatee today, with no records having been
reported from north of there since 1934. To the south
of the study area, the distribution of the Florida manatee
extends around the Florida peninsula into the northeastern and northern Gulf of Mexico. A closely-related
subspecies, Trichechus manatus manatus, ts found in
Mexico, Central and South America, and the West Indies.
It appears likely that records of manatees from Texas
are of individuals belonging to the subspecies T. m. manatus
(according to Moore 1951).
In the study area (Fig. 8.4), Caldwell and Golley (1965)
listed records from Wrightsville, North Carolina (1919)
near Beaufort, South Carolina (one taken in 1953 and
another about 1950), and Savannah, Georgia (undated
skeletal material. Moore (1951) recorded Florida manatees
from, among other places, near Wilmington, North Carolina
(the same individual as the one reported above from
Wrightsville,·but the latter appears to be a more accurate
locality inasmuch as Wrightsville is on Masonboro Sound
where the manatee was reported, while Wilmington is up
the Cape Fear River at a more inland locality ) , and
from St. Augustine and Ponce de Leon Inlet (near New
Smyrna Beach), Florida. Moore (1953 ) added a specimen
from Daytona Beach, Florida, Layne (1965 ) another from
Jacksonville, Florida, and Caldwell and Caldwell ( 1972)
illustrated several mating in the Banana River near Cape
Canaveral, Florida. Florida manatees are still seen
each year at all of these Florida localities, and may
still be expected (as noted above) in warmer weather
as far north as central coastal South Carolina. We
have several unpublished Florida records, but they are all
720
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within the limits encompassed by those Florida records cited
above. Manatees also live in fresh waters, especially in
Florida, but this is not within the scope of the present
study.
Migrations: There is circumstantial evidence that Florida
manatees may move northward in the summer as the shallow
waters in which they live begin to warm. There is better
evidence to indicate that local popufations move into
warmer springs and rivers in winter, especially in north
Florida, but even during cold snaps in more southern
latitudes.
Food Habits: All manatees are vegetarians, feeding both on
floating and submerged aquatic vegetation. In captivity,
at least, some individuals will also eat medium-sized
dead fish.
Economic er Aesthetic Values: Since they are rather
sedentary in their behavior, and often acclimate to
humans, Florida manatees are a favorite "sight" for humans,
especially in the clear springs where both human swimmers
and manatees are sometimes found. Suggestions have been
made that manatees might be helpful natural controls on the
floating water hyacinths that often block Florida waterways, and a few partially-successful pilot projects have
been done. Florida manatees are sometimes favored victims
of poachers (for the meat, which is said.to taste like
veal). Poaching has been listed as one probable cause
of the limited success of some projects in which manatees
were introduced into a canal as part of hyacinth control
projects.
8.8.5. Black Right Whale, Eubalaena glacialis
Current Status of the Species: Considered endangered by U. S.
authorities (U. s. Fish & Wildlife Service 1973) and
also listed in the Red Book (IUCN 1972). Stable or
possibly increasing in the study area.
Trends in Pqpulation Size: Under prQtection everywhere since
1935, this species appears to be on the increase,
worldwide. The same is true in the study area where in
northeast Florida, at least, more sightings are made
each year.
Distribution: Although the former range of this species was
probably more extensive, at present the black right whale
is known from Norway, Iceland and North Cape south to
Florida and Texas.
Within the study area (Fig. 8.5), Caldwell and Golley
(1965) listed specimens from near Beaufort and Cape
Lookout, North Carolina, and from Charleston, South
Carolina. Golley (1966) included an old record from
722
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Myrtle Beach, South Carolina. Moore (1953) gave records
of sightings off Flagler Beach and Daytona Beach, Florida.
Layne (1965) included additional records off Flagler Beach,
and new sightings off St. Augustine, Summer Haven, and
Marineland. Caldwell and Caldwell (1971b) included a
record of a stranded calf at Neptune Beach, Florida.
Additional records from this general northeastern Florida
region will be included by Caldwell, Caldwell, et al. (MS).
Caldwell, Neuhauser, et al. (MS) have recorded a stranded
calf from Edingsville Beach, South Carolina and a
sighting from off Savannah, Georgia.
Migrations: The appearance of black right whales in the study
area is seasonal, with the sightings of northward-migrating
animals, moving close inshore, taking place from early
January through late March. Southward migrations have
not been observed, but it is presumed they take place
offshore, probably in the fall.
Food Habits: These animals feed on zooplankton, primarily
copepods.
Economic or Aesthetic Values: The migrating whales come so
close to the beach that they often cause great excitement
and interest among observers on shore. The whales often
stay in one spot for several hours, and it is frequently
reported that they must be stranded. In addition, they
are often accompanied by Atlantic bottlenosed dolphins
which, in their cavorting around the large whales, are
often reported as sharks attacking the whale.
8.8.6. Minke Whale, Balaenoptera acutorostrata
Current Status of the Species: Populations are considered
stable and not endangered.
Trends in Population Size: Not known for the study area, but
believed generally stable elsewhere.
Distribution: In the western North Atlantic, minke whales are
found in the polar, temperate and tropical waters. There
are, however, no records from the study area. Figure
8.6 includes some of the records closest to the study
area, and suggests that minke whales should be expected
there. These localities are: Long Beach, New Jersey
(Moore 1953), Chesapeake Bay (Struhsaker 1967), Long
Key, Florida (Moore 1953), and Little Bahama Bank in
the northern Bahamas (Struhsaker 1967).
Migrations: At least some of the population migrates to the
northern portions of their range in spring and back
south in autumn.
Food Habits: Minke whales feed primarily on small shoal fishes.
Economic or Anesthetic Values: None known in the study area,
but minke whales are the sub j ects of commercial whaling
724
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Records of minke whales, BaZaenoptera
acutorostrata, from near the study
area. Only records which show
proximity to the study area are
included to show a reasonable expectancy for the species within the study
area.
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elsewhere.
8.8.7. Bryde's Whale, Balaenoptera edeni
Current Status of the Species: Populations are considered
stable and not endangered.
Trends in Population Size: Not known for the study area, but
believed generally stable elsewhere.
Distribution: The distribution of this species is poorly
known, but in the western North Atlantic it apparently
occurs from Virginia southward into the northeastern
Gulf of Mexico, the southern West Indies and the southeast Caribbean.
There are no records for the study area, but nearby
localities are shown in Figure 8.7. These are:
"Virginia" (Leatherwood, Caldwell and Winn, MS) and
Panacea, Florida (Rice 1965).
Migrations: No migrations have been reported.
Food Habits: Bryde's whales usually feed on small schooling
fish, although some pelagic crustaceans are also eaten.
They tend to dive deeper for food than do most baleen
whales.
Economic or Aesthetic Values: None known in the study area,
but Bryde's whales are the subjects of commercial whaling
elsewhere.
8.8.8. Sei Whale, Balaeno£tera borealis

