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ABSTRACT

Cluster analyses of sepsonsl (apring and Fall) Katicnal Marine
Fiaheries Service Groundfish Survey bottom trawl catches on the Middle
Atlantic Bight {Cape Hatteras te Cape Cod) continental shelf revesled
congistent apecies associations and faunal zeones over & nine yaar
perind duripg. Bounderies between faunal zoner tended to follow
isgtherma on the inner snd middle portions of the shelf and iachabhe
along the cuter ahelf.

During the late winter/early spring, four faunal zenes were
identified: a northern ioner and middle ehelf zone extending from Cape
Cod scuthward to about Delaware Hay, a northern middle and outer shelf
zone offshore of the first EZone, 5 southern middle and outer ahelf
zene , and & fourth zone on the ehelf break and vpper slope. The
southerp ivmer ehelf was a trepnsition zone between the firet and third
zones. Five species groups were identified: » small cryophilic group
reatricted to the first zone, a cold-water boreal grouwp found in the
First two zomen, a ubiquitous boreal/resident grovp containing the
majer dominants, a warm-temperate group confined to the warmer
southern and outer shelf waters, and a group of slope residents
canfined to the deepest zone.

Durinrg the fall, five favunal zones were identified: a scuthern
inner and middle shelf zone, a4 northern inner shelf zone, & northern
mid-shelf zone, an outer shelf zone and a ahelf break/upper slope
zone. ‘The five species aspociations recognized were largely analogous
to those in the apring, with the following exceptions: cthe cryophilic
group wae abaent, the ubiquitous group contaired mixed boreal and
warm-temperate elements, and a gecond cuter shelf group was
recognized, The most notable change in the distribution of groupa
from the spring was a generdl northward sehift in the discributions of
the boreal species and a sharply defined inghere movement of the warm
temperate group.

Analyesen of a single summer cruise showed patterne of
distribution intermediate to those seen during the spring and fall.
Absolute abundances, both of individual epecies and the total fish
community, were highly variable between areas, seascns and years.,
Species diversity and its components appear to be of little utility in
degcribing the fish communities of the open continental shelwves.

xi



ABUNDANCE, SEASONALITY AND COMMUNITY STRUCTURE OF F1SHES

ON THE MID-ATLARTIC BIGHT CONTINENTAL SKELF



INTRODUCT1ONK

Until the present decade communities of fishes on the continental
ghelf had rarely been studied beyond the compilation of apecies lists
for given areas, This is enigmstic when opne considers the large
amount of aurvey dsats that has been collected from much of the world™s
continental ehelf watere in connecticn with fishery exploration and
monitering. While trawl survey dats has traditionally been collected
with the primary aim of asaespaing commercinlly harvestable stocks, it
also provides an excellent bame for evaluating the interspecific
telationships among trawlable organismes.

The reluctence of ecologiats to approach continental shelf fish
populatione as integrated communitiee may have in large part resulted
Erom the very high mobility of many of these species, A given
individual can exhibit eeaesonal movements cver hundreds or even
thousands of kilowmetera (MeKeown 1984), a scale more familiar to
zoogeographers than comunity ecoleogiecs, while the the standing f£ish
community at a given apecific location cen change dramatically over a
matter of hours (Helfman 197B).

Interest in addressing continental ahelf fish populationa as
communities has been greatly stimulated by the recent surge of
activity in the area of offshore minersl and petralevm exploration.
Concern over the environmental impacts of such development, both under

norpal and catastrophic citcumstances, has fostered an awareness of



the need of a much better understanding of the continental! shelf
ecceystem. The effect of environmental perturbations on this eccayetem
and uponm fishaa in particular ie of special concern becavse of the
direct value of many of these species as commercial and recreaticnal
regources.

The few studies which have previouely addressed community
structure of open continental shelf fishes have found clearly
definable specien aseociations with distributions related to
environmenta] parameters. Demersal fish species aseemblages found
ueing pbjective mathematical messures have been described for the
continental shelves in the Gulf of Guinea {(Fager and Longhurst 1968},
northweet Pacific ceast of the United States {Day and Pearcy 1968) and
Campeche Bank off Mexico (Bauskan and Ryzhow 1977). Similar studies
directed at specific wubdivieions or subetrate types have alse found
clearly definable comunities {Chittenden and McEachtan 1976; Wenner
1983; Sedberry and Van Dolah 1984},

Since 1967 the Hational Marine Fisheriea Service (formerly Bureau
of Commercial Fisheries} has conducted a semi-annual bottom trawl
aurvay cof the centinental shelf wateras from Nova Bcotis to Cape
Hatteras (Groeslein 1969). This program hes produced an extremely
large data base which offers a unigue opportunity for the analyeis of
the compogition and variability of the Fish communities in this
region. The initiation of petroleum exploration off the United Statea
Aclantic sesboard, the past succese of other workers at classifying
continental ehelf fieh coomunities, and the availability of this

extensive data base on ehelf fish populations prompted the present



study, an investigation of the fish community sBtruvcture and ite
underlying determinants in this important area,

Previous snalysesd of these surveys have been primarily directed
toward population apeesement and mansgement of commercially important
apecies {Brown et al. 1976; Edwards 1976; Clark and Brown 1977). Clark
and Brown recognifzed four sub-aress based primarily on differences in
faunal aseemblages (Fig. 1). The geographic scope of the preeent
research encompasses Clark and Brown's Middle Atlantic and Southern
New England areae, or that partion of these data collected in the Mid-
Atlantic Bight (Cape Cod to Cape Hatteras).

The objectives of thie study were to ideptify and define the
composition and temporal (borh seasonsal and long-term) stability of
the fish communities present within this ares, and to attempt to
establish which environmental parameters shape how these communities

vary gengraphically and seasonally. The scope of thia project wae

unique net only in the size of the atudy area {(approx. B3,000 kmz} but
alec ip that it is the only continmental shelf fish community snalyses

to sim:ltaneously traverse both major bathymetric (27-363 m) and

latitudinal (35° o 417 N} gradientsa. The extensive time peries of
the deta aset (data from apring and fall surveye from fall 1967 through
spring 1976 were included in the present study, as well as a summer
survey conducted in 1969} alap afforded a unigne opportunity to assess
the long-term annuwal variability in these communities; & virtual
necesgity to the proper understanding of the determipants of community

structure of such highly mobile animales in & variakle envircnment.



Figure 1, MNorthweet Atlantic area sawpled by HMFS Groundfish
Survey A) delineated into wajor analytical units and

B) delineated into sampling strata.






Beyond the descriptive aspectes of the fish community structure
snd its vnderlying influences T will alsec address several guestions of
genersl ecological interesnt: What ie the geographical extent of
definable comounities of such large and motile organisms? What are
the relative contributicnes of the adjacent major faunal regicnea
{Boreal and Warm Temperate) to the fish fauna in this zoogeographic
trangition zone {Brigge 19747, how do they vary seasonslly, and what
is the role of reesident apecies? Are the figh communities shaped by
the pame factors throughout the entire shelf, or are environmental
paremeters of differential importance in different regiona? And
lanatly, do the extensive migratory cumpnnentn of these communitien
maintain interspecific associaticons across the miles and eessons, or
are the seasonal components of these communities Bimply Lhe result of

mosaice of differeat life history patterna?



METHCDS

Sampling

Groundfish Survey cruises were conducted by the U.5. Mational
Marine Fisheries Service during the fall and epring from fall 1967
through epring 1976, aboard either the RV Albatroes IV or RV Delgwgre
I1, with between 91 and 1453 statione being successfully occupied
during each cruise (Table 1). Tn addition a summer cruise was made
during 1%6%., The survey area extended from the 15 fathom (27 m)
contour offahore to 200 fathoma (365 m). A stratified random sampling
deaign was utilized, based on depth and geographical zones {(Fig. 1).
Catch dats from strata !-12 and 61-76 (Middle Arlantic Bight) were
analyred in the prespent study. SGawpling intensicy in each stratum was
allocated accerding to the geographic area of each stratum {(2-16
stations per stratum’.

At each etation a tow of 1/2 howr duration at a speed of 3.5
knots was made along the bottom. A etandard #36 Yankee trawl (18 m
headrope, 24 m footrope with 14-~1B" rubber rollere; stretch mesh
aizges: 125 mm in body, 115 mm cod end with 13 mm liner) wae utilized
gxcept during the spring cruises from 1973-1976, when & modified high-
opening #4]1 Yavkee trawl (24 m headrope, 30 m foobtrope with rollers:
same mesh sizes) was used. The fishea captured were identified,
counted, and weighed by species. A& bathytherwograph cast was made at

each etation. Further details of sampling design and sample
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processing may be foupd in Clark and Brown (1977) and Groaslein

(19693,

Mumerical Classifjcation

The catch data were initially analyzed eeparately for each of the
19 eroiees utilizing numerical classification {clustering),
Assemblages of fishes were defined by computing a similarity
coefficient, S5(j,k), among species from the species — station merrix
and subsequently classifying apecies into clusters or groups {Sneath
and Sckal 1973), Stations were clustered in the same manper from the
inverted matrix, and aspecies and station {(site) groups were cowpared
by nodal analysis {Lambert and Williams 1962}, Matrix values entered
were counts of individvals, ap biomass peasurenents Aare overly
influenced by the presence of relatively rare but large, wotile Eishes
{which are poorly sampled by trawls) in the collections,

The similarity coefficient used was the Canberra metric (lLance
and Williame 1967} which ie particuwlarly effective at producing
ecologically meaningful classifications when the organiame under study
are contagicusly distributed (Clifford and Stephenson 1975} ae most
fishes are, Although this coefficient does not provide an accurate
meaeure of percent eimilarity acroes the entire range of possible
amounts of cverlap {Blaoom 1981}, and therefore does mot produce
similarity matrices amenable fp direct quentitative interpretation, it
does provide 8 useful compromise between strictly qualitative memsuvres
of similarity and quantitative measures of percent similarity. The
latcer may be totally dominated by & few sbundant speciea if the

species present diepliay highly varying levels of abundance (Beoesch



10

1972}, ap ia the case with continental eshelf fiah populatione. Alen,
to further reduce the effects of contagion, the numerice]l sbundance

data were transformed [lnglIJ {x + 1)] before analyais (Tayior 1953),

Species were eliminated from clueter analymia if they occurred at less
than five percent of the statione ccropied during a sampling peried.
Although this is 8 mere severe data reduction tham is commenly
ewployed, exemination of the raw matrix and trial vups st wvarious
cutoff levels showed that species gcecorring below this level showed
highly inconsistent distributions.

The clustering strategy used was flexible fusion with bebta eet at
the conventional value of -0.25 {Boesch, 1977}, Calculations were
performed on an IBM 370-11% at the Virginia Institute of Marine
Science using the Fortran 1V program COMFAH (Combinstorial Polytheric
Agplomerative Hierarchical Program) develcped at the institution.
Output wae in the form of similarity matricee and computer generated
dendrograms.

