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A Five-Year Study of Seasonal Distribution and Abundance

of Fishes and Decapod Crustaceans

in the Cooper River and Charleston Harbor, S.C.,

Prior to Diversion

E. I.. WENNER, W. P. COON 111, M. H, SHEALY, Jr., and P. A. SANDI{FER’

ABSTRACT

Fluctuations in the distribution and abundance of fishes and decapod crusiaceans coliecied by » 6 m otter
trawl nel from the Coerper River-Charleston Harbor esiuarine system (Sowh Caroling, USA) were examined over
4 S-year sampling pericd. A 1ozl of 101 fish species and 41 decapod crustacean species were collected. Species
richness was g a i the harbor mouth. Annwal Ructusrions in species nbundance were
appsrently relzted 10 low b water s which affected yrar-class siremgih. Ten species secounted
for - 90% aof the total number and - 71™% of the 1olat biomass of fin Tishes collected in the estusry: Stediifer
larceolatus, Anchoa miichilli, Micropegomias uwndwlatus, Brevoortia tyrannus, Leiostomus xamhuris.,
Svenphurus plagivsa, Bairdiella chrysaara, Cymoscion regalis, Urophycis regin, and Trinecres macidarus, The
decapod crustaceans Penacus seriferus, P. aztecns, Xiphopenoeus kroyeri, and Callinecres sapidus dominated
1be fin fishes in abund bul nnt b They composed — %" by number and - 97% by weight of the
total decapod faune. The biomass of fishes from this siudy is lower 1han values reporied for other estuaries

along the Atlantic const of the United States.

The Cooper River-Charleston Harbor estuarine system, an imporiant nursery area for fishes snd decapod

or is charac d by dusl ch

ges in famnal

and ¢ R

fap i spatiad dis-

tributional patierns of resident and imasicat species. Numerically dominunt spevcies of fish and decapod orusia-

ceans form assemblages which are nnd

marine specics are more restrictedd in 1heir distribution.

INTRODUCTION

Charleston Harbor and its ributary, the Cooper River, have
been subjected to greatly increased man-made alterations since
1942, Prior 1o that time, the Cooper River was a relatively
small coastal plains stream with a watershed of 1.86 million
km?*. After construction of Pinopolis Dam across the upper
watershed of the Cooper River and creation of Lake Moultrie,
input of freshwater to the Cooper River increased, resuiting in
inundation of marshes and abandoned rice fields. Increased
freshwater flow into Charleston Harbor decreased salinity
(Zetler 1953) and formed density currents with a predominant
upstream bottom flow throughout most of the lower 18 km of
the harbor. As a consequence, sediments were trapped within
the harbor and shoaling increased considerably (U.S. Army
Corps of Engineers®). In turn, the shoaling has caused an
increase in dredging costs and depletion of available disposal
sites within the harbor. Because of this situation, the Army
Corps of Engineers will redivert water flow in 1983 from Lake
Moulirie into the Saniee River system to effect a reduction of
flow into the Cooper River.

‘Marine Resources Research [nstitute, South Carolina Wildlife & Marine
Resources Departinent, P.Q. Box 12539, Clarlesion, SC 29412,

'U.S. Atmy Corps of Engineers. 1975, Final Environmental Statement:
Cooper River Rediversion Project, Charlesion Harbor, 8.C.1 U.S, Army Corps
of Engincers, Charleston Districy Office, Charleston, SC 29403, %91 p.
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species and

The proposed rediversion probably will produce significant
changes in estuarinc habitat as well as in populations of estu-
arine organisms, such as fishes and decapod crustaceans. To
assess possible effects of rediversion on population structure,
spawning success, and distribution of these organisms, it is
necessary 1o determine specics composition, abundance, and
distribution priot to the perturbation, This paper describes
fluctuations in these parameters over a 5-yr period for fishes
and decapod crustaceans in the Cooper River-Charleston
Harbor estuarine systermn.

STUDY AREA

The Cooper River is classified as a mixohaline system, in
which the salt wedge extends along the bottom to Big Island
{Station (002) and bottom salinities decrease from about
279/ a0 at Cummings Point (Station J003) to freshwater art the
Tee (Station CO01) (Mathews and Shealy 1978) (Fig. 1).
Charleston Harbor is a stratified or sait-wedge estuary with
saltwater intrusion primarity a funcuon ot the tudal range and
the amount of freshwater released by the Santee-Cooper Dam.
A salinity differential between top and bottom strata of the
harbor causes theé bottom flow currents 1o predominate over
the bottom ebb currents, with the result that upstream move-
ment of the bottom currents within the saline region of the
barbor forms a sadiment trap (South Carolina Wildlife and
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Marine Resources Department’). Extended periods of high
river flow in the Cooper River frequently dilute water in
Charleston Harbor and even in the vicinity of the harbor
mouth (U.S. Army Corps of Engineers, footnote 2).

Coastal marshes cover approximarely 20,230 ha in the entire
Charleston Harbor system. Of the total marsh area, salt
marshes compose about 48%%, while freshwarter marshes cover
approximately 36%, brackish marshes make up 6%, and
impoundment areas cover 10% (Tiner 1977). The marshes of
the Cooper River reflect strong freshwater inflow, dominated
by bulrushes (Scirpus sp.), cattail (Typhu sp.), and giant cord-
grass, Sparting cyngsuroides. Smooth corderass, Spertina
alterniflora, dominates the low salti-marsh habitats and is
mixed with black needlerush, Juncus roemerianus, in up-
stream locations where salinity transitions occur (South
Carolina Wildlife and Marine Resources Departmeni, foot-
note 3).

METHODS AND MATERIALS

Data Collection

We sampled six fixed stations in the channel of the Cooper
River-Charleston Harbor system (Fig. 1): C001 {The Tee), C002
(Big Island), C003 (North Charleston), C004 (Mouth of Cooper
Riven), JOOI(Charlaston Harbor), and JO03 {(Cummings Point).
Staticns extended in a transect from the harbor mouth inland to
above permanent freshwater. Each station was sampled once a
month during the § yr from February 1973 through December
1977, with the fallowing exceptions: {001 was sampled only dur-
ing 1973 and January 1974 and was discontinued because of un-
trawlable bottom; a new station, JOO1, was established in January
1975. In addition, J0O3 was not sampled until May 1973,

All collections were made with a 6 m (20-ft) semiballoon
otter rrawl of 2.5 cm {1-im) stretch mesh, This net is particu-
larly selective toward capture of juvenile fishes and is less
effective in collection of older, targer fish and highly mobile
decaped crustaceans. Twenty-minute tows were made against
flood tide during daylight hours at a speed of 1.3 m/s (2.5 kn},
resulting in a coverage of 1.5 £ 0.4 km/tow.

Bottormn-water samples were collected 0.5 m above the bot-
tom with Van Dorn bottles at each station prior to trawling.
Water temperature was read from stem thermometers
mounted within the Van Dorn bottles. Salinity was measured
in the laboratory with a Beckman RS7B induction salinometer,
Dissolved oxygen was determined by the Winkler-Carpenter
method (Strickland and Parsons 1968). Turbidity was deter-
mined with a Hach Mode] 2100A turbidimeter. Winter sam-
pling encompassed January-March; spring sampling April-
June: summer July-September; and fall October-December.