Current Status of the Species: Considered endangered by
u. s. authories (U. s. Fish & Wildlife Service 1963). In
the study area, records are too sparse to make a statement.
Trends in Population Size: Although sometimes listed as
endangered (see above), stocks elsewhere are considered
generally stable but near the level of maximwn sustained
yield and ther~fore potentially on the verge of decline.
Distribution: The sei whale is known to avoid colder regions
near pack ice; in the western North Atlantic, range from
Iceland southward to northern South America and into the
noithern and southwestern Gulf of Mexico.
In the study area (Fig. 8.8), Mead (1973) listed a
s pecimen from Cape Island, South Carolina, and Moore
(1953) a stranded specimen east of Jacksonville, Florida.
Migrations: This species makes various, somewhat complicated,
movements in the northern part of its range, generally
moving southward in the colder months of the year and
northward during summer. No data are available for movements south of New England, includ ing the study area.
Food Habits: In the northern part of its range the sei whale
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feed on copepods, but in southern areas its food includes
krill and a variety of small schooling fishes.
Economc or Aesthetic Values: None known in the study area,
• but sei whales elsewhere are hunted by commercial whalers.
8.8.9

Fin Whale,

(Finback whale) Balaenoptera physalus

Current Status of the Species: Considered endangered by U. s.
authorities (U. S. Fish & Wildlife Service 1973) and
listed as vulnerable in the Red Book (IUCN 1972). Data
are not sufficient to make a statement for the study area.
Trends in Population Size: Current stocks elsewhere are believed
below maximum sustainable yield levels due to excessive
whaling. In the study are~, data a~e not sufficient to
comment.
Distribution: Widely distributed in the western North Atlantic,
the fin whale is known from the Arctic Circle south into
the Gulf of Mexico and to the Greater Antilles •
In the study area (Fig 8.9), Caldwell and Golley (1965)
reported two specimens from Cape Lookout, North Carolina,
one from Cape Hatteras, North Carolina, one from Wreck
Point (Lookout Bight), North Carolina, and a group at
sea off Drum Inlet, North Carolina. Mead (1973) listed
a specimen from Cape Hatteras, North Carolina, and Moore
(1953) included one from Ormond Beach, Florida.
Migrations: Fin whales summer from about the latitude of Cape
Cod north to the
Circle. During winter their range
spreads out from the ice southward to the tropics. No
other specific data are available for the study area.
Food Habits: Various, including krill, squid and small fishes.
Economic or Aesthetic Values: None known in the study area,
but fin whales are one of the primary subjects of commercial
whaling elsewhere.
8.8.10. Blue Whale, Balaenoptera musculus
Current Status of the Species: Listed as endangered by U.S.
authorities (U. S. Fish and Wildlife Service 1973) and
in the Red Boo (IUCN 1972).
Trends in Population Size: Stocks elsewhere are dangerously
low, but apparently the species is not as near extinction
as often indicated in ~he popular press. No data for the
study area.
Distribution: Recorded from pack ice to the Panama Canal Zone;
the normal range of this species in the western North
Atlantic is limited to the northern part of this range,
south to about Maryland. There are no records from the
study area, but in Figure 8.10, we include records from
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waters to the north and south; i.e., from South Coast,
Massachusetts (Allen 1916) and Cristobal, Panama Canal
Zone (Harmer 1923).
Migrations: In general, blue whales can be found in the most
northern parts of their range in summer and move to more
southerly waters in winter. No data are available for the
study area.
Food Habits: Blue whales feed relatively near the surface,
eating krill almost exclusively~
Economic or Aesthetic Values: None in the study area; but
at one time this species was important in commercial
whaling elsewhere. Species now fully protected.
8.8.11.