The choice as to which branches in the dendrograms were to be
identified a8 biologically significant proups wae based on the
following procedure. Each braach of the dendrogram which was compoaed
golely of fusions involving only one entity as at least one half of
each fusion was coneidered to consetitute @ minimal grouping. The
distribution of each minimal groupisg was then wap-plotted, with
logarithmic keved symbole beiog used for plote of abundances of
minimal species grovpinge. The plot of each grouping was then
compared to that of the greuping with which it next fused; if no

significant differencea in distribution were evident the fusion was
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conaidered to be intra-group. This procedure wss repested until all
niniwal groupings had been fueed inte groups showing evident
distributrtionnl differences. In casee where there was any doubt as to
vhether two groupa should be fused, nodal analyees diagrama were
generated and compared for the twe cases and the decision producing
the "crisper"” result (Clifford and Stephenson, 1%75) utilized. While
thise methed aobviously involves some subjectivity in the recognition of
groups, it has been pointed out by several authore that s]1] methods of
interpreting numerical classifications tequire a certain degree of
subjectivity and that fixed stopping rulee are especially
inappropriate with fusion strategies which intreduce s group size
dependent element inte inter-group relative affinities {Boesch 1977,
Pielou 1977, Clifford and Stephenson 1%75),

Twe metheds of nodal analysis were performed. The patterns of
“constancy” and "fidelity” of gpecies groups to Bite groups were
expressed aa relative densities of cells of a two-way table
{Btephenson et al. 1972). <Constancy is the proportion of the number
of cccurrences of each species group in Lhe aite grouwp to the total
number of occurtences poesible {(Boesch 1977). The index has & value
of one when all membera of a species group occur in all collections in
s Bite group, and zero when a apecies group does not occur in a given
pite group. Fidelity is a measure of the degree to which species
gtoupe sre limited to wite groups. The fidelity index used was Lhe
constancy of a specien group within 8 site group divided by the
average condtancy over all site groups. This index is unity when the
constancy of a species group in & eite group is equivalent to ite

overall constancy, greater than one when its constancy in the aite
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groups is greater than that overall, and between zero and one when ite
constancy is less thap its overall constancy. A chi-square test was
applied to the fidelity value of each cell te determing whether it
varied pignificantly {a = 0,05) From one. Fidelity values
significantly greater than one indicate a positive msscciation of
speciens in a group with a site group, while values sipnificantly lesa
than one suggest a "negative" mesociation, In the present analyses a
highly positive (or etrong) aseociation wae inferred if the number of
accurrences nf B given species group within a2 site group wae twice
that necessary to produce a Fidelity value pignificanrly greater than
one and a highly negative agsociation was assumed when the nomber of
pecurrences wag less than half that necegsary teo produce a fidelity
value significantly less than one. All nodal diagrame were drawn with
the width of the rows and columns properticnal to the number of

entities in the reapective site and epecies groups.

Species Domingpce

Numerically dominant species have been usded to characterize
communities by ecologiste for many vears {Thorson 1957), and changes
in dominsnt epecies often reflect fannal changes. 1In the present
atudy, patterns of spacies dominance were cempared among site groupes,
A apeciee wag incloded in dominance comparisons if it accurred among
the five most abundant species in at leagst 20% of all the stations

from 8 pite group.



A n and Biomasa
Est imates of mean log-traneformed [In{x+1)} sbundance and biomass
were computed Eor each site cluster, Analysis of variance [ARDVA} wae

then performed among wite clustere for each crvise, If ANOVA was

-

aignificant at the 0,05 Ievel, Scheffe”s multiple range test for
unequal sample gizes was performed to determine which gite groups were

different from one ancther st the same level {(Guenther 1964},

Faunal Affinities

The faunal affinities of fishes captured wete deternined by
examining publiehed records of their usupl rapges of pccurrence
(Bigelow and Schroeder 1953; Leim and Scett 1966 Btruhsaker 1969;
Mupick 1972), Most warm—temperate species had resident populationa
south of Cape Hatteras in the "Carclinian" faunal province (Hazel
1970), and had their normal porthern range limit somewhere within the
Middle Atlantic Bight south of Cape Ced. Boresl species had permanent
populations notth of Cape Cod, and moet had their scuthern range limit
somewhere within the Middle Atlantic Bight mnorth of Cape Hatteraes. 4
few boreal epecies transcend Ratteras through bachymetric submergence,
Certain compenents of the fauna tended to be residente on the inner

ehelf (Scophthalmus aguosus?} or outer shelf {Paralichthys oblongus).

Many epecies were resident on the shelf edge and upper slope (Musick

1976).

13
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Commpnjity Styructure Ipdices

The commonly reported measure of species diversity, H™, and its
components evenness (J°) and species richness were initially
calculated for the fish species taken during each tow according Lo the

following formulae:

q
H® = - Z (pi} Elngz pi] {(Pielon 1975)
i=1
where H” = species divereity expressed as bits/individual

8 = pnumber of specien

p. = proportion of total eample belonging to ich

spacien

J7 = H /R (Pielou 1%75)
max

where J” = pguitability or evenneas
H® = observed species diversity
H oax log2 8
Species Richness = 8 - 1/1nN

where 8 = number of species

H = nomber cf individuals {Margalef 1958)

AP these values showed an extreme smount of erratic variatioo due

to the highly contagicus distribucions encountered, these indices were



recalculated by pooling the catch deta For sach msite groop as

identified by cluster analysis.

Pocling of Withipn-Sesson Cryuinee

The sire of the data matrix was too large For simultanecous
clustering of either of the two multiple year seasonal dats sets. The
resulte of the cluster, nodal and dominance analyaes of the individual
cruisee, however, revealed & high degree of within season repetition
in the composition and distribution of species groups and the faunal,
geographic and hydrographic attributes of aite groupe. Major
repetitive species groups were recognized for each sesson and wmite
groups for each year were referred to generalized secasonal aite
groupé, The walidity of these groups was examined by subjecting the
pooled seasonal data sets to nodal and dominance analyses based on
these groupings and comparing these results to those for the

individual cruises.

15



RESULTS

Thermal Regime

The geographic patterns of bottom water temperatures were
variable smong yeare within both of the sampling seascne, although
these differences were minor compared to the asasonal variation within
a given year. Variability amcng years within a seascn can be
attributed to two sources: climatic differences among yeats and
gempling artifacts (JdifFerences in the dates and dutration of the
pampling periods, and stochastic differences ariging from the location
of atationa and the temparal sequence in which they were donel}. The
rapidly changing nature of environmental conditions during the spring
and fall and weather conditions which inhibited Ffield operatione made

eynoptic spmpling during these seascns virtually impossible.

Spring Cruises. The spring aampling commenced between early and
late HMarch and was completed by late March to late April. this ia the
period at which water temperatures in the Middle Atlantic Bight are at
a minimom (Walford and Wicklund 1968), and therefore it is more
appropriate to consider these cruises as having sawpled the late

winter distribution of fishes (Musick and Mercer 19777. PBottom
tempetatures for these cruises ranged from 2-16°C (Appendix A} and

mean temperatures for each cruise ranged from 6.7 to 9.7% {Fig. 7A4).

16



Figure 2,

Mean A) bottom water temperature, B) retransformed
{In{x+1)} number of individuale (Fish),

C) retraneformed (ln{x+l)) fiah biomass, D) average
fish size, and E} number of Fish apecies per tow
during NMFS Groundfish surveys, Cape Hatteras Lo Cape

Cod, 1967-1976,
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There was a definite trend toward warmer temperatures during the atudy
perind for this season which cannot be completely attributed to
sampling artifactes {Davie 1979). Bottom isothermes extrapolated from
the collection data are shown for twe cruisee representative of the

warmer {1976} and cooler {1969) extremes (Fip. 3). During the 1963

cruise Iinshere and mid-shelf temperatures were less than 4°C north of
Delaware Bay amd between & and & C between Delaware Bay and Cape

Hatterae, Temperatures increased toward the outer shelf, where the
16°C isotherm Followed the shelf hreak with bottom temperatures on the

upper slope exceeding 10%¢.

In 1976 temperaturee of less than 6°C were encountered only at

northern inehore statignsa, Mid-shelf temperatures north of Cheeapeake

Bay increased from & to 10°c along the onshore—offohore axis, while
Sputh of Chesapeake Bay there wag 8 southwardly increasing thermal
gradient perpendicular to the shoreline and the cutwardly increaming
gradient wae distributed acroes a greatar porticon of the shelf. OQuter

shelf and elope statione for the entire atudy ares again ranged from

10-12%¢. EBottom tenperatures for the other espring cruisee exhibited

patterns intermediate between these two (Davis 1979).

Fall Cruiseg. The Eall sempling cruises were conducted primarily
in Oetober. Because of water column turnover this is the time of
maximum temperature for middle ehelf bottom waters in this region
{(Bigelow 1933); however, coaetal waters undergo rapid cooling during

the fall (Parr 1933), initiating migrations for mapy fishes that apend

18



Fipure 3.

Bottom ieotherms for epring A) 196% and B) 1576

extrapolated from WMF5 GroundFish Survey cruisea.
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the aummer inshore. FBottom temperatures renged Erom 5 to 25%

{Appendix A), with the means for each cruise varying between (0.4 and

13.4°C (Fig. 2). There was no pronounced trend in the variation of
mean temperature among years.

Bottom ieotherms Eor a typical warm (1973) and cool (1971) fall
sampling pericd are shown in Figure 4. In 1%71 8 strong thermal

gradient was encountered along the mid-shelf From New York toc Cape

Hatteras. Temperatures ranged from 22°0 inshore down tc sbout 10°C at

mid-shelf, A pecket of cooler water (6-9°C) waa preaent cffshore of
thisa gradient, extending northward and inehore to ceccupy mast of the
mid-shelf off of Long Island. Turnover wae in progress or just

begioning at these colder stations. Temperatures gradually increased
offahore and northward from this pocket, exceading 14°C in shallow

areas and ranging between 10 and 13% along the ocuter shelf and the

mid-shelf above Long Ialand.
During 1973 bortom water temperatures were leoss stratified and

twa to four degrers warmer throughout moet of the study aresa. Inskore
temperaturee exceeded 16%¢c aleng the entire Bight, with tempersatures

sbove 18°C occurring only ecuth of Chesapeake Bay. The cooleet

20

temperatures were found again cn the mid-ehelf off Wew Jermey and Long

Ialand, but the “pocket™ was moch less rlearly defined and wae

composed of waters between 10%and 12"3, indicating that turnover had
alresdy ecccutrred. The other fall crvises had thermal regimes

intermediate to thoee of 1971 and 1973 {(Davie 1979), with varying



Figure 4,

Bottom isotherms for fall A) 1971 and B) 1973

extrapoclated from MMFS Groundfish Survey cruiaes.
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degrees of persistence of the “cold pool” (Katchum and Corwin 1964)

and development of the mid-shelf thermal gradient.

Sumger Crujse. The isctherms for the 1949 summar crvise are
plotted in Figure 5. FBottom water temperatures ranged from 6 to 16°C

{Appendix A), with a mean of 9.9°C (Fig. ZA}, a value intermediste to
that for the fall and spring cruises. The temperature distributicn
motre cloeely resembled that for the fall cruises, with warmest
temperatures being found insehore and the coclest waters being preaent

on the mid-shelf in the northern portion of the study area.

Cluster Analyaes — Site Groups

Spripg Cruises, BStation groups based on cluabter analysis were
determined for the nine epring ctuises and are plotted in Appendix E.
Between six and nine groups were recognized for each cruise. Group
size ranged from 3 to 47 etatione {Appendix A)., Most groups were
geographically contiguous and tended to be thermally and
bathymetrically restricted. With the exception of the outermost upper
slope groupe, site groups were not precisely conmparable from one year
te the next, but could, however, be categorized on the bagis of
geographic location, bathymetry and temperature. The lack of complete
correspandence among groups between yeares is highly understandable
considering differences in sampling, thermal regime and the natural

variability of fieh populationa among yeara.



Figure 5,

Bottom ieotherms for summer 1%69 extrapolsted from

KHFS Groundfish Survey cruise.
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During all nine cruises there was a group of gite clusters of

gimilar depth and tempersturs repgimes which were contsined between Lhe

shore and approximately the 8°C isotherm {groups I-III in 1968, 197D
and 1972; 1-1I¥ in 1969; I-IT in 1973-1976}, The geographic extent of
these groups varied from year to year, but generally covered the inper
and mid-ehelf out te about 70 m Ffrom Cape Cod south to between

Delaware Bay and Cape Hatterae, depending upon the mouthward extent of

waters cooler than 8°C. Adjacent to these groupe were twe other
categories of groups: northern outer shelf groups {group V¥ in 1366,
1971 and 1976; ¥I in 1969; V¥IT in 1970 and L9723 ITIL in 1973; IV in
1975) extending from the previous cold water group to the shelf break

(approximately 150 m), and southern groups which occcupied the

remaining ahkelf both ontward and south of the 8°C isotherm (group 1V
in 19566, 1971, 1973 apd 1976: V in 1969; IV, V and ¥I in 1970; ¥V and
¥I im 1972; ITIT and IV in 1974; TII in 1975%). The boundary between
these two categorien was generally off the New Jersey cosast, at which
point there was often considerable overlap, The remainipg groups werse
located on the a2helf break along the entire study area at depths of
150-350 m and, as noted above, were very closely comparable among

¥EeAT 5.

