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ABSTRACT

A study was made of the intertidal zore 7 aged weaden
pilings from February to June, 1967 at Gloucester Point Virginia,
located in the lowey York Piver estuary. Twenty-six species of
mérine algae were found grouped into three floristic zones.

Nine species weve limited te below mean low wotcer, walca
Jaltalted the lowest ron2. 1In this group there were six Rhodophyta
snd three Chlorophyta. Seven floral levels comprised tlce riddle
floristic zone between mean low water to a height of 74 cm above
mean low water. These levels cre based on uppermost range
extensions of sixteen specics (six Cyanophyta, two Rhodophyta,
one Phaeophyta and seven Chlorophyta). The Cyanophyta Calothrix
crustacea formed the highest floristic zone attaining a maximum
height of 122 cm above mean low water.

Collections from acrylic plastic plates showed a change
in the floral ccempecition below mean low weater during May and June.

Six species were found dvring the study period that were
previcusly unreported from Virginia: Ectocarpus confervoides
Enteromorpha compressa, Enteromorpha erecta, Enteromorpha prolifera
Monostroma leptodermum and Ulothrix flacca.
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INTRODUCTION

Study of the ecology and distribution of benthic marine
algae along the coasts of Delaware, Maryland and Virginia, including
Chesapeake Bay and its estuaries, has been sadly neglected. Only
recently have studies been initiated on the marine algae in this
region. Zaneveld and Barnes (1965) elucidated the seasonal perio-
dicity of some marine algae in lower Chesapeake Bay. The Cyanophyta
from Cape May, New Jersey to Cape Hatteras, North Carolina have been
described (Zaneveld, 1966), and a preliminary survey ;f the marine
algae of Delaware has been completed (Zaneveld, 1966b).

The first significant study of intertidal zonation of
marine algae on the Atlantic coast of North America was by Johnson
and Skutch (1928) at Mt. Desert Island, Maine. T. A. Stephenson and
A. Stephenson surveyed the intertidal fauna and flora of the Florida
Keys (1950), northern Florida to the Carolinas (1952) and Nova Scotia
and Prince Edward Island (1954). Kingsbury (1962), in determining
the effects of wave-action on the composition of an algal population
on a rock jetty at the entrance to West Falmouth Harbor, Massachusetts,
described vertical limits for a large number of intertidal algae.
Recently Earle and Humm (1964) completed a study of the summer marine
flora inhabiting various intertidal substrata in Beaufort Harbor,
North Carolina.

The horizontal and vertical distribution of marine flora in

estuarine conditions is poorly known. The local environment



provided an opportunity to study the vertical distribution of benthic
marine algae in an estuarine environment. The present work describes
the upper vertical linits of marine algae (Cyanophyta, Rhodophyta,
Chlorophyta and Ilizeophyte) found during the months February to Jume,
1967, in the lower York River estuary (Fig. 1) adjacent to the
Virginia Institute of Marine Science (VIMS). Observations on
colonization and succession of some species are presented and the
relationship of‘environmental parameters to the presence and

distribution of species is discussed.
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Fig. 1. Chart of Tidewater Virginia showing collection area in
lower York River adjacent to the Virginia Institute of
Marine Science at Gloucester Point, Virginia.



REVIEW OF RELATED LITERATURE

Intertidal zonation has intrigued investigators for many
years and numerous attempts have been made to delimit universally
recognizable intertidal zones. The precise limits of these zones,
terminology and eharacterizing criteria vary greatly among authors
(Doty, 1957). Descriptions based solely on the position of prominent
or abundant intertidal organisms are adequate only in the area
investigated; the vertical range of a species may differ throughout
its horizontal distribution. Also some species are seasonal entities
and most studies are insufficient for delimiting a global zonation
scheme because tides are peculiar to each location; classifications
employing numbers or letters have similarly failed.

The proposed classifications of intertidal areas have been
excellently reviewed and analyzed by Doty (1957). The most widely
used system in existence today is that of T. A. Stephenson and A.
Stephenson (1949). They divided the share into three basic regions:
the supralittoral fringe, midlittoral and infralittoral fringe. The
supralittoral fringe extends from the upper limit of littorinids,
which is slightly above extreme high water springs (E.H.W.S.) to the
upper limit of barnacles just below extreme high water neaps (E.H.W.N.).
In this area, not wetted by every high tide, Cyanophyta, and in
particular Calothrix, are usually abundant. The midlittoral zone is

situated between the supra- and infra-littoral fringes and is alter-



nately submerged and exposed by every tidal cycle. The infralittoral
fringe extends from the lower limit of barnacles, at extreme low water
neaps (E.L.W.MN.) bordering on laminarians (sometimes replaced by
Rhodophyta), down to approximately extreme low water springs (E.L.W.S.).
Despite objections to the system (e.g., Womersley and Edmonds, 1952),
flexibility has ensured its wide acceptance.

