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A Five-Year Study of Seasonal Distribution and Abundaace
of Fishes and Decapod Crustaceans

in the COoPer River and Charleston Harbor, SnC«9
Prior to Diversion

E. I . WFNNER, W. P. COON III, M. H, SHEALY, Jr., and P. A. SANDIFER'

ABSTRACT

Flurtuations in the datrihution and abundance of fishes nod decapod crustaceans collected bi a 6 m otter
trawl rirt from  hc Cooper ftiicr-Charleston Harbor estuarine sistern south Carolina, USA! were examined over
a 5-year sampling period. A total of la l fish irpecirs snd el decapod crustacean species «erc collected. Specter
rich«etc was greatest at stations nearest the ha*or mouth. Annual Auc ustiom in species abundance were
apparently related to ion bottom water temperatures «htch affected year-class strength. Ten specter accounted
for - 9ttwe of the torsi number and -Tt "r of the terat biomass of An fishes cogected in the estuaryi Striltyrr
laneralarut. Anchoa mirchilfi, &arapngnrtiar undufruut, ffrri carrie ryraunuS. LrrnrlamuS Sunrhuru«
55 mphurus frragfusa, Balrdlclfa ciirl narra, r yriotciaa rrguiis. t'iopftrcis rarer, and rrtnccrcs maculalns, The
decapod crustaceans Prnarus teriferus. P. asrccus, Xiphapcnacus Rrayerl, aad Callinccrcs srrpldus dominated
the fin fhhes ia abundance hut aot hlnnmss. The> composed � 94rrr by oumbrr and � 97nr hi wright of the
totd decapod fauna. The biomass of Ashes from this study is lower than nines reported for other estuaries
along the huantic crest of the United States.

The Cooper River-Charleston Harbor estuarine system, an imponant nursery area for fishes and decapod
rnistacraas, is characterised bi gradual changes in faunal assemblages and considerable overlap ut spatial die
trihutioaal paneras of rcrhfcnt and Irnasieut spades. Nnmerh ally dominant tpccns of fish and decapod crusta-
ceans form assemblages which are spanagi and teraponsliy nhhtuitous. Resideot estuarine species aad ates oh dine
a«urine species arc more restricted ia their dis rihnston.

INTRODUCTIOlttl

STUXlY AREA

Charleston Harbor and its tributary, the Cooper River, have
been subjected to greatly increased man-made alterations since
1942. Prior io that rime, 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, resulting in
inundation of marshes and abandoned rice fields. Increased
freshwater flow into Charleston Harbor decreased salinity
 Zetler 1953! and forined density currents with a predominant
upstream bottom flow throughout most of the lower 18 km of
the harbor, As a consequence, sedifnents 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 af available disposal
sites within the harbor. Because of this situation, the Army
Corps of Engineers will redivert water flow in 1983 from Lake
Mouhrie into the Santee River system to effect a reduction of
f!ow into the Cooper River.

'htarine ReSOurces ReSCarCb Institute, South CarOlina Wildsre a hfarine
Resources Departmetu, P.O. Roa 12559, Cbarteshm, SC 294f 2.

'U.S. Anny Corps of Rnghtcms. 1975, Find Enviro~ Stataamt:
Cooper River Radilvtsshm Proiect, Claricston Harbor, S.C, l U.S, Army Carps
of ~ ~ Distrhrt Ofncc. Cbarfcraon, sc 29atts, Rn p.

The proposed rediversion probably wiII produce significant
changes in estuarine habitat as well as in populations of estu-
arine organisms, such as fishes and decapod crustaceans. To
assess possible ef1'eels of rediversion on population structure,
spawning success, and distribution of these organisms, it is
necessary to determine species composition, abundance, and
distribution prior to the perturbation, This paper describes
fluctuations in these parameters over a 5-yr period for tishes
and decapod crustaceans in the Cooper River-Charleston
Harbor estuarine system.

The Cooper River is dassified as a mixohaline system, in
which the salt wedge extends along the bottom to Big Island
 Station C002! and bottom sallntties decrease from about
27o/~ at Cummings point  Station 3003! to freshwater at the
Tee  Station C001!  Mathews and Shealy 1978!  Fig. I!.
Charleston Harbor is a stratified or salt-wedge estuary with
saltwater mtruston prunariiy a funcuon ot the udal range and
the amoum of freshwater released by th» Santee-~ I3am.
A salinity differential between top and bottom strata of the
harbor causes the bottom f!ow currents to pred~ over
the bottom ebb currents, with the result that upstream move-
ment of the bottom currents within the saline region of the
harbor forms a sediment trap  South Carolina Wildlife and
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Marine Resources Department' !. Extended periods of high
river flow in the Cooper Ri~er frequently dilute water in
Charleston Harbor and even iti the vicinity of the harbor
mouth U.S, Army Corps of Engineers, footnote 2!.

Coastal marshes cover approximately 20,23p ha in the entire
Charleston Harbor system, I-yf the total marsh area, sah
nlarshes compose about 48~it, while freshwater marshes cover
approximately 36"h, brackish marshes make up 6stro, and
impoundment area~ cover IO%%uo  Tinct 1977!. The marshes of
the Cooper River rcflccl strong freshwater influv, dominated
by bulrushes  Set'rpussp.!, cattail  TJ'pfttt sp.!, and giant cord-
grass, Spztr incr < vnosurotdes. Smooth cordgrass, Spttrtintt
a!rerniflora, dominates the low sah-marsh habuats and is
mixed with black needlerush, Junctts roemeriantts, m up-
stream locations v here salinity transitions occur  South
Carolina Wildlife and Marme Resources Departmem, foot-
note 3!.

METHODS AlssD MATER!ALS

Data Collection

We satnpled six fixed stations in the channel of the Cooper
River-Charleston Harbor system  Fig. I!: COOl I The Tee!t C002
fBig Island!, C003  North Charleston!, C004 I Mouth of Cooper
River!, JOOI Charleston Harbor!, and J003  Cummings Point!,
Stations extended in a transect from the harbor mouth inland to
above permanent freshwater. Each station was sampled once a
month during the 5 yr from February 1973 through December
1977, with the  'ollowing exceptions: C001 was sampled only dur-
ing 1973 and Januarv 1974 and was discontinued because of un-
trawlable bottom; a new station, J001, v as established in January
1975. In addition, J003 was not sampled until May 1973,

All collections were made with a 6 m �0-ft! serniballoon
otter trawl of 2.5 cm  I-in! stretch mesh, This ne  is parricu-
larly selective toward capture of juvenile fishes and is less
effective in collection of older, larger fish and htghly mobile
decapod crustaceans, Twenty-minute tows were made against
flood tide during daylight hours at a speed of 1.3 m/s �.5 kn!,
resulting in a coverage of 1.5 C 0.4 km/tow.

Bottom-water samples were collected 0.5 m above the bot-
torn with Van Dorn bottles at each station prior to trawling.
Water tetnperature was read from stem thertnometers
mounted within the Van Dorn bottles. Salinity was measured
in the laboratory with a Beckman RS73 induction salinometer,
Dissolved oxygen was determined by the Winkler-Carpenter
method  Strickland and Parsons 196g!, Turbidity was deter-
mined with a Hach Model 2100A turbidimeter. Winter sam-
pling encompassof January-March; spring sampling April-
June; sutnmer July-September; and faII October-December.