Fall Cruises, Between six and nine staticn groups were also
recognized from cluster analvees for each of the fall cruises
{Appendix B), ramging in size from 5 to 27 stations (Appendix A}, The
groups were not as geographically contiguous or ae thermally

reastricted mse during the spring cruises; in fact aeveral of the groupa
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exhibited bottom temperature ranges of 14°C (Appendix 4). Conmidering
the saynoptic nature of the sampling, the conset of the vapid autummal
cooling during the latter portiop of the cruise periods and the high
degree of migratory activity of many of these fish species during the
fall, it is not surpriming rhat the site groupe are less clearly
defined during thie peried. Again, with the exception of the upper
slope groups, the site groups were not directly comparable from yesr
to year but could atill be readily grouped into categories.

During eeven of the nine cronieses there was a distinct southern
ingshore site group betweett shore and about 60 m extending from Cape
Hatteras northward to between northern end of the Delmarva Peninaunla
and Delaware Bay, depending upon the year (groop T in 1967-1%72,1975).
These groups were generally contsined behind a strong thermal gradient
and exhibited the warmeet bottom temperdatures in the satudy area,
Extending northward from these groups slong the inner shelf was a
second, colder site group which tended to be constricted toward shore
between notrthetn Long Island and Cape Cod (group T1 in 1967-1972; 111
in 1975), During 1973 mnd 1974, when thermal stratificarion was weaker
and inshore water temperatures in the nerth were higher, there was no
distinct bresk between northerp apnd southern inshere statiome groups,
but instead there were twe etation groups with members in both
northern and scuthern inshore apd mid-ahelf waters {(groups T and 1I).

One or twe site groups each year occurred on the nmorthern mid-ahelf
primarily between 35 and 99 m, in the region of the coolest shelf
waters (groupe III and I¥ in L1967-1968, 1970, 1972; IIT in 1969, 197],

173, 1976; I¥ in 1974). These groups occcupied the coolest shelf



watere and were relatively bathymetrically restricted (the 192 m
station in growp I¥ in 1970 was snowalous; only two species were taken
in that towl). The remaining site groups ceculd ke claseified a3 cuter
shelffeahelf break (groups ¥ and ¥I in 1967, 1974; ¥, VI, and YII in
1968, 1970; IV and V¥ in 1969, 1%71; ¥V ip 1972; 1V, ¥ and ¥I in 1973,
1976) or upper slope {highesat numbered group for each year}., The
cuter shelffahelf break groups typically diasplayed wide depth ranges
and temperatures intermediate between the northern mid-shelf and
inahore groupsa. The upper elope groups often had average temperatures
lower than theoee on the mid-shelf but were bathymetrically diacretas

Erom the and wmid-shelf groups.

Summer Cruisg. Five station groups were recognized for the
summer cruiee (Appendix B). These groups can be approximately
clapgified asgz northern and sowthern inner ahelf, puter shelf, shelf
bresk, and upper slope; although the ocuter shelf group extended
inshore in the vicinity of Hudson Canyon. The inshore groups werte
confined within the %0 w contour, whereas the other groupe had wide
bathymetric rangee. The groups showed much leas variation in average

temperature than during the spring and fall cruises (Appendix A).

Clupter Analyses - Speciep Aspociations

Spring Cruisepp, Between eix and nine species clusbtera ranging in
content Erom two to 14 apecies were recognizxed for each cruise. The
species groupa recognized were extremely homogenepus wibth reepect to

favnal affinity (Appendix €). If pelagic and resident species are

26



ignored, 5B aof the 70 groupe recognized were aither exclusively
boreal, warm temperate or slope-meacpelagic in their affinicien, Only
in one case, group F io 1975, wae therte & substancial degtee of co-
occurrence ofF boreal and warm temperate species within a epecien
group, and this can be readily attributed te sbbreviated sampling
during this c¢ruise in which the scouthern inshore and mid-ehelf atrata
were either incompletely gsmpled or not sampled st all. Had more
gtatiore been made in these warmer sktrata, the three warm Lempezrate
apecies would have in all likelihoed formed a distinct group.

The species groupe showed a high degree of annual repecicion,
both of composition and distribution, One to three groupa of boreal
affinity {(group A in 1968; A and B ip 1973-1974; A, B and C in 1970~
1972, 1975-1976; A, B and D in 1969) occurred almoet exclumsively
within and had generally positive or high fidelities to the cold water
site groups (Appendix D}. The most commonly cooccuring among these
apecies were Limands ferruginea, Raja erinacea, and Scophthalmus
sguosus {common names Are given in Appendix G}, which occurred within

the same group during virtuvally every cruinpe. Also exclusive to these

groups were the species Gadus mprhup, Peagudoplenronectes ticgpue,
Hemitripterus americapus, Hippoglossgidep platessgides, Myoxocephalus

octodecemepinosue, Macroroarces americapup, and Eaig pcellats, which

all occurred commonly in these clustere in varying arrangements, The

species Atmodytes dobiua, Menidie menidia, Etropus & 8, and
Pollachive yvirene occurred infrequantly but exelusively within these

groups, wheress the pelagic specien Aloas aestivplin, Alosa

paepdoharengue, and Clupea harengue harengus occurred regularly but

not exclueively within these groups.

7



18

A widespread, coumon, and vaually exclusively horeal group was
present during all cruieem {grounp € in 1974&; D in 1968, 1970-1973, and
1976; E in 196%; F in 1975). This group generally had mederate or
better conatancy to all aite groups, and with the exception of two
amall gite groups in 1970, did neot display highly negative ot poeitive
fidelity to any site group (Appendix D). Sgualus pcppthipe and

iris ocecutred in thie group during every spring

Merlucciue bili]

cruisa, Uro is ghusp in all but one, and Paralichthyg oblonguys (=
Hippoplossina pblonga) in 6 of 9 cruises., The pelsgic species Scomber
pcombrus and Algsa peseudobayengus esach occurred four times within this

asfemblape. During the 1975 cruise the warm temperate species

Peprilus triacanthus, Faralichthys dentatus, and Prisnpgins carpjinua

aleo pcccurred within thie grouwp, but as mentioned above, had the
ecuthern portion of the cruise been completed theee species probably
would bhave been sampled adeguately enough to form their own group.

One to three warm temperate species clusters were present during
each cruise {(group € in 1968; G and H in 1969: E and F in 1970-1971; F
and A in 1972; E, F and G in 1973; D and E in 1974; E in (975-1976).
These groupe occurred across the southern shelf during warmer years
and zlong the outer shelf doring all yeara. Stenntopmue chryeops and

Centropristia striata were present in theee groupe during all nine

years, Friongptus carplinve during 8 of 9, Peprilus triacapthus and
Urgphvcis regip (= Urophvycies regius) during 7 of 9, and Paralichthys
deptatus and Priopeotue eveolanes during & of 9 yeare. There were no
consistent sub-groups when more than onme group was recoguized. Except
for Peprilus triacanthus, which was present twice in the ubiquitous

group, and Urophycis regimn, which occurred twice with the
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mesopelagic/alope group, all these species were found exclusively in
these groups.

Thoee species with mesopelagic or slope affinities were found
together in 1 to J groups which occutred along the shelf break and
upper alope (groupe E and F in 1968: T in 1969, 1972-1973: H in 1970:
G and ¥ in 1971 and 1%74; G in 1975; H in 1976), These groups
characteristically had highly positive Fidelities to the upper slope
site groups (Appendix DY, Heljcplepus dactvlopterus was the only
gpecies to eccur within these groups during all cruises. Merluccius
albidus and epecies of the fanmily Myctoephidae appeared in thess groups
during 7 of 9 cruiseg, Other epecies present in the clustere less
frequently but occurring exclusively in these groups included
Chlorepthalmue sgaseigi, Maurclicus muelleri, Phycis chesteri,
Ceratpscopelue maderensin, Argyropelecus aguleatus, Remichthys
8cplopaceus, Raia garmani, and Lopholatjilue chamselionticeps. Alse
periodically preeent in, but not exclusive to these groups were the

species Perigtedjon ministum, Lepophidivm cervipum, Urophycije tenuig,

and Glyptocephalus cynogloesus. Thie last grouwp of species was
widespresd across the outer shelf and upper elope but cccurred
infrequently, making them difficult to classify. When they were not
present in the deep groups they tended to form their own small group
(group E in 196B and 1970:; F in 196% and 1974; D in 1972 and 19753; H
in 1973}, (Occasionally precent in theae amall groups were Lophjus
americanus anéd Citharichiye arctifrons, two other epecies which proved
difficult to clasnify. Lophiue occurred commonly throughout most of
the study aresa but in very low sbundances in shallow waters, and was

variously classified with the ubiquitous, deep, and cuter shelf
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groups. Cjithatichthyp was alsn wideapread but more abundant in warmer
outer shelf and vpper slope waters and wae veriously claesified with

the ubiquitcus, ovter shelf, and warm temperate groups.

Fall Cruises. Between six and eleven species clusters, ranging

in content from 1 to 9 epecies, were recognized for each of the fall
cruieses (Appendix C). The species groupe recognized for the fall
cruikes were considerably less homogencus with respect te faunal
affipity than were the spring epecies groups, with only sbout half of
the groups composed entirely of species of the same affinity (Appendix
C). The speciec groups were also much more wariable with reapect to
compoaition and distribution.

One or two grouvps of warm temperate species were present at the
inehere site groups during each cruise {(group A in 1967 and 1970-1973;
A and B in [956B-196%9 and 1975; A and € in 1974), but the composition
of these groups waa highly variable. Paralichthys dentatus was the
only epecies to occur within these groupe during all nine cruises.
Centropriasties etrista was present during eight cruises and abesent from
the cluster during the ninth, whersar Mustelus ganje wvas present in
thege groups during emix crviees, in another group twice, and ctherwise
abaent. Pricnotus cprolinus, Btepctomus chryeopa, and Scpphthejpus
aquosup appeared &, 4, and 2 times respectively, but were present in
cther groups during the remsining years. PFeopabomus spltatiix was
present during four ¥ears, in another group once, and otherwise
absent, while eight other warm temperate species were eaxelusive to

these groups but appeared three times or lese. The boreal species

Peepdopleuronectep gmerjcapue appeared within these groupe once, but
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in cther groups douring the remainiog eight veare. Constancies and
fidelities of these groups were generally higher in the scuthern
portion of the inshore region when the inehore aite groupe were so
divided (Appendix D},

During four years there were one or two species groups of mixed
warm temperate and boreal affinity which were diatributed along the
inshore pite groupe and out conto the northern mid-ehelf (group E in
1967, 1973; € in 196%; 3 and C in 1972), Stenctomue chrysops and

Prsudoplenronectens americanus were presept in these groups during all

four years; Prionctpa carglinne and Scophthalmue aguoens three times
each, snd Baja erinacea and Myetelus canip twice, Five other epecies

appeared once,

One to Four groups of slmost exclueively boreal affinity occurred
primarily at the northern inshore and mid-shelf site groups during &
of 9 cruises (groups ©~F in 1987; C in 1968 and 197); B in 1969; B and
C in 1970; F and F in 1972; B in 1974; € in 1973), Twenty-four
apecies appeared within these groups throughout the study, but only
Geven recorred with any repularity. HRgja erinscep was present 7 of 8
times, Limands ferrugines and Myoxocephalus octodecemepinosug 6 times
each, and Sguajus acerthjise 5 times. Hewitripterus gmericapusg,

Pegudopleurcpectes smericanug, and Scophthelpus squpeuas esch occurred

4 times in these cold water groupa,

Aa during the apring cruises, there was a group (in one case, two
groups) of epecies which occurred throughout most of the scudy area
{group H {n 1967; D in 196B-1970 and !972-1974; E in 1971; D and E in

19753, Merlucciusz bilinearis, Paralichrhys oblongua, and Urnphycia

chuse were present in this group doring all nine eruiser. Peprilus
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tripcanthus and Citharjchthys arctifrone each appeared during six
years, whereas Uro regia was present five times. Nine other

epecies occurred in this group three times or less. Constancies of
thie group were usually lowest at the aouthern inshore eite group and
were often accompanied by highly negative fidelities, indicating that
while some wmembers of thiem group occurred in these warmer weters, in
general the group avoided this area (Appendix D).