Several environmental factors exert different degrees of
influence on eagh species inhabiting intertidal areas (Colman, 1933;
Doty, 1957; Southward, 1958; Lewis, 1964). Tides essentially control
the vertical distribution of intertidal organisms in the marine enviran-
ment. Tidal amplitude is the primary factor determining the height of
intertidal faunal and floral assemblages. In areas of extremely great
tidal amplitude tlic vertical widths of floral zones are expanded with
only limited control by wave-action; in areas with a reduced tidal
range, certain zones may be eliminated and the assemblages governed by
other variations, such as waves.

Doty (1946) recognized six intertidal zones along the Oregon
and California coasts and related each to a critical tidzl Ievel. The
coocept of critical tide levels, first introduced by Ceclman (1933),
presupposes that intertidal organisms have a certain tolerance limit to
atmospheric expcsure and submergence beneath the water. Few studies on
intertidal zonation have been related to precise tidal heights because
of a lack of adequate reference points and concurrent tidal measurements.

Wave-beaten shores are generally more complex, often showing
less clearly defined zones. The amount, type and strength of waves must
be considered. Southward (1958) stated two ways in which waves may

influence zonation: (1) wetting by waves or splash of sufficient
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height or frequency may act similarly to tides and (2) mechanical
action due to wave energy may promote or discourage growth of certain
organisms. Instruments for measuring intensity of waves have not been
thoroughly utilized. Johnson and skutch (1928) found the upper limit
of the intertidal zone elevated two feet or more (due to wave=-action)
on the open ocean side of Mt. Desert Island, Maine over that in nearby
quieter waters. Kingsbury (1962) and Southward and Orton (1954) found
increased complexity and a greater number of species on the wave-beaten
sides of jetties. Doty (1946) stated that wetting by waves every few
seconds is comparable to constant submergence.

Semidiurnal tides are characteristic of the Western Atlantic;
twice daily the intertidal zone is exposed to the atmosphere and sub-
merged beneath the water. While out of water, algae are subjected to
osmotic stress modified by desiccation and rain. The physiological
adaptations by intertidal algae to desiccation, osmotic changes,
temperature and light are reviewed by Biebl (1962).

In temperate latitudes blue-green algae are conspicuous
members of the intertidal zone. Drouet and Daily (1956) and Drouet
(1962, 1963, 1964) stated that different enviéonmental conditions
promote ecological growth forms (ecophenes) of many Cyanophyta. On
this basis Drouet (personal communication) is presently revising the
classification of the Oscillatoriaceae, which will significantly reduce

the number of genera and species in this group.



METHODS AND MATERIALS
Biotic Sampling

To determine intertidal zonation, systematic, qualitative
collections werelmade from aged wooden pilings at the end of the old
ferry pier at Gloucester Point, Virginia. These pilings were
selected because their flora is probably most representative of the
local intertidal zonation and they present a continuous surface
throughout the intertidal zone. In January a metric rule was attached
to the south facing side of selected pilings and at least once each
month during the spring all material from a strip 8 cm wide, from about
38 cm below mean low water (MLW) to about 140 cm above MLW, was removed
in 4 cm segments and placed in 4 oz jars containing 5% seawater
formalin. Each month a new surface was sampled.

To determine colonization and succession, two temporary
substrata, each consisting of a series of 4 x 8 cm roughened acrylic
plastic plates, were juxtaposed in a holder and oriented in a vertical
plane (Fig. 2). A 4 cm interval rule was painted on the holder for
orientation, and the collector was designed so that it could be removed
from the water periodically in order for subtidal sampling to be
acomplished.

All acrylic plastic plates were inspected monthly. From one
series of plates a record of the species present was made, the plates
were completely cleaned and returned to the holder. The data provided

an indication of which species had colonized the substrata during the
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Fig. 2. Temporary collector with acrylic plastic substrata.
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previous month. From the second series of plates, the algae were
identified and the plates returned intact to their normal sequence
in the holder without removal of any material. This provided
information on algal succession.

Names for the Oscillatoriaceae (Cyanophyta) identified in
the collections are based upon a revised system of classification

(Francis Drouet, personal communication). Of the Cyanophyta found in

this studyyDrouet regards Lyngbya confervoides C. Agardh ex Gomont,
L. lutea (C. Agardh) Gomont ex Gomont, L. semiplena (C. Agardh) J.
Agardh and Oscillatoria nigro-viridis Thwaites in Harvey ex Gomont

as ecophenes of Microcoleus lyngbyaceus, Oscillatoria laetevirens

Crouan ex Gomont as an ecophene of Microcoleus chthonoplastes, and

Oscillatoria salinarum Collins and Q. subuliformis Thwaites in Kutzing

ex Gomont as ecophenes of Porphyrosiphon notarisii.