Specimens collected were either processed in the field or pre-
served in 10% Formalin and returned to the laboratory for
identification, counting, weighing (nearest 0.1 g), and mea-
suring {total length for fishes; carapace width for crabs, mea-
sured as distance between tips of iateral spines; and total
leagth for shrimp from tip of rostrum to tip of telson).” We

$South Caroline Widiife and Marine Resources Department. l?’rlAstwy of
meMmemhwmwmdw
sediments. Lnpobl. manuscr., wpaginated. Office of Marine Comservation,
Mmmmmp.o.nmlm.w.scmn

recorded size measurements for all species numbering =50
specimens per tow. At stations where the trawl captured
larger numbers of organisms, Wwe subsampied the catch as
follows: If =50 1o = 250 individuals were collected, a minimum
of 50 randomly selected specimens was measured; if >250 10
=500 individuals were caught, a miniinum of 20% was
measured; when > 500 were caught, a minimum of 10% was
measured.

Data Analysis

The degree of similarity among collections and among
species was determined using normal and inverse cluster anal-
yses, employing the Bray-Curtis sirnilarily coefficient and
“flexible sorting straregy”” with the cluster intensity coeffi-
cient, f1, set at the now standard vajue of - 0.25 (Lang¢e and
Williams 1967, Williams 1973; Stephenson et al. 1972,
Clifford and Stephenson 1975). Species which occurred in
only one or two collections during a sampling period and col-
lections which contained only onec species were eliminared
from the analyses. Abundapces were logarithmically trans-
formed {log,[x + 1] where x is the number of individuals for a
given species) in order to lessen the tendency of exiremely abun-
dant species to dominate the similarity matnx (Clifford and
Stephenson 1975).

Two dendrograms were generated for each season: 1) A
dendrogram which indicated association of all sites by season
during the 3-yr sampling pericd based on faunal similarity,
and 2} a dendrogram which indicated association of all species
collected each season during the 5-yr sampling period based on
the abundance of species a1 sites where they were collected.
Nedal analysis {(Williams and Iambert 1961; Lambert and
Williams 1962) was subsequently used io examine species
group and station coincidences based on patterns of constancy
and fidelity {Boesch 1977).

An index of abundance (Musick and McEachran 1972;
Elliott 1977} was used to compare numbers and weights aof
setected dominant species and is expressed as:

h?
1
Index of abundance = — X log.. (x + 1}
N

where x = no. or weight of individuals of a given species in a
chosen frame and N = no. of collections in thal time
frame

We determined biomass and density estimates for fishes and
decapod crustaceans frorm computations of arca swept by our
trawl gear. Estimates of area swept (g) were determined by
the following equation given by Klima*:

a = KMO.6H)
10,000 m:/ha

where X is speed in meters per hour, M is time in hours fished,
and H is headrope length in meters. The constant 0.6 desig-
nates an effective swath of about 60%, of the headrope length
as used by Rue (1969} and csiablished by Wathne (104593, The
area swept by our 6 m otter trawl was estimated by this method
to be{).54 ha/tow.

Ktma, E. F. 1976, A review of the resources in the western central
Atlartic. WECAF Studies No. 3, FAD No. 31299576, T7 p.  Available from
UNIPUB, 1180 Avenuc of the Amevicas, Mew Yok, NY 1036,



RESULTS
Physicochemical Parametery

Botiom-water temperatures were very similar among all s1a-
tions with mean temperatures Jowest bul. most variable in Feb-
ruary and warmest in July, August, and September. Yearly
average lemperatures were lowest in 1976 and 1977 { Table 1),

Salinitics measured monthly were highly variahle ar all sia-
tions; monethiciess, average salinitics were sufficiently different
between stations (Table 1) 1o justily classificarion of sires ac-
cording to the Venice system (Ancnymous [958). Swation
Q001 was classified as limnaelic because salinity did not
exceed 0.5% oo throughout (he vear it was sampled. Salinities at
stations C002 and COO} ranged Irom 0.4 10 [RAM/., and
these stations were characterized as limnetic-mesohaline. We
classified station COO4 as limnetic-polyhaline based on 1he
salinity range of 0.67-26.2'/.... Sations JOO1 (7.5-27.7"/ )
and JOO01 {19.4-33.3°/.1) had 1he highest salinities and were
classified as mesopolyhaline and polycuhaline, respectively.
Average salintity varied also with scason, being lowest in spring
and highestin fali {Table 1.

Average dissolved oxygen concentrations were grealest al all
stations in January and February and iowest in summer. Ne
telation was apparent between dissolved oxygen concentra-
tions and siation or depth. The lowest average concentration
measured inthe Cooper River was4.9mg/ 1.

Although we did not specifically determine sediment char-
acteristics for our fixed stations in 1the Cooper River-Charles-
ton Harbor system, Mathews and Shealy ¢ 1978) reported the
general bottam type to be as follows: (001 thard-mud), (002
{sand), CO03 (shell and sand), COO4 {mud-shell-sand), 100t
{mud and sand), and JOO3 (shell and mud).

Tt 1.-- Average water (tmperatoces umdl salladibes ba the (haries.
ton Hrbor-Coopey River estunsrine sydem, 5.C., 197077,

Ensironmental fmcinrs

Avg. lemp Avg. sabnity
Parsmeters 1€ 1 ol
Year (all wations)
1971 2.1 2.0
194 0.2 141
11 .l 14.%
% Wy 157
1977 19.4 1%.7
Sration {all yemrs, 1973-77)
Jony W0y e
Joor .1 19.2
COG4 19.8 12.4
o0 209 54
002 0.5 1.8
o 9.6 0.07
Season (Wl sintions, [973-77)
Fali 9.1 15.6
Winner .t 14.%
Spring 2.7 157
Summer 24 4.9
Community Compesition and Richness

A toml of 101 species of fishes was collected from the
Cooper River-Charleston Harbor system during the 1973-19T7
. mmpling period (Table 2). Length, botiom salinity, and tem-

perature ranges, along with relative abundance of all species
collected, are available upon request from the authors. Tea
species accounted for %% of the total aumber and 71% of the
total biomass of fshes collected in this estuarine system: Star
drum, Sreliffer lancepiatus; bav anchovy, Anchoa mitchifli;
Atlantic croaker, Micropogonias undulatus, Atlantic
menhaden, Brevoortia tyrannus, spot, Leiostomus xanthiirs,
blackcheek tonguefish, Spmphurus plagiusa; silver perch,
Buirdiella chrysoura; weakfish, Cynoscion repalis; spotted
hake, Uruphycis regia; and hogchoker, Trinecies maculorus.
Stetlifer lanceefatus was the most abundant fish collected each
year of the study, except in 1977 when Brevoortia ryrannus
wis most abundani.

During the S-yr sampling period, we collecied 44 decapod
crustacean species (Table 3). Decapods dominated the fshes
numerically but not in biomass. The numerical dominance was
due (o large numbers of white shrimp, Penweus setiferus, col-
lected in 1he Cooper River-Charleston Harbor system. This
species constituted B3 of the total number and 69% of the
total biomass of decapod crustaceans. Penaceus seliferus was
numerically dominant during each of the 5 yr of our study,
excepl in 1977 when P, azrecus was most abundant. These two
penaeid shrimps, together with seabob, Xiphopenaeus kroyeri,
and blue crab, Caflinectes sapidus, composed about 96% by
number and 97% by weight of total decapod fauna coliected
from the Cooper River-Chariesion Harbor estuarine system.