.

HumEback Whale, Me~aptera novaean~liae

Current Status of the Species: Considered endangered by U. s.
authorities (U. S. Fish and Wildlife Service 1973) and in
the Red Book (IUCN 1972). The species apparently is stable
in the study area, or even on the increase.
Trends in Population Size: Stocks have generally been considered low, but recent studies in the western North
Atlantic have indicated much larger numbers than previously
believed. Data are not sufficient to indicate trends in
the study area, but there have been several sightings in
recent years in northeastern Florida where none were
reported before.
Distribution: In the western North Atlantic, humpback whales
are widely distributed from north of Iceland south to
northern South America, including the central and eastern
Gulf of Mexico, and the West Indies.
In the study area (Figure 8.11), Caldwell and Golley
listed specimens from Shackelford Bank and Bogue Bank,
North Carolina. Caldwell, Neuhauser, et al. (1971)
listed one from Cape Island, South Carolina. Caldwell,
Neuhauser, et al. (MS) list a specimen from Sapelo Island,
Georgia, and Caldwell, Caldwell, et al. (MS) include a
record from off Summer Haven, Florida.
Migrations: During winter, humpbacks migrate southward to
Bermuda, the Bahamas, and the West Indies to calve and
mate. Part of migratory path, plus subsequent movements
back to the north,are apparently included within the study
area .
Food Habits: These whales feed on krill and shoaling fishes.
Economic or Aesthetic Values: None known in the study area,
but humpbacks have long been the objects of commercial
whaling elsewhere. A few are taken today, especially
in small regional fisheries as at Bequia Island in the
Lesser Antilles. In recent years, considerable attention
has been given to their sounds.
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8.8.12.

Rough-toothed Dolphin, Steno bredanensis

Current Status of the Species: Believed not endangered
anywhere.
Trends in Population Size: Believed to be stable everywhere
in its range.
Distribution: In the western North Atlantic, this species has
been reported from Virginia south to northeastern
South America and in the Gulf of Mexico.
In the study area (Figure 8.12), Richardson (1973)
reported on two specimens found on Little Cumberland
Island, Georgia, and Caldwell, Caldwell, et al. (MS)
include an individual stranded alive at New Smyrna
Beach, Florida.
James I. Richardson of the University of Georgia wrote
(pers. comm., 1973) that the collections of the Museum
of Comparative Zoology of the University of California,
Berkeley, contain a skull of this species taken at
Cape Hatteras, North Carolina, in 1915.
It is our further
understanding (from James G. Mead of the U. s. National
Museum of Natural History, pers. conversation, 1974)
that this specimen was taken in the old Hatteras dolphin
fishery.
Migrations: No data available.
Food Habits: Apparently feeds primarily on squid.
Economic or Aesthetic Values: None known in the study area.
This species enters the commercial dolphin fisheries
of the Lesser Antilles, for its meat.
8.8.13.

Atlantic Bottlenosed Dolphin, Tursiops truncatus

Current Status of the Species: Believed to be stable and not
endangered anywhere.
Trends in Population Size: Although commercial captures for
· research and display may have temporarily reduced some
local populations elsewhere, the populations in the
study area are believed to be stable. Extensive commercial
fishing in the region of Cape Hatteras around the turn
of the century and before apparently had no marked effects
on the species in that region .
Distribution: In the western North Atlantic, bottlenosed
dolphins are widely distributed in temperate and
tropical waters . They are known from at least Nova
Scotia south through the West Indies and Caribbean to
northern South America, and throughout the Gulf of
Mexi~o.
In the study area (Figure 8.13), specific localities have
been listed by Caldwell and Galley (1965) for North Carolina
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(Cape Lookout), South Carolina (Morris Island, Cape Island,
Folly Beach, St. Helena Sound), and Georgia (Jekyll Island,
McQueen's Island, Turner's Creek). Mead (1973) included
records from Cape Hatteras, North Carolina and Folly Beach,
South Carolina. Golley (1966) listed specimens from
Sullivan's Island, Cape Island, and Folly Beach, South
Carolina. Caldwell, Neuhauser, et al. (MS) include GePrgia
records from Wassaw, Ossabaw, Sapelo, St. Simons, Little
Cumberland, and Cumberland Islands. Moore (1953) mentions
Rpecimens off Marineland, Florida, and Layne (1965) includes records from Marineland, Summer Haven, near Crescent
Beach, and Anastasia Park (St. Augustine Beach), Florida.
We have numerous unpublished records from Charleston Harbor,
South Carolina, Hilton Head Island, South Carolina, and
Fernandina Beach, Mayport;• . St. Augustine, Flagler Beach,
Ormond Beach, Daytona Beach, New Smyrna Beach, and Cape
Canaveral, Florida. We have not been able to include all
of these points on Figure 8.13. This species should be
expected along the entire coast of the study area during
any month of the year. Lack.of rec'Ords at certain places
reflects the abundance of this species rather than its
absence (i.e., observers tend to consider it too common to
mention).
Migrations: Data are still incomplete, but there appear to be
general regional (not long range) seqsonal movements by
local populations to the north in summer and south in
winter. Inasmuch as this is primarily an inshore species,
at least in the southern parts of its range, there is also
reason to believe that local movements may be influenced
by tidal flow.
Individuals of this species sometimes
ascend large rivers well above tidal waters.
Food Habits: Atlantic bottlenosed dolphins feed primarily on
various fishes, but a few squid and larger crustaceans such
as shrimp and crabs may also be eaten.
Economic or Aesthetic Values: Around the turn of the century
and before there was an extensive local fishery or this
species ih the Cape Hatteras region, primarily for their
skins and oil. Bottlenosed dolphins have also been the
primary dolphin species utilized for commercial and zoo
exhibits and as subjects for various research projects on
behavior and physiology. Most captures for these purposes
have been made outside the study area, but some have been
made in recent years in northeastern Florida. This species
enters the commercial dolphin fisheries for food in the
Lesser Antilles.
Inasmuch as they live primarily in inshore
waters where they can be seen easily and regularly, they are
a favorite of boaters and we understand that in some areas
they even take hand-held food from fishermen.
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8.6.14.