Measurement of Physical and Chemical Factors

SALINITY - Salinities were determined with an Industrial
Instruments Induction Salinometer, Model RS-7A,from water samples
taken periodically in the collection area.

WATER TEMPERATURE - A Foxboro thermograph installed at the
end of the VIMS laboratory pier (about 100 yards from the collection
area) gave a continuous reading of bottom water temperature in degrees
Fahrenheit. Daily extremes and hourly values were converted to degrees

Celsius for calculation of daily averages and ranges.
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AIR TEMPERATURE - A Belfort Hygro-Thermograph (No. 5-594),
employing a bimetallic assembly housed in a standard ventilated
instrument shelter, provided a continuous reading of air temperature
in degrees Fahrenheit. From this record, daily extremes and averages
(based on hourly values) were tabulated in degrees Celsius. The
instrument was located atop the main laboratory building of the
institute, Maury Hall.

TIDES - From .the Coast and Geodetlc Survey tidal station,
located at the'end of the VIMS laboratory piler, tidal heights at
hourly intervals and times and heights of high and low waters were
obtained. Mean low water (MLWp, mean tide level (MIL) and mean high
water (MHW) were determined for each collection by tabulating the
respective tidal heights from a 30 day period prior to sampling. This
30 day period was selected because a population of algae could become

extablished or be decimated in this time interval.
Statistical Analysis

By summarizing the data for all collections, a fairly
accurate estimate of the intertidal range for each species was
determined. Relative positions of floral assemblages and the degree of
relationship (expressed as percent) between each and every 4 cm height
in the intertidal zone was determined using Jaccard's coefficient of

waS USED
community (Jaccard, 1902), A trellis diagraqﬁfor illustration. The

formula for Jaccard's coefficient is:

c
CJ:m x 100
where ¢ is the total number of species common to both heights and a and

b are the number of species in each height respectively.



RESULTS

Ten collections were made between January and June, 1967,
six from aged wooden pilings (February 16, March 14 and 29, April 24,
May 30 and June 20), two from the temporary substrata for determining
colonization (Jgne 1 and 30) and two from the temporary substrata for
determining succession (June 1 and 30).

Twenty~-six species of marine algae were collected and
identified during the collection period from February to June. Of
these, seven wer Cyanophyta, eight Rhodophyta, ten Chlorophyta and
one Phaeophyta. Species that were previously not reported from
Virginia are listed in Table I, and a complete list of all species

collected is given in Appendix A.

Monthly average salinities for the period January, 1966 to
June, 1967 show a yearly cyclic variation with maximum values (23~
24 ° /oo) occurring in January and February, 1966 and then again in
September, 1966 and January, 1967. Minimum values (18-19 ©/oo)
occurred in May, 1966 and April, 1967 (Fig. 3). Salinity variations
during a single tidal fluctuation are generally sbout 0.5 ©/oo.

Water temperatures were lowest during the end of February and
the beginning of March; subsequently a steady increase occurred through
June (Fig. 4). Air temperature was quite variable throughout the spring
with a recorded low of =9.4 C on February 25 and a high of 37.8 C on
June 25. The average daily air temperature is given in Figure 5. A

monthly summary of the mean lows, mean highs and means for water

12
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TABLE 1

SPECIES PREVIOUSLY UNREPORTED FROM VIRGINIA

Phaeophyta

Ectocarpus tonfervoides (Roth) Le Jolis

Chlorophyta

Enteromorpha compressa (Linnaeus) Greville
Enteromorpha erecta (Lyngbye) J. Agardh
Enteromorpha prolifera (Miller) J. Agardh
Monostroma leptodermum Kjellman

Ulothrix flacca (Dillwyn) Thuret
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temperature and air temperature are given in Appendix B.

Seasonality
Table II shows the record of occurrence of algae collected

from all substrata employed in the study. Ulva lactuca, Porphyra

unbilicalis and Callithammion byssoides were particularly abundant in

the February collection. A few specimens of Polysiphonia denudata,

P. nigrescens, Dasya pedicellata, Bryopsis plumosa, Enteromorpha

compressa, E. erecta, E. intestinalis and E. linza were also present.

Dasya pedfc®llata was collected from the permanent substratum only in
Februar;, l.owever, this alga was found on other intertidal pilings and
oyster shells in the adjacent Zostera beds during June, July and
August. Polysiphonia nigrescens, present only in February and March
collections, had tetrasporic and cystocarpic representatives in the
respective months.

Beginning in March and continuing into June three species
characteristic of the spring flora were evident on the collection

substrata. These included Ulothrix flacca, which was very abundant

on barnacles, Ectocarpus confervoides and Porphyra umbilicalis.