Specimens collected were either processed in the field or pre-
served in 10'Its Formalin and returned to tile laboratory for
identification, counting, weighing  nearest 0.1 g!, and tuea-
suring  total length for fishes; carapace width for crabs, tnea-
sured as distance between tips of lateral spmes; and total
length for shrimp from tip of rostrutu to tip of telson!. We

recorded size measuiements for ail species numbe
specimens per tov, At stations where the trawl captured
larger numbers of organisms, we subsampled the catch as
fogows: lf re sp tu 250 int}ividuals were collected, a min"m
of 50 randonlly selected specimens was measured; if >250 to
< 500 ind»iduals v ere caught, a minimum of 26%%u4
measured; when >5NI were caught. a minimum of' Ip'/t as
meas ured.

Data htutlyttls

The degree of similarity among collections and among
species was determined using normal and inverse cluster anal-
yses, employing the Bray-Curtis similarity coefficient and
"ttexiblc sorting strategy" with the cluster intensity coeffi-
cient, fl, sct at the no»»alEdald value of � 0.25  Lance and
Williams 1967; Williains 1971; Stephenson et al. 1972;
Cliff'ord and S ephenson 1975!. Species which occurred in
only one or two cogections during a sampling period and col-
lections which contained only onc species were eliminated
from the analyses. Abundances were logarithmically trans-
f'onned  log,,[x + I! where x is the number of individuals for a
given speciesl in order to lessen the i.endency of extremely abun-
dant species to domiriate the siinilarity matrix  Clifford and
Stephen son 1 975!.

Two dendrograms were generated for each season; ]! A
dendrogram which indicated association of all sites by season
during the 5-yr sampling period based on faunai similartty,
and 21 a dendrogram which indicated association o ' aII species
collected each season during the 5-yr sampling period based on
the abundance of species at sites where they were collected.
Nodal analysis  Williams and I.arnbert 1961; Lambert and
Williams 1962! was subsequently used to examine species
group and stat.ion coincidences based on patterns of constancy
and fidelity Boesch 1977!.

An index of abundance  Musick and McEachran 1972;
Elliou 1977! was used to compare numbers and weight~ of
selected dominant species and is expressed as:

Js1
I

Indexofabuiidatice = � X log,  z+ I!

where x = no. or weight of individuals of a given species in a
chosen frame and r'V = no. of collections in that titne
fr aine

We determined biomass and density estitnates for fishes and
decapod crustaceans from computations of area swept by our
trawl gear. Estimates of area swept  a! were determined by
the I'ollowing equation given by Klitrta'.

l0,000 m'z'ha

where K is speed in meters per hour, ~ Is time in hours fished,
and H is hmdrope length in tneters. The constant 0,6 desig-
nates tm effective swath of abou t 6I3% of the headrope Itmgth

used by Roe  I96 ! tu d cs<bl hed b; Wathne �9 9! The
area swept by our 6 m otter trawl wits estunated by th.
to be0.54 ha/tow.

'gtitsh Gttothut tNMltfe and Msrhte Rsstistets Deeertttgcg l~. x u y af
ihe Cbatttstoa ttarastr etntsry wtth ttiestst ~ to ~
~ sdimcats, Vtaisbt. stwtttter., tttttisaittstttt. attics of Marttte Oeattrvstkitt
Mstlstttttttt saa gsrvteet. p.o. Ittitt 12559, CbarlstteN. gC sssta.

'Kgttta, E, F, t97S. A revieW u  ttte ttstu
Attsade. %ECAF gtodies Na 3, FAo No 3ssrts 76 77 @ A~ f
vNII%8, I 1% Avenw or ttte~
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Igottom-water temperatures werc very similar among all sia-
tions with mean temperatures lowest but most var iabie in Feb-
ruary and wannest in July, A.ugusi, and September, Yearly
average temperatures were lowest in 1976 and 1977   I'abie I ! .

Safinitics measured monthly were highly variable ai ail sia-
tions; nonetheless, average salinit tes were suf'ficiently dif'fcrent
between stations  Table I! to justify classif'icarion of ~ire~ ac-
cording to the Venice system  Anonymous 195g!. 'iiation
C001 was classified as limnciic because saliniiy did not
exceed O.S"r~ throughout ihc year it »as sampled, ialtnrttcs at
stations C002 and COOl ranged Irorn 0.4 io lg.O" r..., and
these stations were characterized as limnetic-mesohaline. We
classified station COO4 as liinnetic-polyhaline based on ihe
salinity range of 0.67-26.2" r..., sitar ions 300f �.6-27.7"r 'l
and JOO3 {19.4-33.3"I -! had ihc highesi saliniiies and werc
classified as mesopolyhaline and ptvfycuhuhne, respcciivcly.
Average ralinity varied alsti with seasssn, bring kiwcsi in spring
andhighcst in fall Tabke I !.

Average dissolved oxygen concentrations werc great est ai ail
stations in January and February and lowest in summer. No
relation was «pparmtt between dissolved oxygen concentra-
tions and station or depth. The lowest average concentration
meaaured in the COoper River w as 4.9 mgr I.

Although we did not specificaliy determine sedimeni char-
acteristics for our fixed stations in ihe Cooper River-Charles-
ton Harbor system, Mathews and Shcaiy  l978! reported the
general bottom type to be as followsi CS!l  hard-mud!, C002
 sand!, Og�  shell and sand!, CX$4  mud-shelf-sand!, JOOl
 mud and sand!, and J003 f shell and rnudl.

1@frat i.� Avsraas watsr tsaraerasvce sari saasttler Ss the  aartss.
tria tS~Osrtrsv atvsr sssasrlrii srstera. 'i. C� taTS ry,

t nwinrnnesflll Iasmrs

xvs. saaniiy
t lssl

hvS. lsrsp
I c'I

Year i ~ S itaitoni!
tsrt1
i%11
lÃs
i sns
t977

station tstt years, terra-77!
Jsos
soot
cOos
cxttl3
ctxll
Otal

Seastrn tsa siaiisrrss, lsrrs-ri!
Fall
Winter
Spnaa
Summa

U. I
?0.2
? I. I
iv,v
1 sr.s

is o
ta I
14. s
ls >
is.r

57
ra.2
it.a
5 4
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O.trr

to.v
so.r
10.8
so.v
20. s
ts.s

tu.l
i 1 .'i
21.r
at. I

ts s
les
i3.7
ia9

A total of 101 species of Ashes was coUected frosa the
~ River~rieston Harbor system durfttg the I973-leafy
settyllttg period gable 2!. Lieth, bottom sahmty, and tettt-

perature ranges, along with relative abundance of all species
collected, are available upon request from the authors. Ten
species accounted for 90rrrs of the total number and 7l'ys of the
total biomass of fishes collected in tiiis estuarine system: Star
drum, S e/ltfer lunceolatus; bav anchovv, rtnchoa rntrcfrridi'
Atlantic croaker, Mt'cropogonius unrlularus,' Atlantic
menhaden, Brevoortia tyrunnas; spot, Leiosrornus ranthurus'
blackcheek tonguefish, $J:mlilturus piuetrrsrr; silver perch,
Btrtrdiefla chrysouro; weakfish, Cynoscion regalrs; spotted
hake, Urophycis rcg rr; and hogchoker, Trinec es niacu/irlus.
Steflffer foneeo atus was the most aburidant fish cogected each
year of the sludy, except in 1977 when Brevorrrrra tyrannus
was most abundant,