The upper slope groups for the fall cruieges were unique in chat
they were more clearly defined than the corresponding groupe for the
spring cruises {groups J and K in 1%67; 6 in 1968, 1970; H in 1969 and
1972; I in 19713 B in 1973: E and F in 19%4; F in 1%75). Helicolepus
dactylopterup, Merluccivs albidus, and myctophids were present in
these groups during &}l nine cruives, and Chlorppthalmus agassizd
accorred with them during eight yeare and was abaent from the cluster
during the ninth. Eight other elope or mepopelagic species occurred
exclusively within these groups but appeared cnly once or twice.

Feristedipn minigtum, which appeared 3 times, and Lophiud americanus,

which was present once, were the only species pccurtring within thease
groups that alee cccurred in other groups,

The remaining groupe were penerally small and poorly defined
geographically, Lophiys americanus, Glyptocephalus cynogloasna,
Peristedion mipniatum, Lepophidiom geryipum, and Urephycils Eenwis often
fell into these groups, but figt in any consiatent manner. Most of

these species occurred aporadically from the mid-shelf offshore.

Summer Cruise. Six species groups were recognieed, ranging in

content from 3 to B species (Appendix €). ODnly two warm Lemperate
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specien, Peprilus friacanthus and Urophycie regis, occurred at a

aufficient pumber of wtations to be included within the cluster. Ao a
regult four of the aix groups were composed entirely of boreal and
resident epecies. Three of these (groups A, B, and C) occurred
primatrily within the northern inshare gite group {(Appendix D). Groop
B included the more abundant of these species (Lipapnds ferruginea,
Peeydppleyronectes americspnue) and also cccurred spareely in the
southern inshcre and outer ghelf groupse.

The fourth boreal group (D) cccurred primarily at the northern
inner shelf and outer shelf groupe and wae sparesaly present at the
ahel!f break and wpper slope. Merlucciue bilinearis, Melanoprammus
aeglefinue, and Drophycis chuss were the most abundant wembers of this
group, Peprilue iriacanthus and Urpphvcis regia were joined by
Leppphidivm cervipum and Citharichthve arctifrons in a group (E} which
occurred throughout the entire study area but was concentrated in the
sputhern inehore, ehelf-break and uvpper =2lope groupe. The last groop
{F) wae conpraed entirely of alope and meeopelagic speciee and

occurred at the shelf-break and upper slope sites.

Spring Cruises, Species dominance by cruise and stetion groop

are shown in Appendix E. Two species, Merluccius bilinearis and

S8qunlus ascanthias, were among the dominants at over BOL of the write

groupa. In the cold water site groups Limanda ferruginea was the
dominant fish taken prior to 1973, During 1973 sbundances of Limanda,

M, bilinearis, and Raja erinacea were abeut equal in the cold water



groups; after 1973 abundances of M, bilinrearis and K. arinacea
exceeded theee of Lipggpda. Because of the change in pete commencing
in 1973 it is difficult to interpret thias change. A relative decliine
in rhe population of Limanda may have occurred, or Limands may have a
lower catchahility coefficient relative to the other tow species when
the large net is used.

Tha pite groupe acubhward and offshore of the cold water proup
were [airly evenly dowinasted by Sgualus acapthias, Merlucgjug
bilinearis, and Peprilus triacanthua. Stenotpmua chrysops, and
Frijcnotus carclinue were periodically dominant in the scuthern pertion
aof thie area. Urpphycia chuss, Helicolepus dactylopterue, and
myctophide were often abundant along the shelf break and upper slope.
There were no upticesbls changes in deminance between the earlier

cruises and those after 1972 putaide of the colder groups.

1l Cruises, HMerluccijiup hilipepris, ma doring the spring, was

among the dewinant species at over 80X of the mite groups (Appendix
E). Peprilus triacanthus wae dominant at over 753 of the aire groups
and had the greateat overall abundance. The inshore pite groups were
vaually dominacted by Peprilus, Priocotue carglinue, and Stepotomue
chrysops. The northern mid-shelf groups ahowed a trend similar to
that cbserved in the spring; Limands ferruginea dominated these msites
during the earlier cruiees snd then declined during the later half of
the study, indicating that the decline seen in the spring was not
entirely attributable to the chsoge in nets. Merluccive pilinearis,
Peprilus triacanthus, and Squalus acanthiaeg were the ather major

dominants in this area.

14



Urophycie regia joined Merlucciye bilinearis and Peprijus
triacanthus ap major dominants on the outer shelf. 1. regis wams much

more abuvndant during the fall cruiees than in the spring, when it
seldom occurred among the dominants. The slope sites were regolarly
dominated by Helicolenus dactylopterus, myctophide, Cit i B

arctifrons, and Merluccius bilinearia, PFeprilus and Urophycis regis

occadionally reached dominant sbundances on the slope,

Summer Cruise. Limgnds ferrupinea waeg the most abundant fish at
the northern insahore aite group (Appendix E)., Merluccjus bilipesris,

Molanogrammue & efinug, and Urophvcie chuss were also major

dominants at thie site, All of these epecies except U. chuse were
alao wmajor deminants at the outer ehelf group, where Peprilus
triacanthus was the most abundant epecies. P. Etipcanthus snd
Urophycie regia accounted for over 90 of the individvoalse at the
southern inner shelf site group, inn roughly equal quantities, these
two were joined by the othetr two members of their group, Lepophidium
ceryinum and Citharich arctifrone, »2 major dominante at the shelf

break, the upper slope site wes dominated by DU. regia, Maurclicus

muelleri, and Heljcoplenup dactiylopterus.
Abu d Biopas

Spring Cruises, Awverage total abundance and biomass of fishes

fluctuated preatly smong site groupe and wss subject to a high degree

ef variability (Appendix A). Scheffe”s test detected almost ug

a5
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significant differences during the period the emaller net was used
{1968-197%), and only a limited number of differences, during the
later cruises (Table 2). There was no evident pattern to the
abundance data. Average bicmass tended to be lowest along the shelf
break and slope, and reached ite highest values on the northern inmer
and mid-ahelf,

Year to year comparisons of zbundance and biomase were difficult
due to the net differences. Both average abundance and hiomass per
tow increased sharply with the larger net (Fig. 2B&C), The overall
average sbundance wae 1.7 times greater for the pariod 1973-1976 than
1966-1972, whereas the biomane averaged 1.8 times greater. Because
these two values are similar, the two nets may have similar sampling
charactaristics, but as conversion factors they are probably high;
1971 appears to have been an exceptional year. Tt ie oot poseible to
digewss long-term trends in abundance or bicmass of fishee during
theee cruises without konowing the actual relationehips between these
neta with respect to catchability of at least the dominant species.
The average number of species per tow was consistently about 9 with
the smaller net, and increased to 12 with the larger met (Figure 2E).
The number of species was usnally significantly highar at the upper

glope and ccld water eite grovps (Table 2),

Fall €ruises. Abundance and bicmaes estimates for the fall

cruises were extremely variable, as in the spring (Appendix B).

Scheffe’s test detected wore aignificant differences between site

groups than fer the spring cruises (Table 2}, bur no definire patterns
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were evident for the abundance date and only a general trend may be
noted for the biomass information. During moet cruiges greater
biomags was found at the inshore and northern mid-shelf mite groups
than along the cutet phelf and slope.

Average abundance and biomaes per tow for the entire area
fluetumtad irregularly from year to year {(Fig., ZB&C)., Biomaea tended
to decline sherply From 1967 to 1974 {as noted hy Clark and Brown
1977) alcthough there was a fairly large peak in 1972, Abundances
remained much more constant, reflecting a decreass in the average fish
pize {Figure 2D}. Average size is a reflection of two factore, age
ptructure within species, snd relative sbundances of different sized
epecies, The greatest gverage vize occurred in 1967, when the average
size of a fish was over twice what it was at ite low point in 1971.
The influence of specific sbundances on cthie index is discussed below.
Biomass and abundance both increased sharply from 1974 to 1975,
indicating that the declining trend wae either artifact or was
reversing. The average number of species per tow averaged sbout 9 as
it had in the spring with the same net, but showed more variability
between years (Fig. 2R} and no ceonsistent pattern betwseen aite groups

(Table 2.

Summer Crunise, Average abundances and biomase were lower during
the pummer cruise than during any of the fall or epring cruises
{Appendix B, Fig. 2BAC). Piomase wae significantly higher at the
northern inner shelf site group; average abundence wae also greatest

there but was not significantly so, The average number of apecies per

38



tow wae aleo lower than for any other cruime (Fig, 2E), and

gignificantly higher at the northern inahore site group (Table 2.

Major Species. Overall abundance and biomass was largely
determined by a8 small sBuite of species (Tables 3-5). Peprilus

triacanthus wae the most sbundant wpecies during both major sampling

seasond, accounting for ever 30X of the individuals in the fall and

abour 17% in the epring . Sqgualus acanthias exerted a dominating

influence on total biomase, accounting for 40X of the total biomass
doring the fall cruises and over 55X during the spring cruisees . 1In
addirion to Squalus peanthias and Peprjilve trigcapnthue, four other
epecies made consiatent, important contrikutione to abundance and
biomaen, ranking in the top eight in tetal contribution in bath
categories during both sampling seascna, Prijonctus carplipus ranked
second in both abundance and biowmass during the spring, and fourth and
third respectively during the fall. Merluecius bilinearis wae the
third moar abundant species during the fall and the fifth during the
spring, while ranking fourth and fifth with respect teo biomass.
Limandg ferrugipea ranked fourth in bicmass and eixth in number during
the fall and fifth and seventh respectively in the spring, while
Stenotemus chrysopa wae fourth in abundance in the spring, fifth in
the fall, and eighth in biowmaes during both seasons. These gix
species accounted for approximately two-thirdse of both total ebundance
snd biomaes during both seascne. Variations in the average annual
abundance and biomass of these pix epecies were often large and

unrelated (Fige. 6 and 7). Interestingly, three of these speciee are

19
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Figute &,

Mean number of individusle {—=} and biomass (- - =}
per tow of A) Sgualps acanthiae, 3) Peprilus
Eriscanthus, and C} Priopotus carplinus taken during
NWFS Groundfish Surveys, Cape Hatteras to Cape Cod,

1967 -76,
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Figura 7.

Mean pumber of individuals {——} and biomasse (- - -)

per tow of A) Merluccive bilinearis, B) Limanda

ferruginea, ang C)} Stenctomue chryiops taken during
MMFS Groundfish Surveys, Cape Hatteras to Cape Cod,

1967-76.
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of boreal (Sgualup, Merlucciue and Limanda) affinity and three
(Peprilue, Priopotus and Stesiotogus) are warn temperate.

During the summer crviee total abundance was strongly dominated
by two pelagic species, Sgopber A¢omwbrus and Btyumeus teres, which
acceunted for over half of the fishea taken {Table 5)., The former
specien made important contributione te abundance and biomass during
the apring crnises {Table 3), while the lattar was important only
during the fall, when it wasm the egecond most abundant spacies (Table
4), Peprilue tripcanthus was the third mest sbundant species during
the pummer cruise and accounted for the largeat portion of the bicmasa
of any aingle species, Limanda ferrvgipes ranked second in totbal
biomaze and Fifth in nomber, Sgualup was fourth and sixth
tespectively, but the other three species mentiotned abgve did not wake
the same mignificant comtributions to abundance and bicmass ms during
the major eampling seasons. Urophycis regis, a species which appeared
ameng the most important contributors to abundance and biomass during
the fall but not dering the spring, ranked fourth in number and

seventh in biomass.