By June many species rather common in the summer flora for

the area appeared in the collections, such as Enteromorpha compressa,

E. linza, E. intestinalis, E. prolifera, Ceramium rubrum, Polysiphonia

denudata and Bangia fuscopurpurea. Small specimens of Ceramium rubrum

and Callithamnion byssoides were particularly abundant below MLW on
the temporary substrata in June.

With regard to the Cyanophyta, Microcoleus lyngbyaceus and
Calothrix crustacea were present throughout the sampling period; the

latter was particularly dense in May and June. Entophysalis deusta
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TABLE II

RECORD OF OCCURRENCE OF ALGAE COLLECTED FROM ALL SUBSTRATA

SPECIES FEB MAR APR MAY JUN
Calothrix crustacea X X pd X X
Entophysalis deusta X X X X
Microcoleus chthonoplastes X X
M. lyngbvaceus X X X x X
Porphyrosiphon notarisii x X X
Schizothrix calcicola X X X X
Spirulina subsalsa X x X X
Bangia fuscopurpurea X
Callithamnion byssoides b4 X
Ceramium rubrum X
C. strictum p S
Dasva pedicellata X
Polysiphonia denudata X X
P. nigrescens X X
Porphyra umbilicalis X X x
Ectocarpus confervoides X X X
Brvopsis plumosa X
Enteromorpha compressa X X
E. erecta X
E. intestinalis X X
E. linza X X X
E. minima X
E. prolifera X X x
Monostroma leptodermum X
Ulothrix flacca X X x X

Ulva lactuca X x b3
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and Schizothrix calcicola were common during the study period, but

neither were found in the first collection. Spirulina subsalsa was

present every month but May, however, this was probably the result of

a collection anomoly. Microcoleus chthonoplastes was present in

March and April and Porphyrosiphon notarisii from April to June.

Colonization and Succession

The acrylic plastic temporary substrata were inspected
monthly, althrough colonization and growth of algae were not evident
until the June 1 Eollection despite the fact that the substrata were
set out in January. Thus, algae had commenced setting on these sub-
strata during May. Detrital matter and sediment were not present on
either set of temporary substrata until late April, althrough they
were found on the colonization substrata in the May and June
collections.

In the first collection (June 1) from succession plates
(i.e., those plates left in the holder throughout the spring) five
algal species were present. Also some small filaments of Entero-
morpha, which could not be identified to speciesgoccurred only at
=34 cm (Fig. 6). E. intestinalis was the only species found above

MLW, ranging from =30 to +10 cm. Ceramium rubrum, Callithamnion

byssoides, Ectocarpus confervoides and Enteromorpha compressa were

limited to below MILW. Some of the specimens included in the collec=
tions from these plates were taken from sessile animals attached to
the succession substrata.

From the temporary substrata used to determine coloniza-
tion (i.e., those plates cleaned monthly of all detritus and algal

growth), the first collection, June 1, showed four species present
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(Fig. 7), two of which (Ceramium rubrum and Ectocarpus confervoides)

were also present on the succession subsgtrata on the same collection

date. Enteromorpha prolifera ranged from =46 to =42 cm. Ceramium

rubrum was found only at =42 cm. Ectocarpus confervoides and some

unidentified filaments of Enteromorpha were found as high as -14 cm
and ranged downward to -46 and -38 cm respectively. Ulothrix flacca
occurred between +10 and +22 cm.

A secqnd collection from both temporary substrata was made
on June 30 (Figs. 8, 9) and the four species present on the coloniza-
tion substrata were also found on the succession substrata. Only two
of the species present on the first collection date were in evidence
on June 30: Callithamnion byssoides found only on the succession sub-
strata at =42 cm June 1 occurred from =34 to =22 cm and =30 to =18 cm
on the succession and colonization substrata respectively. Entero-
moxpha intestinalis, present on the succession substrata June 1 from
=30 to -10 cmyhad ranges of =22 to +42 cm on the succession substrata
and =46 to +30 cm on the colonization substrata in the second collec~-

tion.

On June 30 Enteromorpha linza ranged from =2 to +6 cm and

Polysiphonia denudata occurred from =26 to =2 cm on the colonization

substrata; on the succession substrata the ranges were =6 to +18 cm
and =34 to -6 cm respectively. Other species present only on the
succession substrata included Spirulina subsalsa, Ulva lactuca and

Microcoleus lyngbyaceus.
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Intertidal Zonation
Figures 10 to 15 depict the intertidal floral distribution
on aged wooden pilings (permanent substrata):. Fig. 10, February 16;
éig. 11, March 14; Fig. 12, March 29; Fig. 13, April 25; Fig. 14, May
30; and Fig. 15, June 20.
A summary of the intertidal floral ranges is shown in Figure

16 for which the results of each collection have been collated. All

species of Rhodophyta, except Bangia fuscopurpurea and Porphyra umbil=~
icalis, were confined to below MLW; species of Chlorophyta, Cyanophyta
and one Phaeophyte had ranges extending above MLW.