Risso's Dolphin, Grampus

grisJW,~

Current Status of the Species: Believed to be stable and not
endangered anywhere.
Trends in Population Size: Believed to be stable everywhere.
Distribution: In the western North Atlantic, reported from
eastern Newfoundland south to the Lesser Antilles and in
the Gulf of Mexico.
In the study area (Figure 8.14), Golley (1966) included
a record from Folly Island, South Carolina, and Paul (1968)
one from Crescent Beach, Florida. Caldwell, Caldwell, et
al. (MS) report one from Vilano Beach, Florida.
Migrations: No data are available.
Food Habits: Risso's dolphins feed on fish and squid.
Economic or Aesthetic Values: None known in the study area.
A few are taken in the Lesser Antilles for food and oil.

8.8.15.

Spinner Dolphin, Stenella cf. longirostris

Current Status of the Species: As a species, the spinner
dolphin is believed to be stable and not endangered.
Some local stocks in the eastern Pacific have received
unusual pressure, but no pressure is exerted on stocks
in the western North Atlantic except in the Lesser Antilles
dolphin fisheries.
Trends in Population Size: Some local stocks in the eastern
Pacific may be unstable, but populations in the western
North Atlantic apparently are stable.
Distribution: In the western North Atlantic, spinner dolphins
have been reported from Florida, the Gulf of Mexico, and
the Caribbean and West Indies.
We have no records for the study area but, on subjective
grounds, we would expect the species to be found there.
In
Figure 8.15 we indicate an unpublished record from near
Miami, not far to the south of the study area.
Migrations: No data are available.
Food Habits: Known to feed on squid in Florida.
In the eastern
Pacific this species feeds on squid and small fishes.
Economic or Aesthetic Values: Moderate numbers are taken for
food in the Lesser Antilles. This species often rides the
bow wake of ships and so is frequently seen at sea.

8.8.16.

Atlantic Spotted Dolphin, Stenella plagiodon

Current Status of the Species: Believed to be stable and not
endangered.
Trends in Population Size: Believed to be stable everywhere.
Distribution: Although most abundant south of Cape Hatteras,
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Records of the Risso's dolphin,
Grampus griseus.
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Record of spinner dolphin, Stenella
cf. longirostris, from near the study area.
The record which show proxi mity to the
study area , is included to show a
reasonable expectancy for the species
within the study area.
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Atlantic spotted dolphins have been reported from New
Jersey. Their range extends southward, in mainland waters,
to Venezuela. It is believed to be replaced in the West
Indies by the Bridled Dolphin.
In the study area (Figure 8.16), Caldwell and Golley
(1965) listed specimens from Cape Hatteras, North Carolina,
and Bull's Bay and near Charleston, South Carolina. They
also listed a specimen captured some 50 miles off Georgia.
Moore (1953) included records from off St. Augustine,
Florida. We have unpublished records from the Daytona
Beach, Florida, area. The species is much more common
than these few localities would suggest. It is seen off
St. Augustine, for example, during most of the year and lay
observers tell us they see spotted dolphins at sea along
the entire coast of the s~udy area.
Migrations: A continental shel1 species, local populations in
some areas move inshore in late spring, and may approach
close to shore during spring and summer.
Food Habits: Atlantic spotted dolphins feed primarily on
squid, but alsc may take a variety . of small fishes.
Economic or Aesthetic Values: In' recent years a few.have
been taken for public display.
J

8.8.17.

Bridled Dolphin, SteneZZa cf. frontaZis.
5

Current Status of the Species: Believed to be stable and not
endangered.
Trends in Population Size: Believed to be stable everywhere.
Distribution: Bridled dolphins occur in tropical and subtropical waters, especially in the West Indies where it
is believed to replace the Atlantic spotted dolphin.
Bridled dolphins have also been reported from Texas and
Florida, north to North Carolina.
In the study area (Figure 8.17), Hall and Kelson (1959)
included the only record; from Fort Macon, North C .rolina.
Migrations: No data are available.
Food Habits: No positive data are available, but it is believed that bridled dolphins feed on squid and small
fishes.
Economic or Aesthetic Values: A moderate number are taken for
food in the Lesser Antillean cetacean fisheries. None
known from the study area.