Community Brructure Indicen

As noted above, diversity and and its components displayed highly
erratic values when caleculated on a per tow basis. Diversity values
tended to follow evenness values much more closely than species
richness, with lower values usually being the reflection of a single
species being taken in preat sbundance relative to the other species
present in & catch. Even when calculated on a peoled basie for each

pite group, Apecies diversities were dominated by the equitability
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companent , with the richness component showing much more even valoes
over the entire study area (Appendix F). There were no evident
gecgraphic patterns duripg either veason, other than a tendency for
the highest values of Epecies richness to be encountered aleng the

shelf break and outer slope,

Pooled Analysea

Because of the bigh degree of similarity in species asecciations
and their distributions between years within each of the major
pampling eseascne, the data for each seasen were pooled by recurrent
apecies associations and site groupe of comsistent similarities in
faunal composition and geographic and hydrographic parametere. This
pooling of dats for each seascn serves not only to typify the
“average” patterns of community structure for that season, bui alsoc
eerves Lo identify the degree to which specific areas and species are
influenced by inter-annual variatione in environmental parameters,

particularly variacions in the thermal regime.

fite Groups. B8ite proups that were pot precisely comparable from

one year to the next conld, however, be categorized on the basis of
the pimilaritiesr in geographic location, bathymetry and temperacure
noted above and faunal similarities ae determined through nodal
analyses (Appendix D) and comparisons of patterns of deminance
(Appendix E), Site groups were pooled only if they showed & high
degree of faunal eimilarity as well s geographic and hydrographic

correspendence.



During the epring crulses the group of site clusters which were

contained between the shore and apptoximately the B°C isotherm were
anpigned as belonging to zite grouwp I (Table &, Fig. 8) for the pooled
analyses. The northern ocuter shelf groups extending from the cold
water group to the shelf break (spptoximately 150 m) were maamigned to

pooled group IT, while the southern groups which occupied the

remaining ahelf both outward and scuth of the 8°¢C isotherm were pocled
as group 1I1. The remaining cuterwost groups locsted along the shelE
break st depthe of !50-3150 m were assigned tc pooled group 1V.

In general, the areas of geographic overlap between site groups
seen in Figure B can be related to varistions in the theromal regime.
For example, there is considerable overlap between groups I and 111 on
the inner and middle shelf south of Delaware Bay., This area showed
the greatest temperature vatiation among years, with grovp T statiom
clustears predominating in the srea ic colder years and group 1171
ptation cluatera in warmer years. Hydrographic parametets and basic
cateh date for each stratum are summarized in Table 7. The
hydrogrephie paramsters (depth, rtemperature) within a site group are
wmuch better represented by the mean and standard deviatiom than by the
range of values encountered. At a emall percentage of stations only a
few species were taken, and in casea where these apecies gocurred
within &1l or aseveral strata, scme misclaesifications occurred,.
Because the incidence of theese obvicus mieclaseifications was low,
they have been ignored rather than introducing an arbitrary aystem of
reclasgification, Virtuplly at] extremely variant valuea pf depth and

temperature and strong deviaticn in gecgraphic location within a site
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Tahle . Assigmment of site clusters from spring and fall cruises to
pooled site groups.,

Site Group
Year

1968
1969
1970
1971
1972
19713
1974
1975
1976

Site Group

Year

1967
1968
1989
1970
1971
19712
1973
1974
1975

SPRING CRUIBES
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Figure B,

Pooled 2ite groupe baeed on cluster analyeie for

apring HMFS Groundfish Survey cruismen, 1968-197&.
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group were attributable to stations where only a few ubiquitous
apecies were taken., Figure 9 illustrates temperature-depth envelopes
for each mite group. In order to reduce distorticne introduced by
minclasaified staticne, points which exceeded two standard deviations
from eithery mean were not incluvded, As may be spen by A comparison cof
Figures 8 and %, groups I and IV are geographically, bathymetrically
and thermally discrete from one another with groups II and II1
cccupying the intermediste area and socmewhat overlapping the first twe
groups in terma of bathymetry and thermal regime. Groups II and 1II
are largely separable on the basis of latitude {ae wall ms faunal
composition),

Because the station groupe recognized from cluster analysis of
the Fall cruises {Appendix B} were not as geographically contiguous or
as thermally restricted as during the spring cruises, grouping into
categories required careful consideration of faonal attributes. As
noted sbove, the diatinction between the scuthern inshore site grouwps
contained between the strong thermal gradient and shore and the more
noerthward and cclder inshore mite groups wae evident only during seven
of the nine creipes. During 1973 apd 1974, when thermal
atratification waes weaker and inshore water temperatures in the north
were higher, there was no distinct break between northern and southern
inshore etaticne groups, bubt instead there were two station groupe
with members in both northern and aputhern inshore and mid-ahelf
waters. Althouvgh not geographically dietinet, one greup from each of
theas years was amsignable to either the scuthern (pooled group I,
Table 6, Fig. 10} or northern (pooled group II) categories based on

faungl mimilarity., Such assignment, of course, led tro the



Figure 9.

Temperature~depth e£nvelopes for pooled apring site
groups, Middle Acrlantic Bight ares, 1%968-1978, To
avaid distortions introduced by misclaseified
stetions, points falling over two standard deviations

from either mean were excluded.
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Figure 10.

Pooled aite groups baeed on cluster snalysie for fall

NMFS Groundfieh Survey cruises, 1967-1975.
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conaiderable geographical overlap seen between groups I and IT in
Figure 10.

The site groups occurring on the northern mid-shelf primarily
between 35 and 90 m, ion the region of the coolest shelf waters were
assigned to pooled grouwp IITI, The remaining Bite groups were either
clagsified as outer shelf/shelf break {pooled group I¥} or upper elope
(group ¥). The qutet shelffshelf break group diaplayed a wide depth
range and a temperature range very similar to groups IT and 1II, but
oceurred conaistently of fshore of those two greuwps (Table 8, Fig. 10).
The upper alope group had the moet restricted temperature range and
wos bathymetrically discrete from the inner and mid-shelf groupe. The
temperature—depth envelopes for the first four site groups {Fig. 11}
show a large amount of overlap in the shallower porticn of the study
area, but much of this overlap is en artifact of combining data across
veare and over a wide area {i.e. thermal ranges and boundaries between
groupe varied between years snd bathymetric boundaries varjed with

latitude).

Species gmgocistions. As with the station clustera, although
there was spme yariation in group composition snd distribution from
year to year, the groupings were largely consistent over the nine year
period of this study, Figure 12 shows the number of times the thirty-
seven moet commenly occurring and deminant epecies occurred within the
game species group during the spring and fall cruises. With the
exception of the first four widespread pelagic species listed at the

top of this Figure, the species are arranged &0 ag to be closest to
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Figure 11,

Tempernture-depth envelopes for pooled fall site
groups, Middle Atlantic Bight area, 1967-1975., To
ayoid distortions introduced by misclassified
ataticnsa, pointa falling outside two standard

deviatione of either mean wers sxcluded.

1.



(W) H1d3Q
00¢ 002

L] L)

0l

oy
(D) 3YNLYYISWIL

L]
o



Figure 12,

Co-occurrences within the same species cluster group
for major epecies, spring and fall WNMFS Groundfish
Sorvey cruises, Middle Atlantic Bight area, 1947-

1976.
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those speciee they occurred with most often in the cluaters, i.e. so
that the densest cells Fall along the disgonal border of the diagram.
Four strongly recurring species groupe ate evident from this

dingram. Myoxgpcephalus cctodecemspinosus, Scophthalmus gguosus, Raija
erinecea, and Limandg ferrugines frequently sppeared in the same group
during btoth saeasons. In the spring they were often joined by
Macrogzoarces smericanus, a species generally sbsent from the clusters
in the fall, while Squalue acanthiae and Pseuydopleurgnecters americapus
were comnon co-group members durimg the fall cruises, Ir the apring
the latter species regularly occurred in a separate group which
ineloded Gadue morhus and Bemitripterus americanve. Except far §.

ugsue, an inshore resident, all of these apecies are of boreal
faunal affinity and are restricted to cold water (Bigelow and
Schroeder 1953; Leim and Scott 1966).

Pripnotus carglinue, Bienotomus chryesope, Paralichthys dentatne,

and Centrppristis strista, s!1 warm tempersate specien, were regularly

cleeuified in the same group during both seasona, During the fall
thie group wae often joined by Mustelus capie, apother warm temperate
specien which was only rarely taken during the spring croises, Two

cther werm temperate apecies, Peprilus triacapthus and Urpphycis

regin, regularly cooccurred with this grouwp in the spring.

Merluccins pilipearig atid Ureophycis chusa were the two moat

consistently co-occurring species, appearing in the same group in all
but one cruiee. Theese two epaciep formed the core of a third apecies
group which was vbiquitous in the spring and wideapread across the
deeper porticon of the study area in the fall. Both of these boreal

gpecies have broader temperature tolerances than the cold water groups
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ncted above [Mumick 1%74: Bigelow and Schroeder 1953). Abundances of
these two Bpecies were greater on the cuter shelf and shelf break, and
they often clustered with FParalichthyas oblongus, an cuter shelf
reeideat, and, in the fall, with Citharichihye arctifrops, & slope

resident which aleo occure on the cuter shelf (Richardeon and Joseph

1973} and Lepophidium cervipum, ancther outer shelf rapident. The
warm temperate species Peprilus triscapthue and Urophycis regian were

aleo common group members in the fall, while Lophius americanus

regulerly occurred in thie group in the spring.

The fourth eclearly defined recurring apecies group was an upper
glope group composed of Helicolepup dactvlopterus, Chloropthalmus
agaesizi, and Merluccjus albjdug, which appeared consistently during
both seasons, Urgphycie tenuis commonly co-occurred with members of
this group during the spring, while in the fall this species was more
widely distributed acroes the suter shelf and tended to appear in

small groups with Lophius americapus and Glyptecephalus cypogloasus.

The major recurring species groupe described above are listed for

each gepson in Table %. The groupe are ordered in the same manner as
the generalized astation groups, that is, sc as to roughly go from
shallowest to deepest {(discribution) while still maintaining nearest
neighbor intergroup relationships ae determined in the clusters.
Because the pelagic epecies encountered in this study showed little
copaiptency in either distribution or faunal agsociaticne and the
sampling teehnique employed was not appropriate to properly assess the
abundance of not-demersal corganisme, pelagic species were not included

in the pooled analysea.



Table 9. Majer Tecucrcant apecies groupm, YHFA Croundf(gh Sucrvey, Hid-htlamtle
Bight area, 198F-1975. Taunal affioicy i deaignatad afoier aech apacies Mame!

Boraal, Bo; wvatm temperatm, WT; dnoar ahelf repident, IS, outar ghalf renident,
4. alope resddenc, 31,

SPRING CRULSES FALL CRUISESR
A A
Caduy morhus Bo Cyntroprigteg sfrinty T
femiteipcorus ansvicanud Bo Mustsaluy canip VT
Pamvdoglauronectal abericanus Ba Faralichthys dantafus WT

Frionctus carslinue T
Stenofowus chrysops WT

3
Limands ferrugings Be |
MACroEoaTies amaCicanus Bo
Myoxocuphalus pctodecapspinosus Bo Lisanda furrugines Bo
Bala arineces Bo Myosocephalus cciedscemnpincsug Bo
Scophehalmus agucsuy I¥ Pawudoplautonactes wlacicanus Bo
Raja gtinacey Bo
Scophthelw.y pguosuy I3
c Squalup scanthise Ro
Lophios amariceanus Bo
Harluccius biljnedciy Ba C
Faralichthyy ohlomjuy OF
Edquslug ncunthing 3o Citharf{chthyy arcijfropg OF
Lrophyeis chusy Bo Muﬂm o5
Mgplyccius biljpearis Bo
Taralichrhys obhlonguy Dtl
L] fepriluy rriacanthup
Urpphycly chuss Bo
Lentroprigtas styisty &T Urophreie tagie T
Paralichihyy deptpfug WT
Paprilug triscanthus WT
Er otuy geroliogyy WT o

gtenotomuy chrysops WT

Vagphyels yeajy WI Slyprocephalup cymoglogsus Ba-51
Lophius asprjcanup 3o
Uroghyciy tenule Bo-91

E

thisvopthelmug agassizi 141 K

Balicolious dictyla E;;;g Bl

Mygpiyccize elpidyy Chloroptha agapyizy EL
Urgphycis penuiy lﬂ-ll Hel{colwguy dac t 1

Marlucciug slhjdye 3%

1L
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Figurea 13 and 14 show the distributional relarionshipe between
the major gite and species groups as determined by nodal analyses. As
toted aboye, theoe relationships are more sharply defined during the
epring cruises thanm in the fall, but in both casse the nodal analyses
show clear differences in the faunal compesition of site proups and
the distribution of species groups. The interrelationehipe aeer here
are alac highly representative of those noted during analyees of the

individual cruises.