During the 5-yr sampling period, we collec cd 44 decapod
crustacean species fTable 3h Decapods dominated the fishes
numerically but not in biomass. The numerical dominance was
due to large numbers of white shrimp, Penueus seuferus, col-
lected in thc Cooper River-Charleston Harbor system. This
species constituted 83als of' the total number and 69 is ol' thc
total biomass of decapod crustaceans. Penueus serifcrus was
numerically dominant during each of thc 5 yr of our study,
except in l977 when P, azrecus was rnosi abundant. These two
pen acid shrimps, toget her wit h seabob, Xi pholrenaeus kroJreri,
and blue crab, Ce/ incr es snprdus, composed about 96 ys by
number and 97% by weight of total decapod fauna coUected
from th» Cooper River-Charleston Harbor estuarine system,

Average numbers of species collected were greatest in l976
at the higher salinity stations C004, 3003, and JUOl  Table 4!,
v hereas species richness decreased along the iransect of sta-
tions upriver. Mean numbers of individuals were greatest at
the higher salinity stations  C004, 3003, J00!!. ]n addition,
mare individuals were collected in l975-76 than in l973-74 and
l977  Table 5!. Thc fewest individuals were collected m 19?7,
probably became of prolonged periods of extremely low waier
temperatures during January and February l977,

Normal dassificaiion analysis showed that coliections were
not distinctly grouped according to their location along the
salinity gradien,t. During all seasons, collections from stations
dassified as limnctic and/or rnesohaline were faunistically
least similar to those from high-salinity sires, but overlap oc-
curred in classification of collections in the mesopolyhaline
and polyeahaline range. Because groups broadly overlapped
by stations and werc not clearly separated by cluster analysis
according to salinity regimes within the estuary, we compared
collect.iona from our fixed stations, rather than site groups as
determined from cluster analysis, with thc species groups listed
in Table 6. In this way. seasonal comparisons atnong stations
werc facilitated by direct cross-referencing against the species
assemblages at each station,

During aII seasons, collectioos from higher salinity stations
J003 and JOOI were characterized by stenohaline marine
species. These induded black sea bass, Cenrroprisris srriarsr,
searobins IPrionofsts spp.!; striped cusk-eel, Ophidiort
margirtrrfum; lady crab, Ovafipes ocellarus; seabob,
X|prftopenixsests kroJrerr'; swirnrning crabs  Porrunus spp !: and
Iwtiuii vtabrrv Pstftsrrras  ortgfrcrrrptsr and C!itwnurius vfrrtrfas.
In fall, ssenohsdfne asatine species  Group 8! displayed only
moderate to lo» constancy and fidelity for collections at
stations AR and JOOI  fig. 2!, while in winter, many of the
satme species taod odser marine transient species vrere atfII
Infratlooatly csseotsngensd but highly faithful to collectitwss
frosn station jOIN  Rg. 4. 9tenolrahne marine species, ssducb



TabLe 2.� Total oocahor ~ and total ualel ta o[ Tish
Charleston Sarbor estuarine ryateu, T.C- 5pacles
Doo ov r ths 5- r m lln erlod,

epact ~ s collected 1973-33 In tha Cooper Blvar-
are II ~ I 4 In order of abunclsnce, and dat ~ ars

8 ar usl I
ehetllaaae Tot

080.409

.'.aliifs ldnaaclntue
An krm mitchilli
!I'. »oooqonioe undulctua
R auou tia ay»annus
!.Sir atcmus mlntkurn a
tynphu»us pl cafuso
Poa»dael!c oh »yaou»o
ynocci on»scrolls
raphpcis rdic

~ »i neaten amr.r 'atua
talu»os cacus

Vo»oaoam oraaneess
Aloes arrtaaalis
lfa»Cici»»kus arm icmnua
!peanua tau
Panrlfchl!raa dentaaue
pep»i 2 us alrpadocua
Pv voz i c 6 tky s I s t 4 or t i Dan
Pap»alas I»roan»thus
Chio»oacrmhnce ah»yau»ur
Opfethanaam Odlinur.
B t r cpu s c»oa crc t us
ICCalhrua punatatua
P»Conatus c ilulua
Anahoa hopes us
ccaartcmue raltat»f"
Indullla»wtrmta
Cant»op»Aetio philadelphioa
Citlm»fchahee spilcptsrue
Chaatodiptsrua fabe»
Sacph the lame aqua cue
Tatalu»ua nebulosus
Aloes rapidiasiam
Ancylopaatta qccad»oasl late
y»ickfumca 3eptu»ue
Selamr acme»
P»Conatus auozona
A»ius f'alia
Vrcphycie fl,o»idcoro
.Pypaoblenniue hsrrtai
So»ona aor Cilia
Vpkfdion mtryinaCua
Totals»ur fu aatua
Selene rstapannia
Cynoscion nrbulomca
Iadodon vhoarbofdae
Ca»crea hippos
Cant»cps iatia st»fata
V»apkycc ~ ra»lli
13aryatict ctccbirar
PoDonfoe o»cafe
Buolncmtcamr ap.
Iapiecetrue oeseus
Aloes wdi ac»is
Oahieeoa etcmmreue
oacaaee»carcrus amoulama
Iutdanars B»irmca
Buainoetamua arBrnteus
P»a calo ter ~ a p,
P»Conatus mc»olimr ~
Plenfdfo amnidia
p»fcmotur aaiCulue
cicsaaaanthW hirPidue
A»Shad&I!fur p»oba Cccsphcclue
Cynoecfcm natkus
Ia»fame farce ates
Art»Ossa@Ca 5-Grampus
flu yil ccr»mlm
Cyp»inwr cac5vAc
Syruulw fort arm
Bpmueo»efa scrithi
loCpsnsr» atyrhynckur
Baprm aar»irma
Cpc ilmeyeterar ~ enC il Zaltrar
Sobronallus ehufaldei
Beep3mrmr aipitaf ue
Sphcarmidsa waarlotus
Pa»am flmaraaana
7»learn dplua2w lo aaiBacw
uuyil asphalur
Oabionel les bolsoemcm
Bypaableratiue i ant has
Totalumcr platemephalw
Bhfruptsvm bamraus
Do»oacaaa c aped is num
Aepcmrie ~r

ape raurw
lee»arum cram»ioama
uycte»operon mio»olapie
Sesecurm mda!Pips
BCATC eBZomteafm
Cavrdcavhfrace PIuarbamr
Iepmris au»itur
Jataltoar e naeaiar
Jatal uaw as Tace
BIroC»da pfoonda
dobionel bur heefreeue
~ Baaaah snakc
Soisrnepr earl lotw
Ifsrctfoi »rhw I i ttonalis
cuaaacwaehae BZO»idsW

22,932
9,203
7, R61
4.048
4,228
3.053
3. 006
z,!te
2, 150
I, 996
I, 931
1.060

51!
310
2 01
250
2 39
11'
104
I 32
120
126
124
IOB
103
91
74
70
69
56
54
53
50
43
41
40
32
31
29
29
23
22
22
21
21
19
le
15
12
12
12
ll
10