8.8.18.

StriQed Dolphin, SteneZZa coeruZeoaZba

Current Status of the Species: Believed to be stable and not
endangered.
Trends in Population Size: Believed to be stable everywhere.
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Distribution: In the western North Atlantic, striped dolphins
have been recorded from Nova Scotia south to Jamaica, and
in the Gulf of Mexico.
We have no records from the study area, but in Figure
8.18, we indicate two records to the north and south: 140
miles off New York City, N. Y. (over the lower end of the
Hudson Canyon), (Schevill and Watkins 1962), and an
unpublished record from near Stuart, Florida.
Migrations: No data are available, but it has been suggested
that indiv iduals appearing in the northernmost localities
may have ventured there from the south with fingers of
warm water.
Food Habits: No positive data are available, but believed to
feed on squid and small fishes.
Economic or Aesthetic Values: None known in the study area.
8.8.19.

Short-snouted Spinner Dolphin, SteneZZa se.

Current Status of the Species: Nothing is known of the status
of this species, if indeed it is a valid species. Assuming
that it is valid, stocks are probably stable and likely
not endangered.
Trends in Population Size: No data are available.
Distribution: Known from the West Indies ancr Florida, including
the Gulf of Mexico, in the western North Atlantic. There
is only one, unpublished, record from the study area
(Figure 8.19), from Vilano Beach, Florida.
Migrations: No data are available.
Food Habits: No data are available.
Economic or Aesthetic Values: No data available, but it is
likely that this form may enter the Lesser Antillean
dolphin fisheries.
8.8.20.

Saddleback Dolphin, Delphinus deZphis

Current Status of the Species : Believed to be stable and not
endangered as a species. Some local stocks in the eastern
Pacific have received unusual pressure, but none of
significance is exerted in the western Atlantic.
Trends in Population Size: Some local stocks in the eastern
Pacific may be unstable. In the western North Atlantic,
the species is apparently stable although some local
stocks may not be for as yet unknown reasons. In previous
years, saddlebacks were frequently encountered off the
northeastern coast of Florida (even close to shore).
However, since about 1960, the species has been conspicuously absent from that area although still seen to the
north and south. Reasons for this absence are not known.
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Only records which show proximity to
the study area are included to show a
reasonable expectancy for the species
within the study area.

7 45

e2•
e 1•
so•
19•
1e•
11•
76•
T5•
36•+-..__._.___._.......--+_._...._....._.._.,__+--'.................___.___,__-+-_.,__..L_...._..__..__~___.__.__..._._-+-...._.......~..,..-r+-,,,....,,t"--:-...__~--t·-w

·-·---

,..,/

,,

;.,

34•

- -- ---+-

k

33•

I
----+-"'---"...-- - - - 1Ht---,,--- --+-- - --..--1 - - - ----+34°
,
\
,,,"''

- - - - - - +-

.,

'

..~,~,.-·

,,,,,,

..·

---- - - - · - - -- - -- ~ - -- -......:,c..L..----1-----.<-----+---- - - - -+-- -- - ---+-33°

'

)

C

J

,

32° +-- - -- - ,i..,;::;, - ~--i-r--- -+--- -.,,...'-+-- - - - -.__- - ----+- - - ---+

/

:

,

..'

..'

,'

''

- -----+---- - ---+---- - -

''
'

31°

I
I

'

.
.~:
..'.
'

30•

-t- - - - - -

{.

'

zg•

29•

Short-snouted Spinner Dolphin

\
l
2e•·
!·

81"

Figure 8.19.

30"

.
.'

eo-

Stene/la sp.

79•

11•

Record of the short-snouted spinner
dolphin, S t eneiia sp.
746

76·

28°

15•

Distribution: In the western North Atlantic, saddleback
dolphins are widely distributed in temperate, subtropical
and tropical waters from off Newfoundland, Iceland, and
Nova Scotia south to northern South America, and including
the Gulf of Mexico.
Iri the study area {Figure 8.20), Caldwell and Golley (1965)
listed specimens from Beaufort, North Carolina, and Edisto
Island, South Carolina {a record from Georgia was incorrect--see Caldwell, Neuhauser, et al. 1971). Moore (1953)
recorded specimens from off St. Augustine, Florida, and
Layne (1965) listed stranded animals from Crescent Beach
and just north of Marineland, Florida.
Migrations: The presence of this species in the more northern
parts of its range appears to coincide with the intrusion
of warm waters into those areas. Data are insufficient
for a statement in the study area.
Food Habits: This species feeds on squid and a variety of
small fishes.
Economic or Aesthetic Values: None known for the study area
at this time.
In past years a few were taken for public
display, and some may enter the commercial dolphin fisheries
for food in the Lesser Antilles.
8.8.21.