The trellis diagram in Figure 17 shows the degree of floral
relationship between 4 cm intervals in the intertidal zone. Between
=34 and =10 cm there was better than a 75 percent association, which
results from few upper or lower species distribution limits in this
zone; however, from ~14 cm to MLW the degree of association between
adjacent intervals varied from 46 to 78 percent because many of the
intertidal constituents have their lower distribution limits in this
area.

From MLW to +62 cm there was better than a 75 percent assoc-
iation between at least two and sometimes as many as six adjecent 4 cm
intervals. The breadth of this 75 percent plus association over 4 cm
intervals varied because 11 species had their upper distribution limits
within this span. From +62 to +70 cm the association was between 50

and 75 percent; this area formed the upper limit for Enteromorpha linza,

Porphyra umbilicalis and Microcoleus lyngbyaceus. Also, the presence

of Bangia fuscopurpurea at only one intertidal interval (+66 cm) adds

to this phenomenon. The less than 50 percent relationship between +74



species

N

126
122
118

114

110
106
102
98
94
90
36
82
78
74

MHW-/0

MTL-

Fig.

66
62
58
54
50
46
42
38
34
30
26
22
18
14

P. nigrescens
edicellata
S. subsalsa

D.

26

intestinalis
lvnebvaceus

lumosa
lactuca

denudata
C. crustacea

P. umbilicalis

C. byssoides
E. compressa

E. linza

E. erecta

P.
u.
E-
M.

L

L

»
b
»

10.

Intertidal

b
b
]
XX XX XX

L]
b

zonation on the permanent substratum, February 16.



27

rolifera
lactuca
byaceus

flacca
deusta

species

N

126
122
118
114
110
106
102
98
94
90
86
82
78
74
MHW= 70
66
62
58
54
50
46 X
42 X
38 X

MIL=34 fr-=-===-====ss=ssssssscs=sc-=oc- go=TSmeSsSsssssssossssses-e-
30
26 X
22 x

18 X
14 b4 X
10 X X X
x
x

P. nigrescens
« 1

P, umbilicalis
S. calcicola
C. crustacea

E.
u.
u.
E.
M

1
1
1
'
)
]
'
¢
'
s
'
'
i
1
1
:
]
’
!
1
]
'
:
'
[}
'
'
]
[
'
'
'
'
'
3
L A B

Fig. 12. Intertidal zonation on the permanent substratum, March 1l4.



species

cm

126
122
118
114
110
106
102
98
94
90
86
82
78
74

MHW- 70

66
62
58
54
50
46
42
38

MTL-34

Fig.

30
26
22
18
14
10

28

plastes

lvnegbvaceus

linza

E. confervoides
flacca

P. umbilicalis

S. subsalsa
S. calcicola

C. crustacea

E. minima

M. chthono

E. deusta

U
M.
E.

1
]
1
]
[]
]
]
[ ]
3
]
[}
1
]
]
)
]
]
[ ]

Lol
"
b
"
LI T

" -

b
L T A
b L I ]

12.

Intertidal zonation on the permanet substratum, March 29.



29

leptodernum
lyngbvaceus
plastes
rolifera

flacca
deusta

species

P. umbilicalis
E
E.

P. notarisii
S. calcicola

C. crustacea

S. subsalsa

M. chthono

‘E. confervoides

C. strictum

M.
u.
u.

cm
126

122
118
114
110
106
102

I - R B S

E

N
P IRV
%o
MEEEE

[}
—
2

b

»

Fig. 13. Intertidal zonation on the permanent substratu, April 25.



30

lyngbvaceus

species

N

126
122
118
114
110
106
102
98
94
90
36
82
78
MHW= 74 === mmme=e— -
70
66
62 x
58 X
54 X
50 X X
46 X b4
42 X X X
MTL- 38 fome®aucBaaanan Beccccmcnccmcccaenaacna—aa
34 X X
30 X X X X
26
22
18
14
10
6
2

notarisii

deusta

flacca
S. calcicola
C. crustacea

u.
P.
E'
g.

R DS e N W e w0 =W = P L L R L

EE A I O

»

MLW =5

-6
-10
-14
-18
-22
-26
=30
=34
-38
-42
-46

Fig. 14. Intertidal zonation on the permanent substratum, May 30.




31

rolifera
lactuca
linza
lyngbvaceus
deusta

species

AN

126
122
118
114
110
106

B. fuscopurpurea

S. calcicola

P. notarisii
C. crustacea

.

ﬂ.
E

E. intestinalis
g. flacca

.E—I
g.
E.

(o]
N
b

E

w
o
"
E I B
»
L -

Fig. 15. Intertidal zonation on the permanent substratum, June 20.



Fig. 16. A summary of the zonation of intertidal flora.
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and +73 cm was due to the formation of the upper limit of Entophy-

salis deusta and Schizothrix calcicola. From +78 to +122 cm the 100

percent relationship resulted from the presence of only a single

species, Calothrix crustacea.