9 9 9
9 7 7 7
6 5 5 5

5 4 4 4 4 3 3 3 3
3 3
3 3
3 3

3 2 2 2 2 I I I I I I I

33. 33
13. 36
11.43
7. 05
6.15
4 4I
4.37
3. 75
3. 27
2. 90
2. 91
1.54
0.75
0.45
0 41
0.36
O. 35
C. 31
0.27
0. 19
0,19
O. Le
0. Ie
0.16
0,15
O. 13
0,11
BIO
0,09
0.08
O.OB
O.OC
D.O7
0.06
0.06
0. 06
0. D5
O. 05
13. 04
O. 04
0 ~ 03
O. 03
0.03
D. O'I
O. 0!
0. D3
0.03
O. D2
0,02
0. 02
0.02
0. N
0. 01
0. Ol
0 ~ DI
O.OL
D ~ 01
0 01
0,01
0. Dl
0 ~ Ol
0. 01
O,DI
D. Dl
0. 01
0 Dl
0. DI
O. 01
0. 01
O.O I
0.01
0.01
0,01
0,01
0.01
D,OI
0.01
0,01
0.01
D.OI
0.01
0. 01
0.01
0,01
0. 01
D.OI
D. Dl
0 01
0 01
0 01
D 01
0. 01
0 OL
I ~ 3
0 01
0.01
0,01
0.01
O,DI
0. 01
0 01

167.eez
15.957

IDR.374
92-699
!I ~ 200
61.633
43 049
33.005
30.091
I 'I. I Oe
40. 623
5,�I
I BI39
I 057

!9 114
9. 805
2.7NI

39.560
I ~ 7 30
0,49!
O. 763
0. 041
I ~ 763
o. lee
0. e I 0
2. 306
9. 959
2. 945
O. 345
O. 617
0.48r
2 ' 557
I. 149
O. 709
1.690
D. 377
0.116
2.708
O,gle
0.236
0.154
0,4S3
O. 530
0. 096
1.037
0.692
D. 321
0,437
0, 20!
I I. 731
5. SXI
O. 107
17.662
0.011
0.044
0.214
O. 107
O. 062
0. 022
O. 019
O.D25
0 030
0 ~ IXI 9
0.156
D,OST
0.027
0,030
0 1370

18, ee!
O. 18 7
I . 297

1!.e

0 ~ I04 I
O. 006
0. 006
0.026
0. L�
0. 024
0. 306
o. Gze
0. 006
0. 009
0. 335

D 035
O. 030
0. 126
D 010
0.073
0 177
0.671
I 046
0.000

Illa
0.05e
0 010
O. OD3
D.OOI
D 004
0 020
D-ODI

le.go
l. 80

12. 20
9. 31
6. 33
4. 69
9. 44
3. 72
3. 39
1. 70
4 ~ 57
0. 60
O. ZO
O. 57
4 ' 29
I. 10
O,!l
4 45
0.19
O.D6
0.09
0,09
0.20
0,03
0.09
0.26
1.12
O.�
0.04
0.07
O. 05
0. 19
0. L3
O. 08
0,19
O. 04
D. 02
D. 31
0. L I
0. 03
D.O2
0.05
D.OC
O.OI
0. IZ
13.00
0.04
0.05
0.02
1,

O. 5CI
D. 01
I ~ 99
0.13 L
O. 01
O. 02
0 Dl
D. 01
0.01
0. Dl
0. 01
0,01
0.01
0. 02
0.01
0 01
0.01
D.OI
2,13
0.02
0. 15
1,56
D. 01
O,DI
D. Ol
0.01
D 01
0. 01
D.OI
0 01
0 01
le 01
0. DC

0. 01
0.01
0. OI
O. Dl
0 01
0 02
0.00
O. 12
0 ~ 01
h III
0. Ol
0.01
0 01
D.OI
It Ol
D 01
0 OL



Table 3 � Total nuabera and total uelehte of decapod crustacean speclee collected 1973-77 in the
Cooper River-Charleston garbo< estuarine syatea, S.CD Spsciea ere listed in order of abundance,
od data are poled over the 5 r e lin eriod.

Marcher
T t

Pet ht
a<ice Total k

96,978 7L2 ~ 330

Sgteld i4eatifiCetioa or deeaaed epeCiaao e!

led tlla
973 77 ot sMkw Ia tbe CarNer Rtvse~oa Harbor eseaastae

~i ~-e 8 mhese ie tresesrbeeee ataadesx! error of the reseat n as+her
~ 8 asaexlee Pee sear

To de 5.� AverePr sasxbeee of agtvtdael ftsb aad ~ crustaceous tolkcled
1973-77 as stet eae la Sbe Codger Rtvar~ssastos Hartrsr eaaarlee srsteax,
S.C. Iaeebers la geseasbaese eteadesd error of the nxeaa: s smober of

hverelt antabere Of iadtvtduatsJaatina Grand
COOL C008 COOl 1003 1001 Mean

AveraSe numbers of species/stetxoa
COOt CIIZ C3303 63304 3003 J001

1973 10
�.89!

197 rr~ 124 9
�.23!
aa 12

11
�.53!
a � 12

12
� API

2977r 12
12

�38!
n~ 12

718867
�29,07I
a 11
541

�89,96!
a 12
554

 Zrtft.91!
a~ 12
715

{397~
as~ U
288

 90217!
n~�

1,195
�73. 38!
a~ 1!

533
 94.50!
s ~12

319
�23.93!
s~�
1,018

�98.6PI
s~ 12

171
�M7!

�
6873

456
�46.88!

a=B
619

�80. 18!
a~12
1~3

�55. 84!
s~ 12

688
�49.82!
s~ 12

299
�19&I!
a 12

639

21
�,70!

11
2

395
�18.97!
s~ tl
I SS

�5,92!
a~12

�7.58!
a~12
319

 USES!
e» 12

869.0l
a~�
X%4

13 12
�.56! �.35!

11 a 8
15 IS

�.06 �.14!
12 rr 12

12 IS 16
 I 41!  Z-IZ!  I 79!
d- t" s � 12

18 18 16
� A6! � A4! �.66!

12 n~l2 n» 12
12 13 19

  -79! 0 77!   W
n~ � a~ 12 a~ 12

1973

1974

10

1,467 771
�46. 78!
si 12

922 732
�25.8$!
ai12

5H 2NI
�St.41!
s 12

966

197512

IS

Pdruxaue eetiearvrd
Pares dud Oa ta Ou d
ri phoperrxeu e kroge ri
Col linoctee dtxpfdue
Caf Linaotee eiarttis
Trvtehtrperasexre Opnatmdtua
POLSerrrnatda Xxutysmd
psetunue apindarxnud
73xgurer e Longiocr7rus
Peoturrue gibbadii
r7xxxfipee etaprxenaoni
Paruxaus drro rvxreor
Panopeud her lurtii
ghithpsponsparrd Iuxrrfeii
ftxftxsaexnatae pugxo
Cffburusr iud Oft tatud
DxxxLipee osel Lrxtus
rdxopobrexohiror ohi one
ftxgurexs po LLiooms
Pa Xaarpndte e a p, *
geoparrope eoyi
Censor irrorrxtue
8 2p has. ~ no ruxxnni
hhrnippe rareoenerfo
Libirxia aaaxryinata
Libinirx dubi<r
Irasrsprtnspau S Onguatifeuna
dlphaue heteroohuefie
73xLararexna tea i nt erreedi xra
Sioyonia Lrxaoigsta
Prxnopeud oeoixfantxx  ie
porturxue ap.*
Su~us depradeus
Col Linaoees ovvureae
gafx ippo Ltiarrext<x op 1 opho roddo a
Ltrdrrrttrx xrunrferlxnni
sioyonlrx bnerri nodtrie
Hafrrxtue aphe Li ti cue
Worotrsnope op.
Libfnirx ep. *
Xanth idee*
Perroaua ap. *
Pr ooorrrborue o Lorexd
CaLLineotae ep.e