Pygmy Killer Whale. Feresa attenuata

Current Status of the Species: Believed to be stable and not
known to be endangered.
Trends in Population Size: Probably stable everywhere, but
data are very limited on this species worldwide.
Distribution: In the western North Atlantic known only from
three records from tropical and subtropical waters.
Not yet reported from the study area, but it seems likely
that it will be at least in Florida. In Figure 8.21 we
include the three known western North Atlantic records:
from St. Vincent in the Lessar Antilles {Caldwell and
Caldwell 1971a), from near Brazos Santiago Pass on Padre
Island, Texas {James, Judd and Moore, 1970), and from near
Riviera Beach, Florida {Caldwell, Caldwell, et al., MS).
Migrations: None known.
Food Habits: Data are not available, but presumed to feed on
squid and possibly fishes.
Economic or Aesthetic Values: This species has been taken in
the commercial dolphin fisheries of the Lesser Antilles.
8.8.22.

False Killer Whale£ Pseudorca crassidens

Current Status of the Species:
endangered.

Believed to be stable and not
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Records of pygmy killer whales,
Feresa attenuata, from near the study
area. Only records which show proximity
to the study area are included to show
a reasonable expectancy for the species
within the study area.

749

Trends in Population Size: Believed to be stable everywhere.
Distribution: In the western North Atlantic, widely distributed in tropical, subtropical, and warm temperate waters,
having been reported from Maryland south to the Lesser
Antilles and the southeastern Caribbean, and including
the Gulf of Mexico.
In the study area {Figure 8.22), Caldwell and Golley
{1965) listed a specimen from near Cape Hatteras, North
Carolina, another presumably from near Charleston, South
Carolina, and one from Tybee Island, Georgia. Caldwell,
Caldwell and Walker {1970) reported a single animal
stranded near Ponce de Leon Inlet {near Daytona Beach),
Florida.
Migrations: No data available.
Food Habits: False killer whales feed primarily on squid and
large fishes.
Economic or Aesthetic Values: None known from the study area,
but this species is notorious for stealing large fishes
from the lines of snapper and grouper fishermen. A few
are taken in the Lesser Antilles for food and oil.
8.8.23.

Atlantic Pilot Whale, Globicephata metaena

Current Status of the Species: Believed to be stable and not
endangered.
Trends in Population Size: The status of populations of this
species is unknown, but except for local populations that
have received heavy fishing pressure in the recent past
they are probably stable.
Distribution: Known from Iceland and Greenland south to North
Carolina. We do not have records from the study area,
but from just north of there {Figure 8.23) Mead {1973)
listed a stranding from Nags Head, North Carolina. This
is the southernmost record for the species.
Migrations: Seasonal movements in general show peaks of
abundance toward the northern part of the range in the
warmer months. Although data are limited for the southern
part of the range, occurrence near the study area is
probably limited to the cooler months.
Food Habits: Atlantic pilot whales feed primarily on squid,
but some fishes are eaten as well.
Economic or Aesthetic Values: None known near the study area.
Elsewhere in its range a few have been taken in recent
years in local fisheries.
8.8.24.

Short-finned Pilot Whale,

Current Scatus of the Species:

GLobice~haLa macrorhuncha

Believed to be stable and not
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Records of the Atlantic pilot whale,
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endangered.
Trends in Population Size: Believed to be stable everywhere.
Distribution: Although short-finned pilot whales have been
reported from Delaware Bay, their normal range apparently
extends from Bermuda and Cape Hatteras (Virginia in summer)
south to northern South America, and including the Gulf
of Mexico.
In the study area (Figure 8.24), Caldwell and Golley (1965)
included the following records: North Carolina at Baldhead
Island in the Cape Fear River, Beaufort, Cape Lookout,
and Cape Hatteras; South Carolina at Folly Beach, Cherry
Grove Beach, Bull's Island, Caper's Island, Fripp's Inlet;
Georgia at Ossabaw Island, St. Simons Island, Jekyll
Island, Wassaw Island, Bull River near Wassaw Sound.
Caldwell, Neuhauser, et al. (1971) list this species from
Litt St. Simons, Little Cumberland, and Ossabaw Islands
in Georgia, and from Hilton Head Island and Bird Island
in Bull's Bay in South Carolina. Caldwell, Neuhauser,
et al. (MS) have records from Daws Island, South Carolina,
and Sapelo Island, Georgia. There are recent unpublished
records, that received consi~erable public attention,
from near Beaufort, North Carolina, and Kiawah Island,
South Carolina. Moore (1953) listed strandings from "near
Marineland" (actually Crescent Beach) and between Daytona
Beach and New Smyrna Beach, Florida. Lay ne {1965) noted
Florida records from Amelia Island, Flagler Beach, South
Ponte Vedra Beach, and about 50 miles off Marineland.
Space does not permit our including all of the above records
on Figure 8.24.
Migrations: Althoug h recent writers hav e ind icated e v i d ence
for seasonal mig ration, the many r e cords now s e em t o
ind icate no strong s e asonal movements althoug h t r 9nds
may d evelop und er closer scrutiny of available and future
d ata.
Food Hab i ts : Short-finned p ilot whales feed on s q uid and fish.
Economic or A~sthetic Values: Non e k nown in the study area,
but small numbe rs are tak en for food and o il in the Lesser
An tilles.
8.8.25.