Average numbers of species collected were greatest in 1976
al the higher salinity stations C004, 3003, and 100] (Table 4),
whereas species richness decreased along the transect of sta-
tions upriver. Mcan numbers of individuals were greatest at
the higher salinity stations {C004, 3003, }00)). In addition,
more individuals were collected in 1975-76 than in 1973-74 and
1977 (Table 5). The fewest individuals were collected in 1977,
probably because of prolonged periods of extremely low water
temperatures during January and February 1977,

Normal classification analysis showed that collections were
a0t distinctly grouped according to their location along the
salinity gradient. During all seasons, collections from stations
classified as limnetic and/or mesohaline were faunistically
least similar to those from high-salinity sites, but overlap ac-
curred in classification of collections in the mesopolyhaline
and polyeuhaline range. Because groups broadly overlapped
by stations and were not clearly separated by cluster analysis
according to salinity regimes within the estuary, we compared
collections from our fixed stations, rather than site groups as
determined from clusier analysis, with the species groups listed
in Table 6. In this way, seasonal comparisons among stations
were Facilitated by direct cross-referencing against the species
assemblages at each station.

During all seasons, collections frem higher salinity stations
Jo03 and JOO! were characterized by stenohaline marine
species. These included black sea bass, Centropristis striata;
searobins (Prionotus spp.); striped cusk-eel, Gphidion
marginatum, lady crab, Ovalipes ocelletus; seabob,
Xiphopenaeus kroyeri; swimming crabs (Porsunies spp.); and
licisind i aba, Pugsrns longicarpus and Cisbanurins viitatus.
In fall, stenohatine marine species {Group B) displayed only
moderate to low constancy and fidelity for collections at
stations J003 and JOO1 (Fig. 2), while in winter, many of the
same species and other marine transient species were sill
infrequently encountered but highly faithful to collections
from station JOO3 (Fig. 2). Stenohaline marine species, which



Table Z.=-Total numbecr snd ctotal welights of fish species collected E9T3=77 10 the Cooper River—
Charleston Harbhar estuarios system, 3.C. Spacles are llwied In order of sbundsace, and dats wre

pooled cver the S-yr epmpling period,

Hpmber Halght

Species . Total 3 Totgl (eg) Fi
srellifer lanseolatue 12,932 313,33 Lb7. 8532 LH.90
Anshoa mitakill{ 3,101 13.38 15,957 1,80
Miaropogenias wadulatus 7,881 11.43 10R. 374 12-20
Brovoortia fymanAus 4,848 T.05 §2.499 9,3
Latnrtomue mathlrts 4,178 b L5 S 2040 6.3}
Symphusue plagiun 3,053 LEEL] i1.633 L B9
Hairdiel lx ohryagura 1,008 4,37 B3.Hab 9. 44
Tmoactom ragalie 2,514 .73 13003 3.72
Uraphyets ragla 1,250 1.27 30.0%| 31.319
Twingetae morulatus L, 5%9& 2.90 15108 1.14
Ietalurue catwd 1,74 Z.81 4l 823 57
Dowceoms Cotanense 1,060 1.54 5.374 0. &0
Aloss aestivalis 513 .75 1,809 D.20
Martied rrhug amerioatus 30 0.45 5.0%7 0.57
Opaarus tau 82 Gukl 38,124 429
Paraliohthus dentarue b1 A.36 5.805 110
Peprilus alepidntue 19 0.35 1.1 0. 1L
Prralishthye Lothogatigms 245 .31 39.58B 4,45
Paprilua trigeanthus 184 0.27 1730 0.19
Thloroagombce chrysurug 132 019 0493 0.06
Aptgthonems oglinum 128 .19 1.767 .09
Etrapue crossotus j¥3] {-18 0.B53 f.0%
Taealume pumetatue 124 O. b8 1.763 {. 10
Prigaotus tribulue LOB O.18 0.26R 0.03%
dnchoe hapaatue 1n3 0.1% 0818 .09
Pome towna #altatmis 91 LB 2. 306 0.6
inguilin rostrata iL] a.11 $.959 1z
Centroprietis philadelphica w0 Do 7.945 1.712
Cithariahthys epilopterue 67 0.09 B 345 1.04
Chaatodipterus fabar +13 4+.08 0.617 0.07
Seophthalmis aquoeus 54 0.08 (LY 0.05
ITotolumed Aebulonue 53 .08 2,557 0,29
Alosa sapidicaima 50 0.07 1.14% 013
Ancylopratta guadrosellata 43 0.08 0.708 008
Triohinrue lepturus AL .08 1.690 0. 19
Selane votwe &0 0.6 0. 377 [+Fi FY
Prionctus eusiana 12 0,05 0216 p.02
Ariue falia 31 .05 2-7T88 .31
raphyots floridana 28 Q.04 a9 g1l
Bypeoblenina haniai 29 Do 04 0.236 0.03
Npwone gazztilda 23 0.01 0.154 .02
Ophidion marginaium FF] Dl 0.413 .05
JTetalurus fursatus 22 .03 0.53) 0.06
Selena sitapimis 21 .01 0,036 .91
Cynoecion nabuloxus 21 f. 002 1.037 0.12
Lagodon whomboidaa 1% 03 0.6452 0.0B
Caranz hippos 18 0.97 0. 32t 0.0k
Centropristis atmldin 15 (.02 0.437 0.0%
Urophyeis sarlli 12 402 0,201 g.02
Darpatie dabing 12 D02 i1.731 L.32
Pogonias cromia 12 002 211040 0.56
Zuriros tomis ug. 13 .02 d.tor f.al
Lapiecatsue osssue 14 .01 17-562 1.99
Alosa medicoria 9 0.0l g.011 0.01
Goblieapr strumorue 9 .01 0.0k 0.0
soumperon iy woow latus L] 0.01 a2l4 0.0
Lut Jaroe grissus 9 0.01 0107 0.01
Fuatnowtomes argenteds ? 0.01 G. Q82 D.01
Frimmctus sp. 7 .41 .02 .01
Prionctue carolime H 0l 2.019 0.01
Mamidic senidia ] 0.41 0.025 0.0l
Prionmtus soitulus 5 .01 0.038 .01
Momasanihiue hispidun 5 4.0 6.009 .01
Arghosargua probatocephalua 5 D.01 0,156 0.02
Cymonaton nothuz 5 0-01 0.035 .01
farioue Fossiatus 4 0.01 0.027 0.01
Astroscopue y-graadion 4 0.01 d.03 .41
Mugll surema 4 0.0l 0.078 0.01
Cyprimue sarpio 4 0.01 15,88 .13
Synocua fostme L] 0.0t O k87 2
Aravoortia sawithi 3 Q.01 1.297 Lo H]
Aotpenssr azy=hymehua 3 4.41 13.835 L.56
Aagre marimee 3 0.0l Q.04 &0
Chilomyeteme antil larm 3 0.01 1. 4.0
Golrionellux shufaldtd 3 Q.01 0. 006 0. 0L
Symplurue civitatus 3 0.0l 0.026 001
Sphowroides waoulatur 3 .01 I.i33 D.01
Pawe flaveocens a 001 0,024 0.0
Lagocephalue lasvigatus 3 0.01 0. 106 0.0
Mugil cephalus 3 bl 0,020 0.01
Gobionaliue boleceow: 3 0.01 0. 006 0.61
Eypwablarmiue Lonthze 2 fa01 0065 .01
Ixtaiumat platyewphalus 4 0.01 0. 335 .04
Fhinaptara boncaus 2 0.0l s ———
Domgaows: cepedianm z S0t 0.035 .0
Lapomie punotcatus i 0.0l 0.030 [: X1}
Flope saurmua 1 001 0. 124 0-01
Mornone aomerioana 1 0.01 B.010 .01
Nystaropsron wiorolepts 1 001 0.071 0-a1
Cymura mianira 1 0.01 0.127 0.02
Raja eglanteris 1 0.01 671 0.08
Carcharhime plumbas 1 0.01 1,045 9.12
Laponris suritus 1 0.01 0. 008 9.01
Totalimnia nataiis i 5.3l a.nna 001
Tatalumus mtice 1 .01 0.058 .01
Elactria pi 1 0.01 L]} .04
Foblonallus hastatus i .01 0.003 0.01