80, 121
8,053
2 ' 657
1, 914
I ~ 438

721
388
243
215
193
191
177
133
82
82
77
69
47
25
24
20
19
11
10
10
7
7

5 5
5 5

4 2 3 1 I 1 I 1
I I 1

82.62
8. 30
2-74
1-97
l. 48
0- 74
0.40
0. Z5
0- 22
0-20
0.20
0. 18
0. 14
0-08
0.08
0 F 08
0 ~ 07
0 05
0 ~ 03
0- D2
0.02
0 DZ
0.01
0-01
0. 01
0 ~ 01
0. 01
0 ~ 01
0.01
0-01
0.01
0 01

<0-01
<0 01
<0 01
<0-01
<0-01
<0 01
<0.01
<0-01
<0. 01
<Oi 01
<0 01
<0.01

492 ' 927
56.757
4i 928

137- 936
11 ' 029
0.912
0 ' 199
2 ' 308
0-182
0.420
0.646
1-256
0.358
0 ' 045
0.047
0.054
0-426
0-165
0.086
0-014
0.019
D.248
0 ' 003
1.066
D.077
D.019
0 F 020
D. 009
D ~ D03
0. 005
0.005

DE 004
0- 082
0. 004
0. 002
0. 004
0. 060
D.001
0. 001

O. 001
0. 0D6
0. 001

69. 20
7- 97
0.69

19 ~ 36
1 ~ 55
0 ~ 13
0.03
0. 32
D. 03
0. 06
0. 09
0. 18
0. 05
0. 01
0. 01
0. 01
0 ~ 06
0.02
0. 01

<0 01
<0.01
0.03

<D ~ 01
0.15
0.01

<0. 01
<0 ~ 01
<0. 01
cD,01
<0.01
<0.01

<0 ~ 01
0. 01

<0. 01
<0. 01
<0. 01
0. 01

<0. 01
<0. 01

<0. 01
<0 01
<0. 0 1



f Lehee nod dan*pod orner.sceeen rOtleered l.m Zbe COOperTnhie 6 ~ i-Bpectne troupe farmed lion eeenonel clunter analyses of
RtvarWbnrlnnt m Harbor reteerton n er en S.C, !9v3-77

FALL H I '4l ER BPREHG BvtocER

Group ACc oup A1 otlp A Croup h

Si yonia tacroigxta
Libinfa dabia
Idugit nurena
yaopannee eay i
A tcrteua norntznnt
Libinix enezr gimxta
prionotua ec'itviue
1 ~onotua euotarm

Crct1:ncotce axpidua
Symphvruo plo iuea
Cyrtaecx vt regret.a
Sair riicr1 ln .hryenurvz
Anrgtna mitrhil IL
Stet li er tan eo 'lxtue
Penxeue ear if e ru a

Croup B
Group B

Croup B

Pagurua tongfcarpua
POrtunue gxbbeatc
Pnrtunue apinialxnue
Ophudion rargina num
Pxgurun pnt liearie
Ooati pea ocel tatue

Croup B

"oeanua tau
Purati axrthya cfantatue
ernxe lee oa ta ca a

Cynoeni on regal.is
Pavatiehthye tethoatignm
yairdiatta ohrysoura
Palaamcnurtae vulgate

Group C

Amus felis
Cantropristie phctadatphica
Cithariohthys apitoptsrue
Clibanariue pittacus
Stropue er oeeotue

Croup CGroup C
Anny lopaatta cpcadroeet tata
Ctibauariua ui ttatua
Pmpurua tongioarpua
Prionotun tribulua
Penasu a dree rerum
Prfonotue oarotinue

Croup D
Group C

Group D

Dzayatia eabimx
Cantropri atia striate
Aries felie
citharichthye eptiopterueCroup D

Gobi eeoc atrunrraus
."ynose ion nebulosus
Selene uormr
Pamxtomua eattnrr is

Group 8Croup R

Paprilue alspidotus
Chtnroecombmm eh~eurus
Opzsthonena Oglxnzcm
Anchoa h epee tue
Selene setapimnia

Amah ca hapsetua
Otnxtipee neat tattle
priohiurua 1,epturue

Croup D
Croup E

Pataenronatsa oui parts
Sru;LnnetOmue o.rgantaue
Pale carr natea pugf o
Caranr hippos
Atcma asatitrztia
Dcn oeona petenenea
tut jarucs griaeus

Group p

Group p

Dcrnaenrc petaruenae
Alaaa acretlellia
AIOFCnur aXaattlte
pepritua trtaoanthua
Soanb ercmnzrme nzrcu letup
lgr Lehmrpancpeua harrxat t
rfac rcbrnzchizon Oli innte
Iotaturcce cetus

Croup C

Zctaturuc punotatue
Idrorobrach turn ohi ons
IotcGzcrue oatua

Group 8 Ophidi on ml rgimatum
Pagurus pol ilcczria
fhxzNpse stephanacni
Pcrttoaze epinimxrara
~ gBbaaii

rrhus ~ricuozua

Py prob 1 annie a h ant xi
Cphfdi rn m mzinaturr,
Prionotus tt ib. lua
Pemzeua dunmzrum
Ouxlipea oce!latua
Portunue apininamre
Paguvua trmgf carpus
Ctibanariue pi orat e
Cal. linanran alai tte
Itsntfcirrhue aneriaaran
. trznhypenaeua cnnatrietue
Partuloce O:bbeeii
Ifiphopenaaua kr oyari

Anchna hspsetun
Chlorosis ombrnce ol rynarae
Selene aetapinnis
Psprilue ntepidotua
Opiethonarrz oglimon
Daeyatia sabine
4riua folie
Shithr oponopaua ho.r riaii
Chaetodipxarue faber
Pa no su e as t acu e

Paratiehthya tethoetignrx
Anguitta roetrccta
Pot at urus,Furor tu e
8lceinOatanae ep
tsioetomue nnnthurue
Erinaotea naau ictus
Iotat urn a aatua
Btropue cr oseotua
Centropr istic phikuiatphtoa
ParaNohthys dentatue
Opaznua teu
Nerridda omni dia
Zfioropogo nice uredu tata a
Braooortia tyrtmlnus

Contr opt'Letie striate
n ra phy ci s r" ori della
Cant.r opr istic pht.lacis 1 phi oa
Gal lirantse aimlt t'.a
Xiphooenacua hroyeri
Por tenue pibb cadi
Por-ueue spntinanua
~ rachy peraaua const rictus
gobieeor strumoeue
Omtipee ocetlatue
Pyarri ppe ms roenorfa
Popur aa pot licarie
Pogurua I.ongi carpus
feentietrrhue armrioanua
Cancer irroratun
Paratinhthye krntatue