Domivance. The dominant ppecies for each of the pocled aite
groups are given in Tables 10 and 11. During the spring Limanda
ferrugineg wae the major dominant at the cpld water, inshore ajte
group {I), Squalue acanthiae and Merluccjus bilinesris were among the
major domipants at all eite grouvpe, and Peprilue tripcanthus wae a
major dominant st all but the cold water site group, BStenctopus
chrysope weas n major dominant along the southern cuter ehelf (group
II1). 1o the fall, the eputhern inshore site group (I) was strongly
domineted by three warm temperate species: Priopeotus carclipus, 5.
chrysops and P. triacanthus. These three species persisted as major
deminants at the northern inshotre site group, but were joined there in
teughly egual dominance by three boreal species: L. ferruginea, S.
gcanthing and M. bjlipenaria, PFeprilue triacanthus and the latter
group were major dominants on the northern mid-shelf {(group II11). P.
trigeanthue and M. bilinearis were alac major dominante at the outer
shelf statione (group IV), where they were joined by Urophvcis regia,
The ehelf break atations (group ¥) wers dominated by M. bilinearis,

Citharichthys arctifrons, and Helicolenua dactylopterus.




Figure 13,

Nodal constancy (A} and fidelity {B) diagrams showing
the inter-relation between pooled site and apecies

groups, MMFS Groundfish Survey spring cruises, 1968-

1976.
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Figure 14,

Nodal constancy (A) and fidelity (B} diagrams showing
the inter-relation between pocled site and species

groups, HMFS Sroundfish Burvey fall cruises, 1967-

1975,
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Abundance and Biomaes, Absolute abundances and bicmass, both of

total catches and of individual species, varied to a much greater
extent than tha relative abundances among epecies throughout the
study, s0 comparisons between the average abundance and biomase of the
peoled site groups muet be approached cautiovusly. The differences in
the pooled site group characterietics with respect to these parsmeters
{Tables 7 and B) presents more of a compopite than typical picture,
with the patterns in individual yeare often deviating considerably
(Appendix A). Average sbundance and biomass were higher in the
northern and inshore portion of the study ares during beth seascna.
During the spring the greacest abundance and biomass weae encountered
in the northern mid-shelf aite group (11}, with values of these
parameters being about 40X legs throughout the rest of the srudy atrea.
In the fall abundance and biomass was greater in bhoth the norchern
inshore (ILI) and mid-shelf (L11) aress, with lower velues gn the
southern inner shelf (I} and considerably lower wvaluees, particularly
with respect tc biomses, along the cuter-shelf/ehelf break and upper
slope, The vyery low biomass seen in this porticp of the study ares
during the fgll sa opposed to Lhe spring 18 the most noteworthy inter-

eeasopal difference with respect to catch rates.

Coprunity strugture indicgs, Mean valuee of the pooled community

atructure indicee for each of pooled seasanal aite groups reflected
the pattetn noted earlier; diversity varied almost linearly with
evenness while epecies richnese was much wore uniform throughout the
study area. During the epring, mean peoled diversity and evenness

were lowest in the southern mid-shelf/outer szhelf group (II1) and



&7

highest at the northern inner-fmid-shelf {I}) and mid-fouter shelf (JI)
groups (Table i2}. The shelf bresk/upper slope group (I¥) had
intermediate diversity and evenness but the higheat apecies richness,
During the fall crvises diversity and evenneas were again lowest
in the southern (I) and outer shelf (I¥} regicns, and higher and
fairly uniform through cut the rest of the etudy area (Table 13),
Species richneas was again highest, but am pot as distinctively ao, om

the shelf break end vpper slope (V).



TABLE 12, Community structure indices for spring pooled mite groups.
Valuer are means of the pooled paramstere from each eriginal
pite group {Appendix F)}.

SITE GROUP I I1 III1 1¥
No. of Groups 23 10 14 18
Diversity x z.78 2,72 1,786 2,41
(K"} 8 0,48 0,17 0,77 0,92
Evennness x 0.60 0.56 0.38 0.4B
(27 B 0.10 0.06 0.15 0.16
Species x 3.14 3.21 2.87 3,48
Richness 8 0.71 0.68 .90 1.36

X = mean value
a = gtandard deviation



TABLE 13, Community structure indices for fall pocled site groups.

Valuas are means of the pooled parametere from each original

site group (Appendix F).
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BITE GROUP 1 11 111 v v
No. of Groups 10 in 12 23 %
Diversity X 1,59 2.89 2. 64 1.49 2,45

{H"} 8 ¢, 6h 0,51 0.49 Q.83 1.06
Evennness X 0.36 0,58 0. 54 0.40 0.49

(I7) ] 0.17 0.13 0.10 0.17 0,21
Species x 1.01 3.62 3.35% 1,01 4,09
Richness 8 0.77 0.71 0,54 0.95 1.11

%x = mean value
g = standard devistion



DISCUSSTION

Deegpite large wvariation in the sbundances of individual epecien,
cluater analysee of nine yearas of survey dats have shown clear and
conagistent patterns of community composition and distribution among
demersnl fishes of the Middle Atlantic continental shelf. Allowing
for thermal variation and mipclaesification of small catches,
pargiatent site and apeciep c¢lusters have indicated the pregence of
four relstively conetant and well defined areas of faunal homogeneity
in the spring and five more general arems in the fall, and five
strongly recurring epecies associations during both seasons.

The spring eite proups can be described approximately as northern
ioner and mid-shelf (I}, extending from ehore out to abour 60-B0 m
from Cape Cod to south of Delaware Bay; northern mid-fouter shelf
(11}, oceupying Erowm around &0-80 m out to about 150 m from Tape CTod
to Hudson Canyon; southern cuter shelf (III), 60-150 m, from Delaware
Bay to Cape Hstteras; and outer shelf bresk (IV), > 150 m. The
southern inner and mid-shelf is s thermally-related trapaition zone
hetween groups I and III. The outer shelf beiween Delaware Bay and
Audecn Canvon wag also a transition zone (bhetween groups IT and I1I),
but this diecontinunity does not appesr to be directly related to
temperature, but rather to the extent to which the northward migration
of the warm—temperate species group hse progressed by the time of the

Burvey,

TO
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The five epring species groups contained cne group specific to
thie season and four which contained common elemente and properties
with analogous fall groups, The first group (A} can be characterized
ae highly cryophilic, being virtuvally restricted te site group I &nd
containing two members {Gadus morhua and Hemjtripterus americanus)
which were relatively absent from the study area during the fall.

None of these Bpecies were major dominants, even within site group I.
The second group (B) ia also composed of primarily boreal, cold water
apecies, but in this case is not completely restricted to mite group I
{although primarily distributed there) and containe the wmajor dominant
for that site, Limanda ferruginea. The third group (C) may be
described a9 ubiguitous throughout the atudy area with moderate or
better constancy te all aite groupa (Fig. 13). All members of this
group are boreal or resident, and the major deminante Merlucciue
bilinearis and Squalve gcapthigs are the nuclear members. The fourth
group (D} ie compoeed entirely of warm-temperate members and ie

restricted to the warmer sputhern and outer-shelf waters {aite groups

[1-I¥), Peprilus triscapthug and Stepptopus ghrvecps are the major

dominanta from thia group. The last group (E} is composed strictly of
weakly dominant slepe speciee mostly confined to the shelf break site
greap {IV},

The epring warming trend noted during the study periaod did not
appedr to have any major effect on the compoaition and distribution of
fiah communities in the area cther than the latitudinal division
between the inehore site groupings. The results of the present study
are very much in accordance with the conclueions of Taylor et al.

(1957) and Colton (1972) who found that while the ranges and
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distributions of certain species did shift with a changing thermal
regime, there were no obvious overall changes in faunal composition.

This is understandable when ope coneidere that the average change

encountered (approximately 79¢) is relactively amall compared to the
tempetrature tolerances of the speciee involved and the seasonal and
peographic temperature variation encountered.

The five fall eite groups can beet be described ae southern ioner
and mid-shelf {1), extending out to about 60 m from Cape Hatteras to
Delawiare Bay and containing the area of warmedt temperatures; northern
inner ehelf {II), extending northward from group I along a similar
depth regime and containing cocoler waters; northern mid-shelf (IIT1)},
extending from proup II out to about %0 m and occupying the area of
the cold pool; onter ehelf (IV¥}, occupying the area between groups I
snd III and about 150 m; and sehelf break (V}, greater than 150 m,
While again with these groups there is some averlap (particularly with
groupe I and I1 as diecuesed sbove) their definition is fairly good
considering the rapidly changing environmental conditiona and
migratory activity of Fish during this period.

The fall species asspciatione, as noted above, have much in
commnoh with those noted in the spring. The small crycphilic group is
absent, but the terms applied to the other four spring groups may be
applied here &8 well. An exclusively boreal-reeident group {B)
persiets on the pnorthern inner and mid-shelf, including four membern
of the spring cold-water group B, one member of the cryophilic group,
and Squalus acanthjas, 8 vbiquitous dominant in the apring found conly

in the northern portion of the study area in the fall. The ubiquitous



gpring group (C) persists with Merluecius bilingearis the major

dominant, and two other common members from the epring group, bur the
fall group is no longer axclusively boreal-resident in faunel affinity
and the group is distributed primarily in more northerly and deeper
waters, Two warm-temperate species, Peprilus tripgcanthus and
Urophyeis regia, join thia group as major dominante, while the other
warm temperate epecies, dominated by Prigpotus carplinue and
Erenctppug chryeops, continue to occur in the same group (A) hut show
A dramatic change in diatribution, occcurring on the inner shelf rather
than along the outer shelf as ip the apring. The ehelf break group (E)
shows the same composition and distribution as in the spring, while
the fifth group (D}, which did not accur in the spring, {s composed of
nondominent euryhathyic apecies which oceur sporadically across all

but the southern inper site group.

Deapite the highly variable sbundances of the species invalved,
there were few major changes in species dominance throughout the
study, Merluccivs bjlinearis, Peprilua triscanthus, and Squa]ue
geanthige were soneistently the three most dominant epecies during
both major seasans (Table 14), Limanda ferruginea was the only najor
apecier to undergo a notahle chenge in dominance, and even that
decline was only pronounced doring the laet two yeare of the atudy,
Parrack (1973) hae carefully linked the decline of this valuable

comueteial apecies to overfishing. Eeveral legs abundant ¢old water

epecied, namely Pevudopleuronectes ametricanus, Myoxocephslus

petodecenepincesus, and Macrorosrces spericapvs underwent declines in

abundance similar to L. ferruginea, but in view of their clese

73
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association with the L. feryuginea, it can be assumed that they have
been subjected to the same fishing preesure. Concurrent with the
declines in dominance of these apecies was an increase in the
dominance of Paralichthye eblongus, While P, chlongus is generally a
deeper living apecies their ranges do overlap, and the increased
abundance of P, pblopgus cccurred within the range of L. ferruginea.
Some degree of replacement seems likely,

The cnly other notable change in dominance sccurred ameng the
pelagiec species. Scopber scombrus, Clupes harepgne, and Alppa
pseudcharenpue all showed declines in dominance through the study
period. While these species have been subjected to considerable
foreign fishing pressure (Brown et al. L975) their abundances are so

variable that the decline may be only apparvent.