guzchanshe i G.01 T.0f11 001
5 canilotus 1 0.01 0,004 0.9l
Mamtioirrhus Httoralis 1 a0l 0,013 0.01
Froiascnihve gloriceus 1 0.61 0.001 0.04

B, 196 898,409
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TOTAL




Tghle J.-—-Total nunbers and total welghte of decapod crustacean gpecies vollected 1973-77 in the
Cooper River—Charleaton Harbor estuarine syatem, 5.C. Speciea are lieted 1n order of abundance,
and dara are poolad ovar the 5—vr samnling period.

Number Welght

Speclen Total z Total (kg) X
Fanaaue get{ifarua 80,421 82.62 492.927 69.20
Pamaeus axtecus 8,053 .30 56.757 7.97
Iiphopenasus kroyeri 2,657 2.74 4,928 0.69
callinectes eepidus 1,94 1.97 137.836 19.35
ral linactes eimilis 1,438 1.48 11.029 1.55
Trachypenasus conatrictue 121 0. T4 0.912 0.13
Palzemonatas vulgamie 3886 040 0.199 0.03
Povtimue apinimeoria 243 Q.25 2.308 0.32
Pagurue longicarpus 5 0.22 .18z 0.03
Protirmes gibbegii 193 0.20 0.420 0.06
ovalipes stephanaoni 191 0,20 0.646 .09
Panaaua cugnrrum 177 0.18 1.256 0.18
Panopeus herbatii 133 0.14 0.358 .05
Fhitheopanopews harrisii az 0.08 0. 045 0.01
Palaaonatae pugio az 0.08 0.047 0.01
Clibanariue viteatus 77 0.08 0.054 0.01
Dvalipes ocellatue 69 0.07 0.426 0.08
Macrokmachium chione 47 2.05 0. 165 0.02
Pagurug pollicaris 25 0.03 0.086 0.01
Palaamometes ap.® 24 0.02 0.014 <0.01
Neopanope oyt 20 0.02 0.019 <0.01
Cansar irromEue 19 0.02 0.248 0.03
Alphous normanni 1L 0.01 0,003 £0.01
Menippe marcenaric 10 0.01 1.066 .15
Libinia emarginato 10 0.01 0.017 0.01
Libinig dubia 7 0.01 0.01% <0l
Hexapanopaus angustifreoma 7 0.01 0.020 <0.01
Alpheus heterochaslis & 0.01 0,009 <0.01
Palasmonatas intermedive 5 0.01 0.003 <0.01
Sieyonia lzsvigzta 5 0.01 0.005 <0.01
Pancpsur peoidentalise 5 0.01 0.005 <0, 01
Portunis ep." 3 0.0l _— -—
Burypanopeue depragsus 4 <0-01 D.004 <0.01
Callinectes ommatus 2 <0.01 0.082 .01
Edhippelysmta opiophoroides 3 <0.01 0.004 .01
Lysmata wvuedamomi L «0.91] 0.002 <0.01
Siayonia bravircstris 1 «<0.01 0. 004 <0.01
Hepatus epheliticus 1 <0.01 0.060 0.01
Morcpanope sp. 1 <001 0.001 <021
Libindz ap.* L «0.01 0.001 <001
Ianthidae® 1 <0.01 — —
Penceus sp. * 1S <0.01 0.001 <0.01
Prosambamis olavkd 1 <001 0. 006 <0.01
Calliractes sp.® L «0.01 0.001 <0.01
TOTAL 96,978 712,230

*Figld {dantification or dazmged speciwen{s).

M‘-‘&‘W“ohﬂdﬂﬂﬂu-ﬂmmﬂ Table 5.— A verage sumbers of imdividosl fish sud decapod crustacensn toBected
octed 197377 o wathons ln the Cooper River-Chariesios Harbor esarinc 197377 ot stnciens in the Cooper River-Charleston Harbor estusriae sydem,
¥r¥em, 5.C. Numabery in parentheses = sandard ervor of the nesa; 4= mumber S.C.  Numivers lo parcatbeses = sinpdard erroz of the mesn; 5 = narober of
#f sampies por year, tamples per year.
Average numbers of species/station Gramd Average numbers of individuals/siation Grand
L-_'.______c_n'l ooz o063 o J003 00y Mecan Yoar oL Gz w3 Cofd K03 Joo1 Mean
1sm ‘ 6 0 1 2 10 197 2t 385 867 5195 456 — 78
81} (tos} {(0.8% (136 {(2.3%) - 6. (2IBIT (429.0N (471.M) (M46.88) -
1974 A=l p=11 p=12 #a=N n=g _— =11 r=ll a=ll n=1) r=R -
2 [ 9 1 15 _ [}] 1974 2 158 541 1 619 - %3
©.8) (1.2 (24 2 — (45.92) (209.96) (34.50) (1%0.18) —
1979 1 =1l p=l2 aA=12 =12 — n=l A=l a=il aA=12 A=]12 -
12 15 1§ 12 1975 - n 554 519 1,233 1,467 ™
(4D Q12) (% — (s (A9 (123.91) (I55.84) (346.79)
-1 a=ll - amll mgmil a=12 A=)l A=l
13 18 6 i’ 1976 e TS 1,018 488 w T2

146 (144 (l1.66)
n= 12 - 12 - 12
12 13 9 3 77
™ o™ 320
Awll aml2 A=l

{136.55) (39.20) (19M.60) (149.852} (225.80)
R=i2 A=)l a=l2 =12  n=12

F 3 17 9 03 pJ ]
W58 (9067 (LOT) (119.31) (1St4)
cawil awll A=L3 =12 =12

RN




Table 6.--Species groups furmed fzom seasonal cluster analyses of fishes and decapcd cruscaceans collected tn the Coopet

River—Charlgston Harbor estuarioe system, 5.C., 1973-77.