4 no Izox mitch i T. Ei
Br aooortia tyranmce
Pfinropogonixa undutxtus
eairdi et ta ehryecura
Cor oeomx patarurnas
penance eetif erne
Stallifar tanceotatue
Gsioetonnca znnthurue
Symphurua ptagtuaa
Cal ttnaotas sopidlca
paratich phys tethostignn
grcphynze regia

gtropue cr mesotue
Cyncenion regati e
Ãy psobtsrcnius hentai
Seophthal mum aguoeua
Palasrmrnstee pepin
Aago don ehomb olde e
Prionotua tributua
diana aaatiaal La
Pfenidfa manicdict
Ctibarucrizca oittatua
4 loan sapicfiaafaez
Ancylopaatta qtnzdrocettata

Penaeue antaeus
Pafaenmataa Lntcrmrmdiue
Shith rtpanopcru a harri aii
Pogoniczs erorrrie
Arcgtoaamgue probatoosphalus
~ hsr bstii
Cynoecion nebulosus
Pa zeleznatee tlat gcxrfe
Opcranue tau

Ictaturucs pzazctatrca
2'osczturua nahctoeua
Anyuit ta rostrate
Ahxcrlrtrrrzch inmr Oh iOrne
Bema jtawecans
Atorxrne saaxtilia
Eepieostaua oeeaua
4 tyrhsua hatsmocdeze tie
8crtalurnra oatue
princesse rnxczu text us
Acipenser ocnBirprypeapmcs
latalrcruuz p tczzreoptzza Bus

Stel lij'er taneaotatue
Penaaua asti f erua
Or ophyela regia
Trnnhypenaeua eonatrintua
Callxnentee aimi tia
Breuccrtta tyrnxnrace
Peprxtue trfaeanthue
gltrOpOgnniae undulatua
Isfoatomus xanthurue
Annhna mttnhftti
Cattirurctae aapidus
Syrpirurnca ptagtuac
Pr.necteo mxcu92atue

Doroaoerx pa tsnerzae
Pri onotus a ootccna
Ithtthr Opancpeua harrxetz
fzz~a pugio
Ponrztomue aat t atria
A 1 oat asetioatfe
Depieoetsue os casa
4 loaa sapidiaaiarz
fr~hycia floridana
Anguil.ta r Oetlnrta
Pccnopeus a~tie
Snophthatneca aquoaua

ep.

'aLOatnmue xanthurtce
Iexcrcpngnntaa Lcdutatue
Cynoecion r egatie
Pemxeue as tenue
Anohoa af tohil. li
Panacea eat.iferue
Cal'itnantue aimilia
Fraohypenaeua nnnstrictua
Statlifer tanoaotatua

Palasmnletea pugt'.o
Pa taeeonatas uu t garde
Parati ch thy e lethcmtifpex
Paratiohthye dsntatus
Opeamcn tare
C'el linectee aapictua
Syephumce ptogiuaa
prinacr.ae nnmctatua
Bairdiet to ahryeoura
Breuoortia ty ronnue

Selene tremor
priehiurus tepturrce
Poezztcaae aattatria
Panopaus herbatii
pri nrueua tribrut us
Pamx aux duora rum
yza mt ici crocus anmrioarrue
Ctuzstodtptsrua faber
gaopanops aayi



Figaro g.� Two-way coincidence tables of coastaucy and fldefhy which compare species ~ns among sampling stations iu the Cooper Kver-Cbarkston Harbor for fall,
winter, spring, and summer colkctioos, f973-77. See Tabk 6 for specks group gets.





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 fo urspot flounder, A ncylopset ta quadrocellata;
searobins  Prionotus spp.!', black sea bass, Centropristis
striata; lady crabs, Ovalipes ocellatus and O. stephensoni;
Atlantic cutlassfish, Trichiurus lepturus; and striped cusk-eel,
Ophidivn marginvtum. Many of thc same species coinposed
groups B and C frotn our cluster analysis of summer data
and were restricted but infrequently encountered at collections
from stations J003 and J001  Fig. 2!,

The only species restricted to samples froin the !owcst salin-
ity stations  C001, C002! fortned group G in spring  Fig, 2!.
However, the resident estuarine species, fctalurus punctatus,
I. catus, and Macrobrachium ohione, which coinposed 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 nutnerically dominant fishes and decapod
crustaceans, A!though their penetration extended as far up-
river as stations C002-C001, species in these assemblages were
generally most constant in collections from stations J003,
J001, and C004. In the fall, members of groups A and F were
enCOuntered at all StatiOnS; but Only ItiemberS Of grOup A were
consistently collected, as denoted by their very high constancy,
at collections frotn stations J003, JOOI, C004, and C003  Fig,
2!. ln 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
J003, J001, and C004, but they were not restricted to these
stations  Fig, 2!, Members of group A in spring were generally
found at all sites but were roost consistently encountered at
stations J003, JOO!, and C004  Fig, 2!. Our analysis of summer
data showed that euryhaline species of Group A were con-

sistently present in collections froin stations JO03, J001,
C004, and C003.

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

Temporal and Spatial Distributions

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

Stellifer lanceolatus, Star drum.� Star drutn were most
abundant at higher salinity stations CO04, J001, and J003,
whereas catches were negligible at stations farther upriver
 C001, C002!  Fig. 3A!. This species displayed seasonality in
its abundance, with most individuals collected October
through May. Catches of S. lanceolatus also underwent con-
siderable annual variation and were greatest during the years
1974-76  Fig. 4A!. Length-frequency polygons for star drutn
over the 5-yr sampling period suggested a consistent influx of
small fish   80 mm TL! into the population during summer
with recruitment continuing into fail. Frequencies of these
small fish were lower during winter and spring. Our results are
consistent with those of We!sh and Breder �923!, Dahlberg
and Oduin �970!, and Shealy et al. �974!, who also noted
that recruitment of young fish first occurred during summer
after late-spring and early-sutnmer soawnitie
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Brevoortla tyrannus, Atlantic menhaden,� Atlantic
menhaden were collected at every station except for C001, 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 inoderately about the grand mean and were
greatest in 1977  Fig. 4D!.

Anchoa mifchilli, Bay anchovy.� Anchoa ml chilli were
collected at all stations in the Cooper River-Charleston Harbor
system, except for the most limnetic station  C001!  Fig. 3B!.
Bay anChOvy were rnOSl abundant at StatiOn J001. MOnthly
fluctuations in abundance indicated that little, if any, sea-
sonality was associated with catches of bay anchovy, bui
catches did undergo annual fluctuations, being highest during
1974-76  Fig, 4B!,

Symphurus plaglusa, Blackcheek tonguefish,� 8ymphurus
plagiusa were most abundant in higher salinity areas of the
Cooper River-Charleston Harbor system, although the species
did penetrate into limnetic-inesohaline areas of the estuaries at
station C003  Fig. 3F!. Over the 5-yr sampling period, abun-
dance of S. plagiusa was greatest in October and November;
however, annual catches showed a consistent increase from 1973
to 1976 with a slight decrease in 1977  Fig. 4F!.