Killer Whale, Orainus oraa

Current Status of the Species: Believed to be stable and not
endangered.
Trends in Population Size: Believed to be s t able everywhere.
Distribution: In the western North Atlantic , killer whales
have been reported from the polar pack ice south to
Florida and the Lesser Antilles, and including the Gulf
of Mexico.
I n the study area (Figure 8.25) , Caldwell and Golley (1965)
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Records of the short- finned pilot whale,
GZobicephaZa macrorhyncha.
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Records of the killer whale, Orc i nus
ar ea.
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included a sight record from off New River Inlet, North
Carolina, and Golley (1966) listed a specimen from Bull's
Island, South Carolina. Layne (1965) listed two apparently
valid sight records from off Marineland, Florida.
Migrations: Movements apparently relate to migrations of their
food supply. In general, killer whales are found in more
northern waters in the warmer months.
In the Lesser
Antillean fisheries they are taken most often in summer.
No data are available for the study area.
Food Habits: Killer whales feed on squid, fishes, sea turtles,
seabirds and other marine mammals.
Economic or Aesthetic Values: None known in the study area.
A few are taken for food and oil in the Lesser Antilles,
and in the eastern North Pacific a few have been taken in
recent years for public display and research.
8.8.26.

Harbor Porpoise, Phocoena phocoena.

Current Status of the Species: Believed to ·be stable and
not endangered.
Trends in Population Size: Believed to be stable everywhere.
Distribution: In the western North Atlantic, this species
has been reported from the Davis Straits and the waters
of southwestern Greenland to North Carolina.
In the study area (Figure 8.26), Caldwell and Golley
(1965) listed a single specimen from Royal Shoal,
Pamlico Sound, North Carolina.
Migrations: None known.
Food Habits: Harbor porpoises feed mainly on bottom fishes,
but some oollusks and crustaceans may also be eaten.
Economic or Aesthetic Values: None known in the study area.
8.8.27.

Sperm Whale, PhyseteP catodon

Current Status of the Species: considered endangered by u. s.
authc=ities (U. s. Fish and Wildlife Service 1973). Data
are limited for the study area, but there have been more
records recently in adjacent areas than in past years
which indicates that the species may at least be stable
in this general region.
Trends in Population Size: Although considered by some to be
endangered, it is said that in most places, stocks are
above maximum sustainable yield levels. Data are not
sufficient for a statement regarding the study area.
Distribution: Widely distributed in oceanic waters of the
western North Atlantic, from Davis Straits southward to
northern South America.
In the study area (Figure 8.27), Caldwell and Golley (1965)
756
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Phocoena phocoena
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Records of the sperm whal e, Physeter
aatodon.
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listed two records frcm Wrightsville Beach, North
Carolina. Golley (1966) included a record from Daws
Island in the Broad River, South Carolina. Caldwell,
Neuhauser, et al. (MS) include a record from Hunting
Island, South Carolina; Caldwell, Caldwell, et al. (MS)
list one from near Ponte Vedra Beach, Florida; and Moore
(1953) noted a stranding at Cape Canaveral, Florida. Also
see note below regarding historical whaling grounds off
the study area.
Migrations: There is some variation between males and females,
but in general both groups move northward during spring and
summer and return to southern portions of their range (the
temperate and tropical waters) in the fall. This applies
also to the study area, where sperm whales arrive in the
early fall.
·, .
Food Habits: Sperm whales feed primarily on squid, but may
also eat a variety of fishes.
Economic or Aesthetic Values: Although no longer sought there,
the so-called "Hatteras Grounds" and "Charleston Grounds"
were important historical sperm-whaling grounds in the
western North Atlantic. Sperm whales are still hunted
elsewhere, and a few are taken in the Lesser Antillean
cetacean fisheries .

8.8.28.

Pygmy Sperm Whale, _-:o(lic. ;•revi.ccps

Current Status of the Species: Believed to be stable and not
endangered. Apparently this species is not as rare as i t
was once thought to be.
Trends in Population Size: Believed to be stable everywhere.
Distribution: In the western North Atlantic, pygmy sperm whales
have been found as f~r north as Nova Scotia and as far
south as Cuba, and including the Gulf of Mexico.
In the study area (Figure 8.28), Caldwell and Golley
(1965) listed records from North Carolina (near Atlantic
Beach), South Carolina (Pawley's Island, Isl~ of P~lrns,
Sullivan's Island, Seabrook's Beach, Debedien Beach of
Arcadia Plantation, South Carolina side of the Savannah
River entrance), and Georgia (Sea Island near Brunswick,
Sapelo Island). Caldwell, Neuhauser, et al. (1971)
included records from South Carolina (Hilton Head Island,
Breach Inlet between Sullivan's Island and the Isle of
Palms) and Georgia (Blackbeard Island, Jekyll Island, and
Sapelo Island). Caldwell, Neuhauser, et al. (MS) have
Georgia records from Ossabaw, Cumberland and Tybee Islands.
Moore (1953) listed this species from near Marineland,
St. Augustine Beach, Matanzas Inlet, and Crescent Beach,
Florida. Layne (1965) added Florida records from Ormond
759
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Records of the pygmy sperm whale,
Kogia breviaeps
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Beach, St. Augustine Inlet, near Marineland, and St •
Augustine Beach. We have a number of unpublished records
including ones from St. Simons Island, Georgia, and
Atlantic Beach, near Ponte Vedra Beach, Vilano Beach and
Flagler Beach, Florida; also from a number of northeastern Florida localities already noted above. Space
does not permit our including all records listed above
in Figure 8. 28.
Migrations: None known. The large numbe r s of strandings do
not show any real seasonal trends.
Food Habits: Pygmy sperm whales feed p rimari ly on squid, but
take some fishes as well.
Economic or Aesthetic Values: None known in the study area •
8.8.29.