FALL

INTER

SPRING

SUMMER

JEOUp A

catlinaetae sapidus
Symphurus plagiusa
Cynoecton regriis
Bairdielln chrysoura
Anchoa mitchilli
Stellifer lamceolatue
Femacud setiferus

Group B

Aypeshlennive hantsi
Ophidicomn meginztum
Prigmotus trifulus
Fenaaus duo~irum
Oualipes ocellatue
Porturili 6 SPIiNimarmd
Pogumis longioavpue
Clibanariug vittatus
Callingotes similis
Menticirrhug ame riparne
Terchypenceur conptriotus
Portumie gikbbeeii
Yighopenaeua kroyeri

Group

Anchoa hepsetue
lomoacombmis chrysurud
Seleng setapinnis
Peprilug alepidotus
Optethomern ogliwmm
Dgeyatis eabina
Artue falia
Rhithropanopeus harrieff
Chaetodipterus fabar
Pangeua aztecus

Group D

Gobigaox strumIaks
Synewceion nabulague
Salene vomer
Pomatomus ealtarriz

Group E

Ealasmonates culgarie
Euctinostonud argant sud
Palaemonetas pugio
Camenx hippoe

Aloea aeptivalis
Parosorma petensnes
Lutjareie griesua

Group ¥

Paval{shthys lathogtigmz
Anguilla wogtrata
Tetalurua furoztus
Rucsinogtomee 5P+
Leioatomia manthurus
Tringoten muculatus
Istalurus atus

Etropua crogaobus
Contropriatis philadsiphica
Paralichthys dentatus
Opaarea t@d

Neridia menidia
Niorepogonias wndulatus
Bravcortia tyranmus

Croup A

Siryonia laevigata
Libimia dubia
Mugfl curen
Neogpanope eayi
Alphaus mommannt
Libinia emarginaia
Prionotus geftulue
Prionotus avelane

Group B

Cantroprietie eiriata
traphyoie floridang
Centropriatis philadelphioa
Callirastas eimilis
¥iphoperaeus kroyert
Fortunus gibbesis
Powtunus Bpinimines
Trachypendeus comatrictue
GobigecT BtmmOvUE

o lipes occeliatus
Maippe mersenariz
Pagumus pollica~ia
Pzgumia Longisarpus
Mantizirshus americanid
Cancer trromaius
Faralichthys dantatus

Group €

Anahoa mitohillt
Brevoortta tymammms
Mismopogonias wndulatue
Baindiella chryaours
Darggomx petenenss
Penzeur eatiferus
Stellifer lonceclatus
Lefogtome Tonthurus
Symphumus plogiuea

gl Tindotes sapiiua
Paralickthye lethostigm

Uraphyeis regic
Group D

Etwopus sreaeatus
Symoasion regelis
Kypaoblmmiug hemtai
Soophthalmue aquoets
Palaemometee pugic
Lagodom whomboidae
FPrionotus trilulua
Alovee aestivziis
Nenidiz mentdia
Clibanariug vittatus
Aloen sapidiasise
Ancylopsatta qudvozellata

Gtoup E

Penagus aatacue
Falaememates intarmediug
Rrithropangpeus Rarriaii
Pogonice cromis

Areht ue probatoceshalus
Pemopaus harbetii
Cynoeaion nebulosus
Palasmorietes wiparis
Opaerss tau

Group T

Istalirue punctatus
Totalurus nabulosws
Anguilla rowtrata
Maerrobraoh ton ot Lone
Parea filavescsne
Morone ezzatilis

Acipenenr oxyrhynohus
Totalurws platyosphsalue

Group A

Steliifer lanceclafus
Pengaua zetiferus
Urophyaie regia
Trashypenasus sonatristus
Callinestes pimilie
Brevoortia Lymanmua
Peprilus teocanthue
Micropogoniae wndulatus
Latogtomis manthume
Anoshoa mitehilli
Callinectas sapidus
Symphurus plagiugs
Trinected mEculatus

Group B

Cpaanus ba

Fymalichthye damtatus
Fanaaug Q2tacus
Cymoesion regalis
Paralichihys Iethoatigm:
Baindiglle ohryeoura
Falmamemetes vulgarie

Group C

Ansylopaetta quadrocellata
clibanamiue vittatus
Pagurua Longioampus
Prizmotua tribulus
Penasus ducrarum
Peicnotus carolina

Group D

Daryatie eabina
Comtropriatia etriats
Awing Felia

Citharichthye epilopterus

Group 8

Anshoa Rapsetus
dmlipes seallatua
Prichiurus lapturis

Groap F

Dorcacma petaranad
Prionotus avelans
RRithropanspaua harrisii
Pelaswmomatas pugio
Fomatownie saltateiz
Alpsa ceativalie
Lepieogtane oaecua
Alogg sapidiesima

Breophihalonsg aquOME
Peionatus sp.

Group G
Iotalurua pumctatus
Masrobrachium ohione
Tetalurua oatue

Groap A

ophidion wxrginatum

Group A

Latostomus mnthurue
Miopopagoniae wndulatue
Cymoscion wagalia

Pandéud aatdcus

Anchoa mitohill{

Pangeus asatiforus
Callinaotus similis
Trachypanadus oonmstriotus
Stellifer lanoeolatus

Geoup B

Pagumeg lomgiearpua
Porturua gibbearti
Portumur spinimance
Ophidion marginatum
Pagurus pollisaria
Qvalipes ocallatua

Group C

A~iua falis

Cantpopristis philadelphisg
Cithariohthys spiloplercs
Clibemariug ridtatue
Etropua oroeactus

Croup T

Ealaemometas pugio
Bzlaamenates vulgaris
Mralickthys lathowtigm:
Paralishthys demtatus
Opaxnin tau

Callineetan axpidua
Symphumus plagiusa
Peingctee masulatua
Bairdiella ehrysoura
Brevportin tymamms

Group B

Paprilus alepidotus
Chinroscombris shwysurae
Optathomema oglinum
Anchoa Rapastud

Selane estapinnis

Group F

Salans vemer

Trishiurue [apturue
Pomatonus saltatrix
Punopeus herbetii
Priomotus tribulus
Penapur duoramm

Nent fo{vitus cmwricams
Chustodipterua fabar
Faopenopa aayi

Group G

Dorcaoml pdtamansda
Alosa aestivalis

Nowome sazatilis
Faprilue tricconthus
Sapmberomorie meculatus
Bhithropanopeis harristi
Nasrobrash{um ohicone
Tataluris oatus
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Figure 2.—Two-way coincidence tables of constancy and fidellty which conpare species associations armong sampling stations in the Cooper River-Charleston Harbor for fall,
winter, spring, and summer collections, 1973-T7, See Table 6 for specles group lists.
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were restricted in spring to collections at higher salinity stations
but displayed only moderate to low constancy there, composed
assemblages C, D, E, and H (Fig. 2). Species in these groups
included fourspot flounder, Ancylopsetta quadrocellata;
searobins {Prionotus spp.); black sea bass, Centropristis
striata; lady crabs, Ovalipes ocellatus and O. stephensont,
Ailantic cutlassfish, Trichiurus lepturus; and striped cusk-eel,
Ophidion marginatum. Many of the same species composed
groups B and C from our cluster analysis of summer data
and were restricted but infrequently encountered at collections
from stations J003 and J0O1 (Fig. 2).

The only species restricted to samples from the lowest salin-
ity stations {(C001, CDO2) formed group G in spring (Fig. 2).
However, the resident estuarine species, fotalurus punctatus,
I carus, and Macrobrachium ohione, which composed this
group displayed only moderate constancy for collections from
these low-salinity stations.