Clark and Brown (1977), in & previous analysia which included the
present data, noted drastic declines in fish biomass on the Horrhwest
Atlantic continental shelf, a change which they related to
overfishing. Their data indicated that thie change was most severe in
the area of the present study, with a 74X decline occurring in the
mid-Atlapntic study mrea {southern half of the current study hetween
the periopds 1967-196B and 1973-1974) and a 52T decline in the Southern
New England area (northern half of current study area) between the
periocds 1963-1965 and 1972-1974. While the present study verifies
their results, it alesc puggests that the decline may not be &8 severe
as originally indicated or may have reversed.

Clark and Brown utilized dats from the fall surveys (am noted

above, interpretation of the spring data is made extremely temuous by

75
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the change in nets). Comparison of retransformed average biomase per
tow for the peripds 1967-1968 and 1%73-1974 for both areas combined
ghowa a decline in figh biomaans of 57 (Table 15} which comparas very
well to Clark and Brown e figures if allowancers are made for the
greater biomass in the Southern New England area and the lower
biomagsees encountered in thies drea in 1%67-1968B ss compared to 1963-
1965, 1In 1975, however, there was a aharp incresse in biomans (Figure
14C), and if the years 1967-1968 sre compared to 1975-1976, the
deeline is only &41%. In addition, Clark and Brown noted that the mid-
Arlantic decline waa strongly influenced by large catches of searobine
in 1967. If theee catches are considered anomalous, and the pericd of
1965-1%969 is compared to 1974-1975, the decline in biomass is further
reduced to 29% and 1975 may be conzidered an above averadge year.
Analysie of the data from the more recent cruises should greatcly
clarify thie trend.

As noted by Clark and Brown, total fish biomass in this area is
largely dependent on one speciee, Sguslus scanthige. The recovery in
biomass in 1975 was largely due to this epecies. 3Spring end Eall
eatches of 8. acpnthise were highly untelated (Pigore 6A), indicating
the highly migratory nature of this egpecies. Average total Eish
abundances remained much more constant then bicmase (Fig. 2B&C),
although there wae a 24X decline between the 1967-1968 and 1974-1975
fall cruises.

Peprilug triacanthus, the meat abundant epecies during both
acapone did not exert the same large effect on overall abundance that
Squglus acanthiae did on biomass; in fact the variatien in abesclute

sbundsnces of F. triscanthue was quite different from the variation in



Table 15. Changes in average blomass and abundance per tow for fall

crulaes 1967=1975,
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Year Biomass per tow (kg) Mo. Individuals per tow

1967 a4 217

1968 41 205

19693 46 201

1970 b 155

1971 25 198

1972 48 228

1973 26 147

1974 19 130

1975 43 87

Mean % Change Mean % Change

1967-h8 52.5 207.5
1966-69 43_5 -57 201.0 =33
197274 22.5 -4l |29 136.5 IR T
1974=75 1.0 L38.5
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tranaformed total abundances, reflecting the highly contagious
diettibution of this species {Figs, 2B, 6B). In contrast, despite
being the most consistently dominant species, Merluccius bilipearjine
only accounted for about 10X of the individusle and about 3% of the
biomase taken, indicating a relatively uniform distribution. Ita
biomaas and abundance followed similar patterns with the exception of
fall 1974, when biomase levels were depreseed despite relatively high
abundances (Figure 7A4), indicating a much higher proportion of younger

fish. The stock did not appear to decline through the study period.

Prionotus carolinue wap very abundant during the fall 1967 cruise
and then decliped ateadily during the remaining fall cruises [Figure
6C), 1In the spring however, this species showaed a marked peak in
1969, declined, and then ahowed another sharp increase in 1973, after
which it declined agein. These peaks seem to he related to migratory
patterne and resultant availability rather than to yearclass strength
becavse biomasa alwaye followed much the pame pattern as abundspnce.

Limanda ferruginea, the meet valusble commercigl epecies in the
area, as noted above underwent a drastic declipe doring the astuody
period, although there was an anomalous peak in the fall of 1972
{Figure 7B}. BSpring and fall catches of this species were mote
closely related than for any other major species, indicating that &
subptantial oortion of the population may reside within the study atrea
on a yeer-tound bapis.

Stenotomus chrysops, Jike the other major warm temperate species
discussed hate, waa subject to wide fluctuatione in abundance,

particularly in the spring (Figure 7¢). As with Prignotus cayolinus,
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theae fluctuations seemed more cloaely related to differential degrees
of migration intec the study sres than yearclaws strength. Whereas
there appears to have been a large decline in the spring abundances of
thie specien, the fall catches have remained relatively atable,
suggesting the posgibilicty of two separate stocks.

The two the moat dominant epecies in terms of biomasa and
abundance, Sgualus scanthiss and Peprilus trigcanthus, showed attong
seasonal differences in the groups they clustered with. Bgualua, a
horeal cold water apecies, was widespread in the spring and occurred
in the vbiquitoue group, but during the fall cruises this species was
restricted to the cooler waters on the northern shelf and generally
clustered with the Limands dowminated cold water group. Peprilus
triacanthus generally appeared in the same group as the other warm-—
temperate aspeciee in the epring when it wae distributed aleng the
outer sghelf, but in the fall this speciers was wideapread acroes the
ahelf and tended to be more concentrated in the cocler pertione of the
study ares snd usnally cloetered with the gemi-ubiguitous Merluccius
bilineazis - Orophygip ghuse group, Ppprilus jpcanthus ia
considerably mere tolerant of cooler temperatures than the other warm-
tempetrate species encovntered in this atudy {HAorn 1970). Urophvcis
regia, another warm-temperate species which inhabita cooler watars
{9truhsaker 196%), clustered similarly to P. griscanthus, cccurring
with the warm-temperate group in the spring sod with the semi-
ubiquitous group in the fall, but appeared to have Blightly narrower
temperdture toléerances as it was more reatricted te the southern
portion of the outer ehelf in spring and to be more concentrated in

deeper, warmer waters inm the fall,
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It is obvious that although the two sampling periods included the
two extremea of average water temperatureas in the study area, the fall
(warm extreme} is a much mere dybamic period fer the fish communities
in the region than the epring {cool extreme}., This appears to be in
large part related to the much less stable thermal regime encountered
in the fall, patrticularly in the shallower pertions of the study erea.
The thermal gradients developed during the warmer monthe on the inner
ghelf are much stronger than those epcountered on the mid-szhelf during
the apring, and becausme cooling waters mix or turn over while warming
waters etratify, the falt gradients break down much more quickly than
those in the spring. As 8 result a fish community in this region may
be aubjected to rapidly changing envirommental temperatures by a
nupmber of factors. A relatively pmall shift of water masses in the
vicinity of & etrong thermal gradient, migration acrows a gradient or
rapid cooling and mixing along the gradient all subjact these
comunities to abrupt changes of temperature (Parr 1933), and it is
not eurprieing that the site groupings based on faunal similarities
found in the inner portion of the study area during the fall exhibited
wide tetipersture ranges (Fig, 11}, Parr {1933) pointed out that the
temperature-related distriboticne of organiama in the vicinity of a
atrong thermal gradient may be more influenced by the magnitude of
short term temperature changes than by the actual Lemperatures
epcounterad, Thie cohcept may well have application to the formation
cf the three inpermost esite groupe identified during the fall; for
although the groups strongly ovetlap with tespect to the temperature
ranges encountered there ie a considerable difference in the strength

of the thermal gradients snd presumably the short term temperature
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varistions encountered within each, with group I being primarily sitad
in the region of the sharpest gradients and group III being located in
the most thermally stable area.

Conclusiones concerning the patterns of community structure seen
during the summer cruimse are limited by the lack of any measure of
inter-sannual variabhility, The cold water species group (dominated by
Limanda ferrugipea) and the Marluccius bilinearis - Urpphycis chuss
group both peraisted with basically the ssme compoeition as during the

fall and spring cruises. A notable exception was the sccurrence of

Meglanggrammue aeglefinus, a Bpecies rare during the other cruises, as
a numerically dominant membetr of the M. bilipearje - U. rhuss group.

The catches of M. geglefjipus during this cruiee were compoeed almoat
entirely of voung of the year individuals which had probably drifted
southwest of their spawning ground on George”s Bank. As noted sbove,
the geographic distributions of these two species groups were
intermediate tc those found during the other two seasons but more
closely approximaced that doring the fall, with the Merluceina group
gvolding the warmer Scuthern and inehore waters.

Feprilus triacantbhus and Urophycis regia were the only truly
ubiquitous as well gs the the only warm tewperste species appearing in
the summer ¢luster, The absence of the warm temperate species
asgociation feound during the two majer sampling periods (Prionotues
carolinus, Stenotpmus chrysope, Centropristim strista, Paralichthvs
depntatus) from the summer cluster is a reflection of the inshore
migration of these apecies during the summetr menths. Sampling
conducted inshore of the present study area during an associated study

(discussed below) ancountered large numbers of thepe Bpecies
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{particularly P. carglinua and B. chrysope} during this period of the
year. The abeence of this group from the etudy area is oo doubt at
least partly responsible for tha lower levels of abundance and biomass
eeen during the summer cruige. The aummer slope wpeciea group
appeared with the same compomition and distribution ss duripg the
other cruises.

Although the patterns of fieh distribution seen in the summer
meTre closely resemble those of the fall than the spring, the
homgthermic pature of the site groop cluetere ie much more similar to
the mitvatiop in the apring. Even on the baeis of only a single
cruise it would appear that the summer fish communities in this region
sre considerably less dypoemic than those seen in the Fall and more
carefully structured according to the thermal repime. By inference
there must be a period of high migratory activity for the warm
temperate species between the time of the spring cruises, when theee
specien are distributed slong the cuter ehelf, and the time of the
gummer cruise, when these species are primarily inehore of the study
area. It ie obyicus that the general migratory patterns of the boreal
and warm temperate mpecies within the Hid-Atlantic Bight are quite
different, with the warm temperate species often undergoing long and
rapid cyclical migrations which traverse the entire periphery of the
ptudy ares while the boreal species ehow a much more gradual expansion

and contraction of ranges from the northern porticn of the mid-shelf.

The traditional community atrocture indicen (apecies diveraity
and ita cowponents} showed tremendous variability and inconsistantcy

{(even after the pooling of stations with eimilar Faunal
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characteristica} and are of little value in degcribing the communities
deacribed here except in the moet general mense, While average
divernity waa lower in the scuthern and outer ehelf portions of the
study area over the long term, annval variatione in the thermal regime
or in the distribution of locally eupersbundant species such as

Peprilus triacanthus and the scombrids often created exceptions to

thia pattern. Species richnese appears to provide the most reliable
index of community complexity, and it is nor aurpriwsing that the
maximal walues are found on the ehelf break, where the two major
continental shelf faunal groups overlap with the shallower-living

elements of the deep-sea fish fauna.