Dwarf Sperm Whale, xorda sim1:s

Current Status of the Species: Believed to be stable and not
endangered .
Trends in Population Size: Believed to be stable everywhere.
Distribution: In the western North Atlantic, the dwarf sperm
whale has been reported from Georgia, south to St.
Vincent in the Lesser Antilles and in t he Gulf of Mexico.
In the study area (Figure 8.29), Caldwell, Neuhauser,
et al. (1971) listed a specimen from Ossabaw Island,
Georgia. We have unpublished records from Fernandina
Beach, near Atlantic Beach, Vilano Beach, and St.
Augustine, Florida.
Migrations: None known.
Food Habits: This species feeds primarily on squid, but
apparently eats some crustaceans as well .
Economic or Aesthetic Values: None known in the study area.
A few are taken for food and oil in the Lesser Antillean
cetacean fisheries for food.
8.8.30.

Antillean Beaked Whale, MesopZodon europaeus.

Current Status of the Species: Believed to be stable and not
endangered.
Trends in Population Size: Believed to be stable everywhere.
Distribution: In the western North Atlantic, reported from
the latitude of Long Island, New York, south to Florida
and into the Gulf of Mexico and Caribbean (including the
West Indies) .
In the study area (Figure 8.30), Moore (1966) listed a
specimen from St. Augustine, Florida. Caldwell, Caldwell,
et al. (MS) include one from Fernandina Beach, Florida.
Migrations: No data available.
Food Habits: Known to feed on squid.
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Economic or Aesthetic Values: None known in the study area,
but a few are probably taken elsewhere in commercial
fisheries such as those of the Lesser Antilles.
a.8.31. · True's Beaked Whale, MesopZodon mirus.
Current Status of the Species: Believed to be stable and not
endangered.
Trends in Population Size: Believed to be stable everywhere.
Distribution: In the western North Atlantic, reported from
Cape Breton Island south to northeastern Florida.
From the study area (Figure 8.31), Caldwell and Golley
(1965) list individuals from Beaufort and New Inlet,
North Carolina, and three from Charleston, South Carolina.
Moore (1966) includes another record from near Beaufort,
North Carolina and one at Flagler Beach, Florida.
Migrations: Northernmost records are for the summer months,
but no detailed data on migrations are ~vailable.
Food Habits: No data available.
Economic or Aesthetic Values: None known in the study area.
8.8.32.

Dense-beaked Whale, Me so p Zodon de nsir ostr is .

Current status of the species: Believed to be stable and not
endangered.
Trends in Population Size: Believed to be stable everywhere.
Distribution: In the western North Atlantic, reported from
Nova Scotia south to Florida.
In the study area (Figure 8.32), Moore ( 1966) lists
specimens from near Beaufort, North Carolina, and Charleston,
South Carolina. Mead (1973) includes a record from Cape
Hatteras, North Carolina, and Caldwell and Caldwell (1971b)
one from Crescent Beach, Florida.
Migrations: No dat~ are available .
Food Habits: Known to feed on squid.
Economic or Aesthetic Values: None known in the study area.
8 . 8.33.

Goosebeaked Whales , Ziphius cavirostris.

Current Status of the Species: Believed to be stable and n ot
endangered. Apparently this species is not as uncommon
as once believed.
Trends in Population Size: Believ ed to be stable everywhere .
Distribution: Reported i n the western North Atlan tic from the
region of Massachusetts a n d Rhode Islan d south throug h
the West Indies, and into the Gulf of Mexico.
In the study area (Figure 8 . 33), Caldwell and Golley ( 1965)
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included records from Sullivan's Island and Charleston,
South Carolina, and St. Simons Island, Georgia. Golley
(1966) listed records ·from Edisto Island and Cape Island,
South Carolina. Caldwell, Neuhauser, et al. (1971) noted
specimens from Wassaw and Little Cumberland Islands,
Georgia, and Caldwell, Neuhauser, et al. (MS) one from
Cumberland Island, Georgia. Wood and Moore (1954)
included one from Vilano Beach, Florida, and Layne (1965)
noted records from St. A•~gustine Beach and the north end
of Anastasia Island (possibly both from the same animal- auth.), Florida . Hansen and Weaver (1963) provided a
record from near North Daytona Beach, Florida.
Migrations: No data are available.
Food Habits: This species feeds primarily on squid.
Economic or Aesthetic Values: None known in the study area.
A few are taken elsewhere in commercial fisheries.
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