DISCUSSION
The presence or absence of a marine algal species in a
particular environment is dependent upon the physical and biological
conditions of the mileu and available substrata. In Chesapeake Bay
and its estuaries substrate types are limited to calcareous matter

(primarily shells of Crassogtrea virginica, Balanus spp. and

Mercenaria mercenaria), wooden artifacts (mainly creosoted pilings),
fleshy sessile organisms such as sponges and the tunicate Molgula
manhattengis, sea grasses, Zostera marina and Ruppia maritima, and
various salt marsh angiosperms. Except for a few breakwaters, rocky
substrata are scarce. Wave~action within the Bay rarely attains the
magnitude that preveils in habitats exposed to the open sea. Swift
tidal currents are present, especially in the tributaries, increasing
turgidity, which reduces light penetration into the water and
promotes burial of many germlings. Salinities vary from about 27 ©/oo
at the mouth of Chesapeake Bay to freshwater in the tributaries;
annual water temperature range is from about O to 28 C. All of the
aforementioned factors result in a reduced number of marine algal
species in Chesapeake Bay compared with more northern and southern
regions of the Atlantic coast of North America and explain why only
26 species were found in this study.

Whether a species appeared and/or disappeared during this
study period may be due to the observed decrease in salinity or the
increase in water temperature or a combination of both. All species

35
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in this study are normally found in areas with salinities greater
than 24 O/oo. In April, when minimum salinity values were recorded
(18-19 °/oo), many of the winter species had disappeared and the
summer flora had not yet appeared. The seasonal temperature varia-
tion probably influences the seasonal presence of many species, but
the temperature-species relationship was not analyzed because of
the intervening salinity variable.

All species of Cyanophyta are believed to be present year
around. The peculiar intertidal distributions noted in the individual

collections and interrupted seasonal occurrence in some instances most

likely resulted from the formation of ecophenes. Calothrix crustacea,

Spirulina subsalsa and Microcoleus lyngbyaceus are common forms; the

latter species is primarily in the ecophene forms of Lyngbva confer-

voides and Oscillatoria nigro-viridis (Francis Drouet, personal

comaunication). Spirulina subsalsa forms skeins on the lower portions

of pilings and mats in the adjacent Zostera beds during the spring and
sunmer, especially during extended periods of reduced wave-action.

Two other factors which may. have influenced the nuuber and
distribution of species found in this study are: (1) a period of ex-
tremely cool air temperatures in late February (-9.4 C minimum) which
promoted ice formation on the pilings for several days; and (2) a large
amount of crude oil, found drifting in the area on March 23, which
literally covered some pilings to a thickness of two or more inches in
some cases and reached a height of 94 cm above MLW. To what extent
either of these factors altered the floral composition is uncertain;
collections in March (Figs. 11, 12) and April (Fig. 13) after the events

did not show gross reductions in the number or distribution of species.



37

Changes occurring on the succession substrata between June 1
and June 30 collections were: (1) continued development of two species

(Callithamnion byssoides and Enteromorpha intestinalis); (2) coloniza-

tion by five species (Spirulina subsalsa, Polysiphonia denudata,

Enteromorpha linza, Ulva lactuca and Lyngbya confervoides); and (3) the

disappearance of three species (Enteromorpha compressa, Ectocarpus

confervoides and Ceramium rubrum).

The species found on the colonization substrata June 1

(Enteromorpha prolifera, Ulothrix flacca, Ectocarpus confervoides and

Ceramium rubrum) wére entirely different from those found on June 30.

(Callithamnion byssoides, Polysiphonia denudata, Enteromorpha linza and

E. intestinalis) (Figs. 7,9). Ectocarpus confervoides and Ulothrix

flacca were nearing the end of their spring seasonal appearance by June

1. Callithamnion byssoides and Polysiphonia denudata, both common in

the summer were making their first appearance. It is apparent that a
seasonal change in the local floral composition occurred during this
period.

The results of this study do not portray an intertidal zona-
tion characteristic of open coastal areas where conspicuous banding of
several macroscopic species is generally the rule. With the exception

of Calothrix crustacea, Porphyrosiphon notarisii and Bangia fuscopur-

purea all of the intertidal species with ranges above MLW had contin=-
uous distributions extending down to and below MIW (Fig. 16). Earle
and Humm (1964) found similar floral distribution patterns in Beaufort
Harbor, N. C. The exact point of the lower extensions of many species
could not be determined because collections from the permanent sub-

strata were made only down to the level of low tide for the collection
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date, which usually coincided with extreme low water spring tide for

the month.