Ubiquitous species were present during all seasons in the
Cooper River-Charleston Harbor estuarine system. These
species inciuded the numerically dominant fishes and decapod
crustaceans. Although their penetration extended as far up-
river as stations C002-C0O01, species in these assemblages were
generally most constant in collections from stations JOD3,
JOO1, and C004. In the fall, members of groups A and F were
encountered at all stations; but only members of group A were
consistently collected, as denoted by their very high constancy,
at collections from stations J0O03, J001, CO04, and C003 (Fig.
2). In our analysis of winter collections, only members of
group C were eurytopic in station location. Species in this
group were consistently represented in collections at stations
JOO3, JOOI, and CO04, but they were not restricted to these
stations {Fig. 2). Members of group A in spring were generally
found ar all sites but were most consistently encountered at
stations J0O3, J0O1, and COM4 (Fig. 2). Our analysis of summer
data showed that euryhaline species of Group A were con-

sistently present in collections from stations JOO3, JOO1,
C004, and C0O03.

Other assemblages defined by our analysis included species
tolerant of a wide salinity range and not restricted te any sta-
tion location, but generally of low density. Included in these
groups were anadromous species, Alosa aestivalis and A.
sapidissima, the American eel, Aaguilia rostrata; and the
caridean shrimps, Palaemonetes pugio and P. vulgaris.

Temporal and Spatial Distributions

Patterns of distribution for the mast abundant species of
fishes at each station for each month of collection are shown
in Figure 3, and fluctuations in their abundance over the 5-yr
sampling period are shown in Figure 4. Length-frequency plots
which were generated for selected species are not shown but
are available from the authors upon request.

Stellifer lanceolarus, Star drum.—Star drum were most
abundant at higher salinity stations C004, J0OO1, and JOO3,
whereas catches were negligible at stations farther upriver
(C001, C002} (Fig. 3A). This species displaved seasonality in
its abundance, with most individuals collected Qctober
through May. Catches of §. Janceolanus also underwent con-
siderable annual variation and were greatest during the vears
1974-76 (Fig. 4A). Length-frequency polygons for star drum
over the 5-yr sampling period suggested a consistent influx of
small fish (<80 mm TL) into the population during summer
with recruitiment continuing into fall. Frequencies of these
small fish were lower during winter and spring. Qur results are
consistent with those of Weish and Breder (1923), Dahlberg
and Odum (1970), and Shealy et al. (1974}, who alsc noted
that recruitment of young fish first occurred during summer
after late-spring and early-suminer spawning

C. Micropogonias
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Anchoa mitchilli, Bay anchovy.—Anchoa mitchilli were
collected at all stations in the Cooper River-Charleston Harbor
system, except for the most limnetic station (C001} (Fig. 3B).
Bay anchovy were most abundant at station J00i. Monthly
fluctuations in abundance indicated thart little, if any, sea-
sonality was associated with catches of bay anchovy, but
catches did undergo annual fluctuations, being highest during
1974-76 (Fig. 4B).

Micropogonias undulatus, Atlantic croaker.—Atlantic
croaker were collected at all stations in the Cooper River-
Charleston Harbor system, but abundances were greatest
from April through July at higher salimity stations, particularly
those located near the mouth (1001, J003) (Fig. 3C). Annual
variation in catches of croaker was small, with little fluctua-
tion about the grand mean (Fig. 4C). Length-frequency dis-
tributions indicated that most estuarine croaker available to
our trawls were <120 mm TL throughout the year. Al-
though these smaller fish predominated in spring and summer
catches, they were also present during other seasons, but in
fewer numbers. Newly recruited fish (< 30 mm TL) generally
appeared first in fall and continued to appear in the popula-
tion during winter and spring. The continued presence of small
croaker during spring in South Carolina may retlect the slow
growth of fish spawned in late winter or carly spring (Chac
and Musick 1977). By summer, few croaker <45 mm were
collected from the Cooper River-Charleston Harbor system,
and modal groups were in the 75-90 mm range. Although
I-yr-old fish (108-285 mm, from Chao and Musick 1977)
were infrequently caught, probably due te gear avoidance
(Wenner et al. 1982}, their numbers were fewer in summer.
Migration of yearling croaker from the estuarine environment
during summer has been reported in the York River, Virginia
{Chao and Musick 1977), and late summer and early fall in
South Carolina (Bearden 1964) and Florida (Hansen 1969).

Brevoortia tyrannus, Atlantic menhaden.—Atlantic
menhaden were collected at every station except for CO01, the
station farthest upriver (Fig. 3D). Menhaden displayed little
change in abundance by month but were most consistently pre-
sent in November, December, January, and June. Annual
catches fluctuated moderately about the grand mean and were
greatest in 1977 (Fig. 4D).

Leiostomus xanthurus, Spot,—Spot exhibited a distribu-
tional pattern similar to that of Atlantic croaker, being most
abundant at stations J0O1 and JOO3 near the mouth. Spot
also were most abundant during May-July (Fig. 3E). Annual
catches of spot steadily increased over the 5-yr sampling period
(Fig. 4E). The average size of spot was greatest in fall and
winter. Length-frequency distributions indicated that spring
and summer catches of spot were dominated by fishes in the
60-80 mm size range. Our data support results of other studies
in South Carolina (Dawson 1958; Shealy et al. 1974), North
Carolina (Hildebrand and Cable 1930), and the lower Chesa-
peake Bay (Hildebrand and Schroeder 1928; Chao and Musick
1977), which found that young-of-the-year spot first entered
the estuary in April.

Symphurus plagiusa, Blackcheek tonguefish. —Symphurus
plagiusa were most abundant in higher salinity areas of the
Cooper River-Charleston Harbor system, although the species
did penetrate into limnetic-mesohaline areas of the estuaries at
station €003 (Fig. 3F). Over the 5-yr sampling period, abun-
dance of S. plagiusa was greatest in October and November;
however, annua) caiches showed a consistent increase from 1973
to 1976 with a slight decrease in 1977 (Fig. 4F).

Bairdiella chrysoura, Silver perch.—Silver perch were col-
lected at all stations except CO01; and their abundance in-
creased at stations downriver, especially at COM and JOOL
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Figure 4,— Annual variation in the transformed [log:o (+ + 1) mean nomber of individuals of 10 major fish species collected in the Cooper River-Charleston Harbor estuarine
system, 1973-77.
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(Fig. 3G). Although silver perch were present in the Cooper
River-Charleston Harbor system throughout the year,
abundance of the species was greatest from August through
January. Annual catches decreased in 1977 (Fig. 4G). The
presence of silver perch throughout the year in estuaries of
South Carolina (Shealy et al. 1974; Wenner et al. 1982) differs
from the seasonal paittern observed in Chesapeake Bay. Chao
and Musick (1977) noted that most silver perch leave the York
River estuary of Virginia by November. They collected no
silver perch from January to March and suggested that the
year-round presence of the species in estuaries south of Chesa-
peake Bay may be due to the higher salinity or temperature of
those waters.

Cynascion regalis, Weakfish.—Weakfish were collected at
all stations except C001 and were most abundant during sum-
mer (Fig. 3H). Annual catches were fairly constant with little
variation about the grand mean (Fig. 4H). The average length
of weakfish did not differ markedly by season, but length-
frequency distributions showed that the modal length for
spring catches was usually smaller than for other scasons.
This reduction in size is probably caused by increasing
numbers of young-of-the-vear weakfish, newly recruited from
the May-August spawning period (Lunz and Schwartz 1970).

Urophycis regia, Spotied hake.—Spotted hake displayed the
most seasonality in its distribution and abundance, being
collected from February to May only (Fig. 3I). Their absence
from South Carolina estuaries during the rest of the year is
attributed to offshore migration to deeper water during
warmer months (Hildebrand and Cable 1938). Spotted hake

were collected at the most seaward stations, with maximum
abundance cccurring at the mouth of the estuary. Litle
variation in annual catches of spotted hake was present in our
samples (Fig. 41}.