Direct compariscn of the present results with thoge of a
concurrently conducted companion study of the Fish communities in the
Chesapeakse Bight {Musick, Colvocoaresses and Feell 1985) ia difficulet.
Despite an overlap in the study areas and utilization of the same
analytical methoda, there was considerable difference in sampling
regimes; Eor example, although the Chesapeake Bight atudy was based on
five soasonal cruises of which three nominally cortrespond to the
gepsone examined in the present study, the timing of the sampling
periods For each season varied considerably between the two studies.
The Chesapeake Bight atudy included a substantial portion of statione
made inshore of snd to the south of the present study area; conversely
a majority of stations made during the cruises discussed here were
north of or cffshore the Chesapesake Bight stody area. As a tresult a
greater proportion of warm tempetate and inshore species appeared in

the clustere from the Chesapeake Bight survey and more boreal and
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alope apecies are present in the present clustera. In addition, those
apecies commen to both analyses were sampled along different portions
nf their ranges and might therefore be expectad te show different
saspciations. Several of the major species associations noted above
did, however, occur repeatedly in the Chegapeake Bight atudy,
Merlucciug bilinearis, Urophyeis chusa, and Farglichthve 1 ug were
in the same species group during Four of the five cruises; during the
fall cruise (which was iater in the year than the present fall
cruises), V. chuss was restricted to the northern portion of the etudy
area and clustered with the cold water species groupa. The boreal

cold water species Limanda ferruginea, Raja erinacesa, Myaxceephalus

octodecemspinoens, Psgudopleurcnectes apericancs, and Macrozoarces
americapup all clustered in the eame group during the fall and both
winter cruiaes, while they ware divided amonpg two groups during the
spring and summer. The warm temperate group conmiating of Prionotus
carplinue, Stenctpomuns chryesopa, Paralichihys dentatup, and
Centropristip etriatg all cluetered teogether during two cruiees while
three of the four cooccurred during two cruises, The alope gronp
apecies noted in the present study were not sampled adequately encugh

to make but isclated appesrsnces in the Cheeapeake Bight clusabtera.



CONCLUSIONS

The distributiconal patterne noted in this peper lead to the
conclugign that continental shelf demersal Eish communities in the
Hiddle Atlsntic Bight are largely etructured by temperature on rthe
inner and mid-shelf and by depth cn the puter shelf and ahelf break.
This is oot at all vnexpected conaidering the sedimentary and
topographical uniformity of the inner and mid-shelf (Emery and Uchupi
1972} and the large aonual variation in bottom water temperature in
the inshore region, with the converse holding true along the puter
shelf and break. SBcott (1982} found the distributions of a oumber of
groundfieh species on the 8cotian Shelf to be related to botteom
sediment type. Althouvgh subatrate preference indices were not
generated during the preaent study, comparisons of species group
distribution with bottom sediment type maps do not indicate any ecLrong
species group-pedimentary relationships. This contrast may be the
result of two major differencea between the continental shelwes in the
Middle Atlantic Bight and off Nova Scotisa; there is a much more
variable sedimentary envirooment and & considerably smmller annusl
range of bottom wabter temperatures on the Scecian Shelf.

Tyler (1971) emamined latitudinal wariaticon in the regular and
geaaonal componente of several mear-shore Atlantic marine fimh
compunities, and concluded that the proportion of aeasonal and

cccasional components to regular componente varied directly with

B5
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arnual varistion in water temperature, The results of the present
study are certainly in pcceord with this conclusion, in that the most
highly variable area in terms of annual water temperature variation
{the southern inner and mid-shelf} was alec the moat variable area in
terms of community cempoeition, but it ie alec evident Tyler”a
statement cannot be taken axiomatically. The outer shelf, although
very homothermic, was also subject to coneiderable seasonal variation
in community structure because of the changing relationship hetween
the stable thermal regime on the outer shelf and the bighly varying
regime in adjacent inshore waters. During the spring. when inshgre
water temperatures were depressed well below those on the puter shelf,
the guter shelf served as a refuge for the warm-temperate specien
apsociation which occurs largely ioshere when weater temperatures there
become elevated above thcecee on the outer shelf.

The present analysis of the determipante of continental shelf
fish community structure im of course limited in that only
envirenmental effects have been coneidered. Trophic relationshipe are
of key importance to the structure of any biotic community, but are
coxpletely beyond the scepe of any study encompassing such a large
area and variety of apecies. It is notewcrthy, however, that food
habits studies of many of these gpecies within the present study area
have repeatedly shown low levels of selectivity, a high degree of
dietary overlap, and dietary ehifts within species across seasons and
along ranges {Sedberry 1983), indicating that trophic relationships
may be considerably less important than in more static Ffish

communities.
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It ig aleo interesting to note that while for the most part the
commnities observed here are structured by species associations that

behave as A groop in response to environmental variation, two of the

monat succeasful species (Peprilue triacanthus and Squalus acapthias)
ore thoea which show the least permanent group affinities. As noted
abeve, the sucgess of P. triscsnthus wmay in part be due to the
apecias”’ very wide thermal tolerance, but 8. acanthias waws one of the
more thermally restricted speciem encountered in the atudy, being

restricted to waters less than 14 C,

In aumibary:

1. Despite large fluctuations in the abundance of individual
ppecies, the compoeition and distribution of fieh epecies
aseociations remained largely consistent over a nine year

period on the Middle Atlantic shelf,

2, Four majer types of species associatione were noted; cold
water, dominated by Limapdg ferrvginea, warm temperate,
dominated by Prionctus ¢carglinug and Etenotomus chrysops,

a ubiquitous boreal group, dominated by Merlucciup bilipesaris
and Urophycig chues, and upper elope, dominated by

Helicolenus dactylopierus.

3. The distributions of these groups within four identifiable

aread of faunal howogeneity during the spriog and Five arveas



duing the fall appesrs closely related Eto temperature and

depth.

Despite the fluctuatione in owerall and specific abundances,
epecien deminance remained generally atable throuvghout the

etudy, with Merluceiue biljpesria, Pepriles tripcanthus, and

Squalug acanthias the principal dominante. Limapdsg

ferrugines ghowed a sharp decline during the study,

presvmably due to overfishing,

Boreal and warm temperate migranta dominated the observed
communities in about equal proportiom during both maipt
eegfone, but the relative contribution of each element varied
greatly between faunal aress within seasons and within faunal
areans between eeasone. Resident apecies appesr to play &

wipnor role in the Mid-Atlantic Bight fish communitiee.

g8



AFFENDIX A

Site group statistics for NMFS Groundfish Burvey Cruisen,

Fall 1967 - Spring 1976.
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APFENDIX B

Bite groupet identified for NMFS Groundfiah Survey Cruises,

Fall 1967 - Spring 1976.
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AFPENDIX D

Nodal constancy and fidelity diagrama for MMFS Greundfish

Survey Cruises, Fall 197 — Spring 19%76.
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Species dominance tablee for NMFS Groundfish

Survey Cruisea, Fall 1967 — Spring 1976.
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AFPENDIX F

Community ettrncture indices for WMFS Groeundfieh

Survey Cruiaes, Fall 1967 - Spring 1976,



Site Group
Year

1968
1969
1970
1971
1972
1971
1974
1975
1976

Gite Group
Year

1967
1968
196%
197G
1971
1972
1973
1974
1975

Bite Group

Year

1969

DIVERSITY (U" )

SPRING CRUIBES

190

I 11 IT1 v v I Y11 VIll ¥4
2.64 13.086 1,05 2.20 2.1% 2,39 1,80
2.3B 2.96 32.05 2.3z 2.40 2.88 1.82 1,20
.02 2.81 3.15 1.28 2.i3 .10 2.66 0.7% 3.06
1.21 3.19 2,75 1.18 3.l6 2.62
3.11 3.1 3,17 1,50 1.47 2.66 2.95 2,48 3.07
3.51 2.90 2.84 O,55 1.2} 1.72 2.356
Z.72 3.31 2.91 1.90 4.09 3.01
Z.0B 2,38 1.90 2,31 3.55 3.59

1.47 2.87 2,13 3,67 3.19 1.55 13.32

FALL CRUIBES

I IT II1 IV v Vi ¥II VIII IK
0.87 2.60 3.26 3,71 2.26 1.14 1.75
1.75% 31,06 .41 2,60 0,55 3,43 1.43 2.717
1.51 3.331 2,85 2,40 1.53 0.67
1.64 2,97 2,00 2,31 2.74 1,27 1,46 2,30 2.61
1.4% 2.52 1.83 2,31 (.32 2,92
1.0 3.91 3,14 2,73 2,22 3,51
0.48 3.21 3.1% 1.56 0,07 2,35 0.74
2-01 EIBE 2-35 2-33 ﬂlgﬁ 2133 3!11*
1.9 2.32 3.09 2.26 1.8BR 2,73 2,81 12.95

SUMMER CRUISE

I II Il IV v Vi ¥11 VIII IX

3,34 2,10 1.25% 2,06 3,26




8ite Group
Year

1958
1959
1970
1971
1972
1973
1374
1975
1976

Bite Group

Year

1967
1968
1969
1930
1971
1972
1973
1374
1975

Site Group
Year

1969

BEVEHNESS (17)

SPRING CRUTSES

191

I I1 ITI v v ¥1 vi1I vilz I1X
c.55 0,65 0.24 0,43 0.456 0.46 0.38
g.64 0.58 0,65 0.70 0.50 0,35 0.36 0.26
0.6% 0.6 0,64 0.3% 0,45 D.26 0.56 D.21 0.59
0D.47 0,63 0,58 0.22 D.59 0.50
0.7% 0,68 0.65 0,47 0.2% 0,52 0.63 0,57 0,62
D.e6 0,55 0.0 0,11 0,27 0.43 0.53
D.54 0.70 0.54 0.42 0.76 0.57
0.40 0.53 0.40 0.48 0.68 0.66
0,335 0,55 o0.32 0,72 0,66 0,30 0,36

FALL CRUISES

1 I1 ITI v v Vi VIiI YITI IX
.17 0.54 0,63 0,73 0,45 0.23 0.35
0.37 0.64 0.531 0.50 0.12 0.83 0.34 0.84
¢.30 0.67 0.61 0.46 0.31 0.13
C.40 0.56 0.40 0.3% ©0.58 0.55 0.35 0.%% 0.7}
0.3¢ 0.47 0.3 0.43 0.08 0.64
o0.24 0,88 0.60 0,535 0.43 0,63
0.11 0.58 0.80 0.38 0.02 0.45 0.17
o.3r 0,59 0,48 0,45 0,20 0,55 0,58
0,38 0.69 0.0 0,47 D41 O.54% 0,67 0.54

SUMMER CRUISE
I Il ITI 1¥ v Vi Y11 YIII IX

0.65 0.3% Q.31 OC.44 0.65




BEite Group
Year

1968
1969
1970

1971
1972
1971
1974

1975
1978

Site Group

Year

1967
1948
1969
1970
1971
1972
1973
1974
1975

S8ite Group
Year

1969

152

BPECIES RICHNESS
BFRING CRUISES
1 II IIT v ¥ ¥L ¥Il Y11l IX
2.97 3.1% 2.19 3.23 2.73 &.22 2.45
.54 3.75 3.38 1.79 4,00 &.25 3,34 2,58
2,95 2,83 3.40 1.66 2,87 1.72 2,82 1.80 4&.71
1.91 3.84 3.17 4.07 4.01 4.26
2,35 2.B3) 1,48 1.46 2.69 3.9%F 2,98 Z.4T7 4,19
1.87 3,94 2,92 2,77 2,09 2,43 4.18
3,36 3,47 4,22 2,56 5,51 &.7)
4,03 2,44 2.67 2,99 4,96 4,93
2.16 3,57 2,10 4,31 3,10 4,00 7.04
FALL CRUISES
I 11 T11 LV ¥ VI V1l Y111 IX
3,50 2.3 3.73 2.9 3.74 13.06 3.6l
2.85 3.16 2.54 3.95 2.23 4.74 2.1p 2.82
3.59 1.3 2,75 3.56 3.03 13.38
1.93 3,82 13.2! 2.14 13.1% z2.28 1.81 2.93 4.02
.40 13,92 3,79 4,72 1.66 1.56
3,01 3.1&4 3.87 3.43 4.07 5.71
2.1} 4,90 4,07 2,37 1.15 4.10 .74
4,82 3.89 13.47F 4.1 2.9 2.20 5.59
.02 1,B3 3,83 3,02 Z2.B5 13.65 2.55 5.43
SUMMER CRUISE
1 IT IIT 1Y L L Y11 VIII IX
ﬁ'-ﬂn 3!?5 lt?ﬁ 3-03 ﬂ-z?
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APPENDIX G

Liast of apecies teken during NMF8 Groundfiah Survey Cruises,
Fall 1987 — Spring 197&, with abundances, cccurrences

and evironmental ranges.
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