Bryopsis plumosa, Enteromorpha minima, E. compressa, Dasya

pedicellata, Callithamnion byssoides, Polysiphonia nigrescens, P.

denudata, Ceramium strictum and C. rubrum did not have distributions

extending above MLW. This floral group, with better than a 75 per~
cent association between =34 and =10 cm, comprised a zone comparable
to the infralittoral fringe of T. A. Stephenson and A. Stephenson
(1949). In other intertidal studies on this coast: Kingsbury (1962)

found similar distributions for Polysiphonia nigrescens, Dasya

pedicellata and Bryopsis plumosa; Earle and Humm (1964) found Poly-

siphonia denudata only below MLW; and Taylor (1957) reported Entero-
morpha minima from the lower littoral zone.

A diminishing degree of floral association was evident from
MIW to +74 cm (Fig. 17). Between +62 and +66 cm and again at +74 cm
the degree of association was less than 75 percent where several
species reached their uppermost limit. The midlittoral zone, between
approximately MLW and +74 cm, contained 17 species extending to various
heights with a reduction in the number of constituents progressively
higher in the intertidal zone. Seven floral levels were recognized in
the midlittoral zone as follows:

(1) Monostrome:leptodermum and Enteromorpha erecta, present

only during late winter and early spring, formed the lowest intertidal
level, extending to a height of +10 to +14 em. This floral associa=-
tion was not conspicuous upon casual observation; neither species

being well-developed at any time.
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(2) Spirulina subsalsa and Ectocarpus confervoides consti-

tuted the next highest intertidal level, attaining an elevation of

+26 cm. E. confervoides is a late spring to early summer species in
this area znd individual plants were about 5 cm long. Spirulina
subsalsa was quite conspicuous as it formed very dark gelationous skeins
on the pilings, especially in late spring.

(3) Thre conspicuous species of Chlorophyta (Ulothrix

o Te

flacca , Ulva lactuca and Enteromorpha intestinalis), extending up
to +38 to +44 cm, comprised the third intertidal level. Ulothrix
flacca formed dense tufts during March, April and May around the
orifice of barnacles.

(4) Microcoleus chthonoplastes, Enteromorpha prolifera and

Porphyrosiphon notarisii formed the next highest intertidal level at
about + 50 to +54 cm. It should be noted that P. notarisii did not
extend below MLW, but ranged from +22 to +54 cm.

(5) The fifth intertidal level, at about +62 to +66 cm,

consisted of Enteromorpha linza, Porphyra umbilicalis and Microcoleus

lyngbyaceus all of which extended downward to MIW and below. M.

lyngbyaceus and Enteromorpha linza are present year around, but Porphyra

umbilicalis is present only during the spring. P. umbilicalis appears
to be found in the upper reaches of its intertidal distribution only
during the latter part of the spring or early summer.

(6) Eongia fuscopurpurea formed a band at +66 cm and con-
stituted the sixth intertidal level. This species did not form a con-
spicuous color band. Found on this coast from Newfoundland to Florida
(Taylor, 1957; 1960), it occupies a similar position in other areas

(Johnson and Skutch, 1928; Earle and Humm, 1964; Humm, 1962).
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(7) Entgphysalis deusta and Schizothrix calcicola, which

——

penetrate calcareous suﬁstrata, comprised the seventh intertidal
level, having a maximum height of +74 cm. Earle and Humm (1964)

found Entophysalis deugta to occupy a similar position in Beaufort

Harbor. The intertidal distribution of these two species is apparent-
ly determined by the vertical height of barnacles.

Calothrix crustacea was the only species found in the
supralittoral fringe (above +74 cm), although it did extend down-
ward into the midlittoral zone. Immediately above the upper limits of
Entophysalis deusta and Schizothrix calcicola, filaments of Calothrix
crustacea formed conspicuous tufts about 0.5 cm thick and very deep
green in color. Higher in the supralittoral fringe, however, the
filaments lay flat against the pilings and were black in color.

Thus, for the study period, intertidal pilings in the York
River estuary at Gloucester Point may be vertically divided into
three floral regions found similarly in other areas by T.A. Stephenson
and A. Stephenson (1949, 1950, 1952, 1954): an infralittoral fringe
consisting primarily of Rhodophyta, ranging from about MIW to =38 cm;
a midlittoral region composed mainly of Cyanophyta and Chlorophyta,
occurring from about MIW to +74 cm; and a supralittoral fringe, from

+74 to +122 cm, having the Cyanophyta, Calothrix crustacea, as its

sole occupant.



SUMMARY

1. During the months from January to June, 1967, collec~-
tions of marine algae were made from aged wooden pilings at Gloucester
Point, Virginia. Sampling was directed toward qualitative analysis
of the vertical distribution of benthic marine flora.