Trinectes maculatus, Hogchoker.— Trinecies maculatus
were collected sometime during the year at every station in the
Cooper River-Charleston Harbor system. Hogchoker were
most consistently abundant at stations upriver (C002 and
C003) and displayed no apparent seasonality in abundance
{Fig. 31). Annual catches of hogchoker increased over the 5-yr
sampling period and were greatest in 1976 and 1977 (Fig. 47).

Penaeus setiferus, White shrimp.—Catches of white shrimp
were seasonal with most individuals occurring late summer
through fall. White shrimp were also most numerous at the
downriver stations (Fig. 5A). Length-frequency distributions
indicated that young-of-the-year white shrimp were present in
the Cooper River-Charleston Harbor systemn during summer
and fall. Most shrimp collected during these seasons were < 80
mm TL, except in 1977 when a few shrimp >120 mm TL
were collected in summer and fall. The absence of young-
of-the-year shrimp in 1977 is also reflected in the annual catch
data for that year when a marked decrease in abundance of
white shrimp occurred {(Fig. 6A). Modal lengths of white
shrimp generally increased during spring to >100 mm TL.
The larger size of shrimp during spring is attributable to
shoreward migration of large shrimp from offshore waters
(Williams 1955} or to the growth of overwintering shrimp to
subadult size (Bishop and Shealy 1977).
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Pengeus aztecus, Brown shrimp.—Brown shrimp were
highly seasonal in their occurrence within the Cooper River-
Charleston Harbor estuarine system. They were collecied May
to September and were most abundant during June and July at
higher salinity stations (Fig. $B). Annual cach rates were
variable and highest in 1974 and 1976 (Fig. 6B}, Juvenile
brown shrimp entered the estuary in spring, remained through
the summer, and were almost totally absent from fall and
winter collections. This seasonal abundance patiern has also
been noted in other South Carolina estuaries {Bishop and
Shealy 1977), although the absence of brown shrimp from

Table 7.—Average seasoxsl biocwmes (kg/hs)

lected wt stutbows in the Cooper

River-Charieston Harber esinariae sysits,

these es}uarics during winter is probably due 10 gear bias for
larger-sized shrimp {Wenner et al. 1982).

Xiphopenaeus kroveri, Scabob.—Seabobh were limited to
higher salinity areas of the estuary during fall and winter
(Fig. C). Annual catches were low, and no scabob were col-
lected in 1973 and 1977 (Fig. 6C). Although X. kroperi occurs
in the lawer portion of estuaries, it is most commonly encoun-
tered in the near offshore coastal zone (Gunter 1950).

Callinectes sapidus, Blue crab.—Blue crab were collected
throughout the Caaper River-Charleston Harbor system, but
occurred year-round only at stations €004 and JOO! (Fig.
5D). Crab were also least abundant at stations upriver. Annual
catches increased over the 5-yr sampling period except for a
slight decline in 1977 (Fig. 6D). Size-frequency distributions of
blue ¢crab covered a wide range of sizes from 180 to 100 mm
carapace widrh with smali crab (< 60 mm CW) presem dunng
all seasons. Average sizes of blue crab were generally larger in
spring and summer,

Biomass Estimates

Biomass and density for fishes were greatest at higher salin-
ity stations J0O1 and €004 during winter and spring (Table 7).
Increased values during these time periods were coincident
with the increased dominance of catches by Sreflifer lanceola-
(s, Brevoortia tvrannus, and Micropogon ias undulatus.
Decapod biomass and density were greatest at station JOO in
Charleston Harbor and during fall and summer for ali stations
combined. These seasonal peaks coincided with periods when
young-of-the-year shrimp became vulnerable to our trawl
gear.

Our mean total biomass and density estimates for all seasons
and stations sampled in the Cooper River-Charleston Harbor
system over the 5-yT study period were:

Biomass (kg/ha) Denssity {no./haj
Fishes 6.04 4N
Decapods 4.98 678
These estimates are comparable to those obtained by Wenner

portions of the Santee River system
Shealy et al, (1974} for estuarine
and Edisto

et al. (1982) for estuarine
of South Carolina and by
portions of the Cooper River-Charleston Harbor
River systems.

and dentity (80./ha) orfillmuddeundmui-

8.C., 19 T1.

Average biomass and density/siation Grand
oxz 03 [eL0) 300! Jog3
Seasoh kg/ha po./ha kg/ha no./ha kg/ha no./kg ke/ba o./ba kg/ha no./ha kg/he no./ha
e ez 537 412
Fall 362 166 z63 202 7.5 2 1103 M2 4% .
Winter 383 175 3TH 258 1648 621 1452 9% 652 8 a4
Spring 175 4 528 2 13M 763 1199 107 606 ¥ 745 ]
Summer .86 97 14 Wy 20 22 530 61 45 9 295 6
Decapods
Fall 157 s 6T 112 935 1,380 1360 1993 6@ 915 13 M6
Wintm 005 i D22 17 am 43 2.0 4 680 a9 LM 20
Spring 0.06 w0 053 s¢ 500 36 170 1m0 2 W LY 9
Sonamet 090 1 1220 290M 3% gz 1210 1288 118 138 628 943
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DISCUSSION

The Cooper RivFr-Chz?rlestqn Harbor estuarine §ystcrn is
char acterized 25 leOha]l.l'l? W]l}‘l gradual -changt_:s in fauna}!
assemblages- The most striking differences in species composi-
tion occurred petween those stations located a_t or near the
mouth of the estuary and thqse located far upriver. The ﬁsh
and decapod crustacean species assemblages associated with
these two areas were primarily composed of stenohaline
marine species and low-salinity ‘rcsidem estuaringe species,
respectively- MNevertheless, euryhal_me species, which extended
from the mouth of the estuary into brackish waters, were
the dominant faunal component Lhreughout the estvary as a
whole. Except for 2 few freshwater species, resident estuarine
species (.8 Trinectes maculatus, Anchoa mitchilli,
Palaemoneles pugio, Ictalurus catus) were found throughout
the system, their distributions often overlapping with those of
species detived from the marine environment. This distribu-
tional pattern is similar to that described by Weinstein et al.
{1980} who noted considerable overlap in distributional pat-
terns of resident fishes and stenohaline marine transients in
the Cape Fear River, N.C.

The observed overlapping spatial distributions] patterns of
resident and transient fishes and decapod crustaceans can
be related to salinity regimes within the estuary and to the
physiological tolerances of component estuarine species to
these regimes. In comparison with estuaries of the Middle
Atlantic states, such as Chesapeake Bay, South Carolina
estuaries are narrower, deeper, and shorter in length (Mathews
and Shealy 1978). The physiography of estuaries (Pritchard
1954}, in addition to other factors such as runoff, tidal action,
and current velocity (Mathews and Shealy 1978), affect verti-
cal mixing and, consequently, determine salinity regimes as
well. The combined effect of these factors in South Carolina
estuaries is a compression of the isohalines, with resultant
overlap in the distobutional patterns of many estuarine $pe-
cies. Ultirately, however, it is the physiological tolerances of
component estuarine species which really determine their
distribution. The spatial limits of freshwater species are main-
tained through physiclogical constraints, while other resident
estuarine species are able to tolerate a wider range of salinity
and apparently are not limited by competition and predation
1o the lower reaches of the estuary (Weinstein et al. 1980).
Physiological tolerances are also important in determining the
upestuary limits of species which are numerically dominant in
the Cooper River-Charleston Harbor system. For the most
part, these species were unsble to penetrate into areas where
the isohalines were ©0.5%/q and were generally most abun-
dant at stations in the mesopolyhaline zone.