Bairdiella ChlySOura, SilVer perCh. Silver perCh were COI-
lected at all stations except C001; and their abundance in-
creased a  s ations downriver, especially at C004 and J001
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hA'cropogonias undula us, Atlantic croaker.� Atlantic
croaker were collected a  all stations in the Cooper River-
Charleston Harbor system, but abundances were greatest
from April through July at higher salinity stations, particularly
those located near the mouth  J001, J003!  Fig. 3C!. Annual
variation in ca ches of croaker was small, with little fluctua-
tion about thc grand mean  Fig. 4C!. Length-frequency dis-
tributions indicated that inost estuarine croaker available to
our trawls were �20 rnm TL  hroughout the year. Al-
though these smaller fish predominated in spring and summer
catches, they were also present during other seasons, but in
fewer nuinbers. Newly recruited fish  �0 mm TL! generally
appeared first in fall and continued to appear in  he popula-
tion during winter and spring, The continued presence of small
croaker during spring in South Carolina may reflect the slow
growth of fish spawned in late winter or carly spring  Chac
and Musick 1977!. By summer, few croaker �5 mrn v ere
collected from the Cooper River-Charleston Harbor systein,
and modal groups were in the 75-90 mrn range. Although
1-yr-old fish �08-285 inm, froin Chao and Musick 1977!
were infrequently caught, probably due to gear avoidance
 Wenner ei al. 1982!, their numbers were fewer in suinmer,
lvligraiion 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!.

Leiostomus xanthurus, Spot.� Spot exhibited a distribu-
tional pattern similar to that of Atlantic croaker, being most
abundant at stations J001 and J003 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
win er. Length-frequency distributions indicated that spring
and summer catches of spot were doininated by fishes in the
60-80 inm size range. Our data support results of other studies
in South Carolina  Dawson 1958; Shealy et al. 1974!, North
Carolina  Hildebrand and Cable ]930!, and the lower Chesa-
peake Bay  Hildebrand and Schroeder 1928; Chao and Musick
1977!, which found thai young-of-the-year spot first entered
the estuary in April.
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 Fig. 3G!. Although silver perch were present in the Cooper
River-Charleston Harbor sysiein 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 pattern observed in Chesapeake Bay. Chao
and Musick �977! noted that tnosi 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 ~outh of Chesa-
peake Bay may be due to the higher salinity or temperature of
those waters.

Cynoscion regaiis, Weakfish.� Weakfish were collected ai
all stations except COOl and werc inost abundant during sum-
rner  Fig. 3H!. Annual catches were fairly constant with little
variation about the grand mean  Fig. 4H!. The average leng! h
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 seasons.
This reduction in size is probably caused by increasing
numbers of young-of-the-year weakfish, newly recruited from
the May-August spawning period � unz and Schwartz 1970!,

Urophycis regia, Spotted hake.� Spotted hake displayed the
inost seasonality in its distribution and abundance, being
collected from February to May only  Fig. 31!. 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 tnost seaward stations, with maximum
abundance occurring at the mouth of the estuary. Litlle
variation in annual catches of spotted hake was presem in our
samples  Fig. 41!,

Trinecfes maculafus, Hogchoker.� Trinecres mat tt urus
were collected sornetitne 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, 3J!. Annual catches of hogchoker increased over the 5-yr
sampling period and were greatest in 1976 and 1977  Fig. 4J!.

Penaeus sefiferus, White shrimp.� Catches of white shrimp
were seasonal with most individuals occurring late summer
through fall. White shrimp were also most numerous at lhe
downriver stations  Fig, 5A!. Length-frequency distributions
indicated that young-of-the-year white shrimp were present in
the Cooper River-Charleston Harbor systetn during summer
and fall. Most shrimp collected during these seasons v;ere < 80
lnln TL, except in 1977 when a few shritnp 	20 mrn 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
shriinp generally increased during spring to 	00 mrn 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!,

rttture 5.� Abundance, expressed ss the antitott of the tsansforsn-
nt [tna� tc + I!! mean number uf individuah at each station eaCh
nonth, of four major specan nf decapod crustaceans coUected in
he channei of the Cooper River-Charleston Harbor estuarine
tsstesa, lsr73-77. Legend indicates four arbttrarr levels of abua.
hence, frosa rare or abseat �-lj to nsaxlsnutn abundaace
;f01-t~h
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Penttefss tfztecfts, Brown shrimp.� Brown shrimp were
highly seasonal in their occurrence within the Cooper River-
Charleston Harbor estuarine system. They were collected May
to September and were most abundant during June and July at
higher salinity stations  Fig, 5B!. Annual catch rates were
variable and highest in l974 and 1976  Fig. 6B!. Juveni!e
brown shrimp entered the estuary in spring, remained through
the summer, and were almost totally absent from fall and
winter collections. This seasonal abundance pattern has also
been noted in other South Carolina estuaries  Bishop and
Shady 1977!, although the absence of brown shrimp from

these estuaries during winter if probably due 1O gear bias fur
larger-sized shrimp  brenner el al. 1982!.

Xiphopensfeszv kroverl, Seabob,� Scabob were limited to
higher salinity areas of the estuary during fall and winter
 Fig. 5C!. Annual catches were low, and no seabob were col-
lected in 1973 and 1977  Fig, 6C!. Ahhough X. kroyeri occurs
in lhe lOv cr portion of estuaries, it is most CommOnly encnun-
lered in lhe near Offshare Cs3astal ZOne iGunter 1950!.

Caifisfec es sopsf/us, Blue crab.� Blue crab were collected
lhruughoul lhe Cooper Riser-Charleston Harbnr system. but
occurred year-round only al stations C004 and J00l  F' .lg.
5D!, crab were also lcasl abundant at stations upriver. Annual
catches increased over the 5-yr sampling period except for a
s!ighl decline in 1977  Fig. 6D!. Size-frequency distributions of
blue crab covered a wide ra~ge of sizes from 101o 100 rnm
carapaCe width v ilh ~mall crab  �0 mm CW! present dunng
all seaSOns. Average sizes Ol bluC Crab werC generally larger in
spring and summer,

Biomass and density for fishes were greatest al higher salin-
ity stations J001 and CI� during winter and spring  Table 7!.
Increased values during these lime periods were coinciflent
with the increased dnfninancc of catches by Stefljfer Jsf/fcieola-
fus, BrevOorffa tyrannus, and Aficrnpotfnnftts ftffdufatus,
Decapod biomass and densify were grealcsl at station J00l in
Charleston Karbor and during fall and summer for all stations
combined. These seasonal peaks coincided with periods when
young-of-the-year shrimp became vulnerable  o our trawl
gear .

Our mean tolal biomass and density egtimates fer 8!l SeasOnS
and stations sampled in the Cooper River-Charleston Harbor
system over the 5-yr study period werc:

These estimates are comparable to those obtained by Wenner
et al. �982! for estuarine parties of the Santee River system
of SOuth Carolina and by Sbealy et al. �974! for estuarine
portions of the Cooper River-Charleston Harbor and Ethsto
River systems.



DISCUSSIOX

o Riv er- Ch ar lest on Har b or estuarine system is
The C ov-.~ ~d as mixohaline with gradual changes in faunal

eharacte ~
assemblages.