2. Twenty=-six species of benthic marine algae were collec=-

ted. Of these, there were seven Cyanophyta, eight Rhodophyta, ten

Chlorophyta and one Phaeophyte. Except for Bangia fuscopurpurea and

Porphyra umbilicalis no Rhodophyta were found above MLW. All Chloro-

phyta except Bryopsis plumosa, Enteromorpha compressa and E. minima,

all Cyanophyta and the Phaeophyte (Ectocarpus confervoides) were dis-
tributed above MLW to varying heights.

3. Eight species were confined to below MLW in a zone com-
parable to the infralittoral fringe of T. A. Stephenson and A.

Stephenson. There were six Rhodophyta (Dasya pedicellata, Polysiphonia

denudata, P. nigrescens, Ceramium rubrum, C. strictum, Callithamnion
byssoides) and three Chlorophyta (Enteromorpha compressa, E. minima

and Bryopsis plumosa).

4., The midlittoral region may be divided into seven floral
levels based on uppermost range extensions of 16 species: six Cyano-
phyta, one Rhodophyte, eight Chlorophyta and one Phaeophyte. (i)
Monostroma leptodermum and Enteromorpha erecta ranged to a height of

10 to 14 cm above MLW. (ii) Spirulina subsalsa and Ectocarpus confer-

41
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voides were found up to 26 cm above MLW. (iii) Ulothrix flacca,

Ulva lactuca and Enteromorpha intestinalis comprised the level attain-

ing a height of about 38 to 44 cm above MLW. (iv) Microcoleus

chthonoplastes, Enteromorpha prolifera and Porphyrosiphon notarisii

were found as high as 50 to 54 cm above MLW. (v) Porphyra umbilicalis,

Enteromorpha linza and Microcoleus lyngbyaceus attained a height of 62
to 66 cm above MLW. (vi) Bangia fuscopurpurea formed a band at about

66 cm above MLW. (vii) Entophysalis deusta and Schizothrix calcicola

ranged upwards to 74 cm abowve MLW.

5. A supralittoral fringe, from about 74 to 122 cm above

MLW, was occupied exlusively by the Cyanophyte, Calothrix crustacea.

6. Collections from acrylic plastic substrata did not reveal
the presence of algae until May. Species setting on the colonization
substrata collected June 1 were entirely different from those found in
the June 30 collection indicating a seasonal change in the flora.
Between the June 1 and June 30 collections from succession substrata
there was a continued development of two species, colonization of five
specites and disappearance of three species.

7. Six species are reported here for the first time from

Virginia: Ectocarpus confervoides, Enteromorpha compressa, Enteromorpha

erecta, Enteromorpha prolifera, Monostroma leptodermum and Ulothrix

- flacca.
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APPENDIX A

SPECIES COLLECTED

Cyanophyta

Calothrix crustacea Schousboe et Thuret ex Bornet et Thuret
Entophysalis deusta (Meneghini) Drouet & Daily

Microcoleus chthonoplastes (Mertens) Zanardini ex Gomont
Microcoleus lyngbyaceus (Kutzing) Crouan

Porphyrosiphon notarisii (Meneghini) Kitzing

Schizothrix calcicola (C. Agardh) Gomont

Spirulina subsalsa Oersted ex Gomont

Rhodophyta

Bangia fuscopurpurea (Dillwyn) Lyngbye
Callithamnion byssoides Arnott

Ceramium rubrum (Hudson) C. Agardh
Ceramium strictum (Kutzing) Harvey

Dasya pedicellata (C. Agardh) C. Agardh
Polysiphonia denudata (Dillwyn) Kiitzing
Polysiphonia nigrescens (Hudson) Greville
Porphyra umbilicalis (Linnaeus) J. Agardh

Phaeophyta

Ectocarpus confervoides (Roth) Le Jolis

Chlorophyta

Bryopsis plumosa (Hudson) C. Agardh
Enteromorpha compressa (Linnaeus) Greville
Enteromorpha erecta (Lyngbye) J. Agardh
Enteromorpha intestinalis (Linnaeus) Link
Enteromorpha linza (Linnaeus) J. Agardh
Enteromorpha minima Nageli

Enteromorpha prolifera (Miiller) J. Agardh
Monostroma leptodermum Kjellman

Ulothrix flacca (Dillwyn) Thuret

Ulva lactuca Linnaeus
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MONTHLY SUMMARY OF MEAN LOWS, MEAN HIGHS AND MEANS

FOR WATER TEMPERATURE AND AIR TEMPERATURE

MONTH
January
February
March
April
May

June

Water Temp. (°C)

Low
4.3
4.0
6.2
11.2
15.0

21.3

HIGH
5.4
5.2
8.2

13.4

16.8

23.9

MEAN
4.7
4.5
6.7

12.1

15.7

22.4

Air Temp. (&)

Low
2.1
=0.5
4.2
10.1
12.3

20.3

HIGH
10.3

7.8
14.5
21.4
22.0

28.7

MEAN

3.8
8.5
15.1
16.3

24.6
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