The overtapping spatial distributions of many resident
estuarine, stenohaline marine, and numerically dominant
euryhaline species in the Cooper River-Charleston Harbor
system are reflected in the greater species richness and abun-
dance of individuals at stations in the mesopolyhaline zone.
Assemblages ar these stations were comparatively diverse,
z:’“"“& of some resident cstuaring and euryhatine species
cien MAny stenohaline marine specics. Seasonal peaks in spe-

_diversity are largely attributable to those stenohaline
MAINE transients which occur sporadically in low densities
throughoug the tower reaches of the Cooper River-Chiarleston
Harbor tystem. Biological intevactions such as predation and
. Sompetition for space and food can also contribute to species
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diversity and richness. Weinstein et al. {1980} noted that in-
creased predation pressure probably enhanced species diversity
in downstream marsh areas of the Cape Fear River, N.C., by
preventing dominant competitors from monopolizing the
major food and space resource. An allernative explanation is
that enough food may be present in the lower reaches of the
river (o support a high diversity of species. buryhaline species
such as the sciaenids wers numerically dominant in the Cooper
River-Charleston Harbor system and were most abundant at
downriver stations. Juvenile sciaenids feed opportunistically
on a variety of infaunal and demersal species {Chao and
Musick §977). Their successful coexistence in higher salinity
areas with stenchaline marine and other estuarine species may
be atiributed to utilization of food resources from differcnt
levels of the water column and to the abundant food resources
of the estuarine system. In this case, food would not be a
limiting resource and intrafamilial o interspecific competilion
would not be as important a factor (Chac and Musick 1977).

Temporal distributiona! patterns werc another important
aspect of the fish and decapod community of the Cooper
River-Charleston Harbor system. Temporal changes in species
associations and abundance were related primarily to fluctua-
tions in abiotic variables. Bottom-water temperature in the
channel of the estuarine system exerted a substantial influence
on the abundance of species collected. The most noticeable
decreases in abundance of fishes and decapods coincided with
annuval minimum temperatures, especially those experienced
during the extremely harsh winter of 1977, These seasonal
trends in abundance were especially cvident for the sciaenid
fishes and penacid shrimps. For those species which may over-
winter in the estuary, such as Micropogonias undulatus and
Penaeus spp., extremely low winter temperatures can destroy
an entire year-class (Massmann 1971; Farmer et al. 1977}
Thus, temperature-related mortalities, as well as emigration of
juveniles, probably contributed to the low abundance and
biomass observed at that time. Similar explanations were
suggested by Weinstein (1979} for decreased abundance of
Penoeus spp. in the Cape Fear River, N.C.

Seasonal differences in species assemblages reflected
changes in abundance as well as exclusion of some species
from the estuary during part of the year. However, most spe-
cies remained in the estuary throughout the year, while their
abundances changed seasonally. Nevertheless, while faunal af-
finities varied throughout the year, as indicaied by cluster
analysis, the species composition of the estuarine system as a
whole was not altered appreciably. Tempaoral fluctuations in
abundance appear to be a means through which more species
are able to utilize the estuary simultaneously by a reduction in
densities and competition for food and space.

The importance of abiotic factors in determining the distri-
butional patterns of estuarine biota has elicited concern about
the effects of rediversion on the integrity of species assem-
blages and, more impertaatly, on interspecific balance (Shealy
and Bishop 1979). A restriction of freshwater inflow will prob-
ably cause salinities to be higher and, consequently, modify
the existing salinity gradient. Additicnal consequences of a de-
crease in flow rate might include a decrease in nuirient and
detritus influx, Jowering of the water table, reduction in water
turbidity, alteration of cstuarine circulation, and reduction in
the ability of orgamisms to withstand stresses of normal
drought periods (Heald 1970; Keiser and Aldrich 1976). These
alterations, should they occur in the Cooper River-Charleston



Harbor estuary, will undoubtedly affect the suitability of the
estuary as a nurseryground.

A reduction of freshwater inflow will eventually increase the
homechalinity of this estuarine system. A displacement of the
current mesopolyhaline zone further upstream will affect the
distribution and abundance of larval and juvenile fishes and
shrimps. Upestuary marshes are critical areas for early devel-
opmental stages of fishes and shellfish (Weinstein 1979). The
inflow of freshwater, which currently inundates marshes and
abandoned rice fields in the Cooper River-Charleston Harbor
estuarine system is more jmportant in maintaining upestuary
marsh habitat suitable for fishes and decapod crustaceans. After
rediversion, much of this habitat, currently subject to overflow,
will no longer be available as a nursery due to lowered water
levels and higher salinities (U.S. Army Corps of Engineers
footnote 2). A substantial reduction in nursery habitat could
affect the entire estuarine Foodweb. Estuarine salt marshes are
highly productive, being dominated by cordgrass (Sparting)
which ultimately provides a source of food to organisms in the
estuarine system (Massmann 1971). Thus, the nursery functions
of estuaries are closely related 1o the viability of plant commu-
nities. Alteration of areas which supply much plant detritus
may lower the numbers of detritus-algae consumers which, in
turn, will eventually limit subsequent trophic levels. This may
be particularly troubling from an economic point of view be-
cause the abundance of commercially valuable penacid shrimp
is directly related to the absolute area and type of estuarine-
intertidal vegetation (Turmer 1977).

The habitat of stenohaline marine species may not be af-
fected deleteriously by rediversion. In fact, these species will
probably penetrate even farther upriver than they currently
do. Because numbers of species and individuals of fishes and
decapod crustaceans are now higher in more saline reaches of
the river, species diversity of areas in the Cooper River-
Charleston Harbor which are currently lower in salinity could
be increased by rediversion. Increases in diversity probably will
be attributed to higher numbers of stenohaline marine species
rather than euryhaline or resident estuarine species; however,
many estuarine species, whether resident or transient, are liv-
ing near the limit of their physiological tolerance of tempera-
ture or salinity, so further alteration of the environment may
exclude some species permanently (Odum 1970).

In addition to changes in diversity, the species assemblages
as we have defined them by station location will probably be
attered following rediversion. Whether this alteration will en-
tail a mere shifting of assemblages upriver or the introduction
of completely different groupings of species will depend on the
effects of rediversion on competition and predation. Food re-
sources can be limiting in estuaries (Lasker 1975; Houde 1978;
Laurence 1977). If habitat is lessened and the opportunity for
spatial segregation becomes minimal, then seasonality and
other forms of temporal segregation may be the only means of
reducing competition among species with similar food require-
ments (Weinstein 1979). Seasonality, which includes differ-
cnces in spawning periods as well as density-independent fac-
tors such as temperature, dissolved oxygen, and nutrient
inputs, may mitigate any changes in competition or predation
(Ensight 1976) precipitated by man-made perturbations. In
turn, the sdverse effects of rediversion on the estuarine biota
may be nather drastic nor irreversible, although this remains
1o be seen.
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