-IageS. The most striking differences in sp ies COmposi-
�~~ between those stations located at or near the

tion occurr
mout

of the es'tuary and those located far upriver, The fish
d decapod crustacean species asselnblages associated with

these two
h two aeas were primarily conposed of stenohaline
m~ne species and low-salinity resident estuarine species,
respectively. nevertheless, euryhaline species, which extended
from the moilth of the estuary into brackish waters, were
the dominant faunal component throughout the estuary as a
whole. Except for a few freshwater species, resident estuarine
species  e,g-, Trirrrrres rrracuiarirs, Art choa mirchilfi,
paiaerrrpireres psrgio, Jcraiuras carus! were found throughout
the system, their distributions often overlapping v ith those of
species derived from the marine environment. This distribu-
tional pattern is similar to that described by %einstein. et al.
 I9go! 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 distributional patterns of
resident and transient fishes and decapod crustaceans can
be related to salinity regimes within the estuary and to the
physiological zolerances of component estuarme species to
these regimes. In comparison v'ith estuaries of the Middle
Atlantic states, such as Chesapeake Bay, South Carolina
estuaries are narrov er, 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, detersnine 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 distributional patterns of many estuarine spe-
cies. Ultimately, however, it is the physiological tolerances of
component estuarine species which really determine their
distribution, The spatitd hmits of freshwater species are maht-
talned through physiological constraints, while other resident

species are able to tolerate a wider range of salinity
and apparently are not liuuted by competition and predation
to the lower reaches of the estuary  Weinstein et al. 1980!.
Fhysi«oglcal tolerances are also important in determining the
upestuary hrnits of spa:les which are numerically dominant in
the Cooper River<harleston Harbor system, For the most
p these species were unable to penetrate into areas where
the SSOhSSVlneS were Sp.$o/~ and were generally tnOSC agua-

t stations in the mesopolyhaline zone.
he overhspping spatial distributions of many resident

~tM". stennhaline marine, and numeriCally dOminant
~ne species in the Cooper Rive-Charleston Harbor

m stre reflected in the greater species richnetss and abuo-
viduahs at stations hr the mesopolyhahue zone.

blages at these stations were comparativeiy diverse,
~~g of sosne resident cstuarme and eury~ species

1' atenohaline marine species. Seaacutal peaks iu ee-
tslty are htrgely attributable to those ateuohta5ne

ta which occur sportsdicaNy iu low detlitiea
ghotst the lower retsches of the Cooper Rivet-Charletttoa

ayttteaeL Biohsgical hsterasaiona such as ytedatiott nod
oct for tsptsoe artsd food cars aho cotttrihssae to sgseciea

diversity and richness. Weinstein et al. �980! noted thai in-
creased predation pressure probably enhanced species diversity
in downstream marsh areas of the Cape Fear River, Iv.C., by
preventing dominant competitors from monopolizing the
major food and space resource. An alternative explanai.ion is
that enough food may be present in the lower reaches of the
river to support a high diversity of species. I:uryhalinc species
such as the si;iaenids were numericall> dominant in the Cooper
River-Charleston Harbor system and were most abundant at
downriver stations. Juvenile sciaenids feed opportunistically
on a variety ol' infaunal and derncrsal species  Chao and
Musick 1977!. Their successful coexistence in higher salinity
areas v ith steuohaline marine and other estuarine species may
be attributed to utilization of food resources from different
levels of the water column and to the abundant food resources
OI the estuarine system. In this case. food would not be a
limiting resource and intrafamilial or int erspecific competition
would not be as important a factor  Chao and Musick 1977!.

Temporal distributional patterns werc another important
aspect of the fish and decapod community ol' 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 decapnds coincided with
annual minimum teinperatures, especially those experienoed
during the extremely harsh winter ol' 1977, These seasonal
trends in abundance were especially evident for the sciacnid
fishes and penaeid shrimps. For those species which may over-
winter in the estuary, such as Micropogonias undsrlarus and
Penaesrs spp�extremely low winter temperatures can destrov
an entire year-class  Iv assmann 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 tithe. Simi}ar explanations were
suggested by Weinstein �979! for decreased abundance of
Penaeusspp. 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 indicated by cluster
analysis, the species composition of the estuarine system as a
whole was not altered appreciably. Temporal fluctuations in
abundance appetu to be a means through which more species
are able to utdize the estuary sunultaneously by a reduction in
densities and competition for food and space.

The importance of abiotic factors in determining the distri-
butional pattmm of' estuarine biota has elicited concern about
the effects of reshversion on the integrity of species assesn-
blages and, more importantly, on interspeeific balance  Shealy
and Bishop 1979!. A restriction of freshwater inflow will prob-
ably cause sahtutim to be higher and. consequently, modify
the existing ~' gradient. Additional consequences of a de-
crease in flow' rate might htclude a dccrnm in nutrient and
detritus infltnt, lowering of the water table, reduction in water
turbidity, alterant!n of catutume circulation, and reduction in
the ability of otgtudarna to withstand streawu of normal
~ Iserioda  HeaN 1970; Keiser and Aldrich 1976!. These
altetutitaoa, abouid they occur in the Cooper River~rleatiass
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Harbor estuary, will undoubtedly affect the suitability of the
estuary as a nurseryground.

A reduction of freshwater inflow will eventually increase the
hofneohalinity of this estuarine system. A displacement of the
currem mesopoiyhaiine zone further upstream wiB affect the
distribution and abundance of larval and juvenile fishes and
shrimps, Upestuary marshes are critical areas for early devel-
optnenlal 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 important in maintaining upestuary
tnarsh 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 cou!d
affect the entire estuarine loodweb, Estuarine salt rngrshes are
highly productive, being dominated by cordgrass  Spdrfiytd!
which ultimately provides a source of food to organislns in the
estuarine system  Masslnann I97l!. Thus, the nursery functions
of estuaries are closely related lo the viability of plant commu-
nities. Alteration of areas which supply much plant detritus
may lower the numbers of detritus-algae consulners which, in
turn, will eventually limit subsequent trophic levels. This may
be particularly troubling froln gn economic point of view be-
Cause the abundanCe Of commerCiafly valuable penaeid shriinp
is directly related to the absolute area and type of estuarine-
intertidal vegetation  Turner 1977!.

The habitat of stenohaline lnarine 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 crustaceous are now higher in more saline reaches of
the river, species diversity of areas in the Cooper River-
Charleston Harbor which are current!y lower in sahnity 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 litnit of their physiological tolerance of tempera-
ture or salinity, so further alteration of the environment may
exclude some species permanent!y  Oduin l970!.

In addition to changes in diversity, the species assemblage
as we have defined them by station location will probably be
altered following rediversion. Whether this alteration wiII en-
tail a mere shifting of assembhtges upriver or the introduction
of completely different groupings of species wiB depend on the
effects of rediversion on compeition and predation. Food re-
sources can be limiting in estuaries  Lasli.er 1975; Hotsde !978;
Laurence l977!. If habitat is lessened and the opportunity for
spaM segregation becomes minimal, then seasonality and
other forms of temporal segregation may be the only means of
reduCing cOIBpeUtiOn among speCieS with sinsilar fOOd require-
ments  Wcinstein I979!. Seasonality, which includes differ-
ences in spawning periods as we!I as density-Independent fac-
tors SuCh Bg telapeIBture, dissolved oxygen, and nutrient
inptttg, ntay nsitigate any ~ in COmpetitiOB Or prndatiOB
 Knrilht I976! pretipitgtted by man-made perttsrbathyng. IB
turn. the Sthene cFBCtg of Iefivergista on the estuarine bipta
IBBy be nithgr drags@ «or irreversible, although this remains
IO hg Battgh
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