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Abstract

White shrimp (Penaeus setiferus), brown shrimp

(P. aztecus), and pink shrimp (P. duorarum) com-

prised 94, 6, and < 0.1% respectively, of the total
number of shrimps captured by 6-m otter trawls from
February 1973 through January 1975. Twenty minute
trawl tows in Charleston Harbor and environs pro-
duced a mean of 376 shrimp; trawling north and
south of this region produced a mean of only 152
and 94 shrimp per 20-min tow, respectively. White,
brown, and pink shrimp were caught 1in waters with
bottom salinities and water temperatures ranging
from < 1.0-34.2 osoo and 8.6-30.S0C, < 1.0-34.0
oso0 and 9.4-31.4°C, and 5.6-34.1 o/0o and
11.0-29.7°C, respectively. No obvious relation-
ships involving length of shoreline, area of open
water, area of marsh, or freshwater input were
found to explain the observed differences of
shrimp populations among estuaries sampled monthly.

caught in all estuaries sam-
pled throughout the year. Young-of-the-year

P. setiferus were initially caught in the trawl in
July with mean lengths approximating 60 rom, and
estimated growth was 1 nunper day. Emigration from
the estuaries in the fall was judged to be initi-
ated in September. Maximum numbers of 1,400 white
shrimp per tow were obtained in September 1973 in
the Cooper River-Charleston Harbor estuary, and

White shrimp were

nun depending  upon
white shrimp were
but twice as large in
River-Charleston

mean total lengths were 90-105
the estuary. On the average,
found to be half as numerous
the North Edisto as in the Cooper

Harbor estuary. Mean total lengths approached 130
romprior to the spring emigration in May. White
shrimp were distributed throughout the North

and as far inland as 33 km in the Cooper
and 35 km in the South Edisto. Ne an length
caught in salinities < 3 o/po was

Edisto,
River
of white shrimp

77 romand gradually increased to 140 mm for those
caught in salinities> 33 ovoo0.

Brown shrimp were caught in all estuaries sam-
pled and almost exclusively during June, July, and
August. Growth rates of ,f. aztecus were conserva-
tively judged at < 1 mm per day. In June, brown
shrimp averaged from 90 to 100 mm total Ilength in

1973 and from 78 to 90 mm 1in 1974. Nax i.mum numbers
of 300 brown shrimp per 20-min tow were obtained in

July in the Cooper River-Charleston Harbor estuary.
Brown shrimp were distributed throughout the North
Edisto, and as far inland as 23 km in the Cooper
River and 24 km in the South Edisto. Hean length
of brown shrimp caught in salinities < 3 ospo was
68 mm and gradually increased to 132 mm for those
caught in salinities> 33 o/00-

Pink shrimp were caught in too few numbers to
estimate any portion of their estuarine life his-
tory. The highest catch of 11 individuals per
20-minute tow was obtained in Bull Bay which is a
high-salinity estuary.

Introduction

1965 shrimp have been South Carolina®s
most valuable fishery (Fishery Statistics of the
United States, 1963-1972). From 1965 through
1972, shrimp have accounted for an average of 36%
(6.6 million pounds, heads on) of the weight and
68% (6.2 million dollars) of the value of the
state"s total annual fishery landings, respective-
ly. Despite the economic importance of shrimp to
the state, few published data exist on their life
histories in South Carolina waters. Lindner and
Anderson  (956) studied the monthly size distri-
bution and migration patterns of white shrimp off
South Carolina®s coast, and Bearden and McKenzie
(1972) monitored movements of shrimp tagged in
Charleston Harbor. Bearden (1961) reported on
penaeid post-larvae in the state"s estuaries south
of Wadmalaw Island, and Lunz (1958, 1968) studied
growth of penaeids in impoundments. Shealy and
Miglarese  (in preparation) are analyzing the unus-
ually high incidence of microsporidosis in shrimp
taken from South Carolina®s estuaries. A review
of the state"s shrimp fishery and a regional man-
agement plan are provided by Calder, Eldridge, and
Joseph  (1974) and Eldridge and Goldstein (1975),
respectively.

In February
Research Institute
and Marine Resources
program to survey the biotic
teristics of the state"s estuaries over a several-
year period. This report presents data on the
relative abundance, seasonal distribution and
length-frequency relationships for the three spe-
cies of commercial shrimps, Penaeus setiferus
(white shrimp), P. aztecus (brown shrimp), and P.

Since

Resources
Wildlife

1973, the Marine
of the South Carolina

Department initiated a major
and abiotic charac-



duorarum = (pink shrimp), caught by bottom trawl in
South Carolina estuaries during the 24-month
period from February 1973 through January 1975.

Materials and Methods
Sampling Desian
Thirty-three  sampling sites were selected in

the South Carolina coastal zone (Fig. 1) and divid-
ed into two categories, Extensive Phase stations or

Intensive Phase stations. The Extensive Phase con-
sisted of sampling 16 stations four times yearly
(i.e., during each of the four seasons). These

stations were selected to be representative of most
of the state"s major estuaries and were sampled in
April, July, October of 1973; January, April,
August, October of 1974; and January of 1975.
Locations, mean depths, tidal ranges, bottom
salinity and water temperature ranges, &nd bottom
types for these stations are given in Table 1.

The data from the Extensive Phase stations
were analyzed according to the station"s rela-
tive location in the state"s coastal region,

i.e., northern, central, or southern. The north-
ern region consists of stations in the South San-
tee River (SO00I), Winyah and Bull Bays (YOOI,
B0O02, B003); the central region, of stations in
Inlet Creek (BOOI), Nowell Creek (WoOl),
Charleston Harbor near Fort Johnson (JOOI, J002) ,
Ashley River (KoOl), and the Stono River (FOOl);
and the southern region, of stations in St.
Helena Sound (HOOI-HOD3), Port Royal Sound (PDOI-
P002) , and Calibogue Sound (GOOI).

The Intensive Phase consisted of monthly sam-
pling of 17 stations; four in the South Edisto
estuary (DOOI-D004), eight in the North Edisto
estuary (E001-E008), and four in the Cooper River-
Charleston Harbor estuary (C002-C004, JO003). Sam-
pling by trawl was conducted at one additional
station (The Tee, COOl) during the first year in
the Cooper River. This station was the most inland
(52 river km) on the Cooper River transect. Loca-
tions, mean depths, tidal ranges, bottom salinity
and water ‘temperature ranges, and bottom types for
these stations are given in Table 2.

The stations of the Intensive Phase were cho-
sen to encompass the salinity gradient in each
estuary, and each station within an estuary was
designated with a letter characteristic of the
name or location within the estuary. The stations
within an estuary were numbered consecutively  such
that the lowest number represents the most inland
station and the highest number the most seaward.

Trawl Technigues

With the exception of December 1974, all sam-
pling was carried out aboard the Department"s R/V
ANITA, a 16-m (52-ft) shallow draft vessel rigged
as a stern trawler. The R/V CAROLINA PRIDE, a
16-m trawler, was used in December 1974. Twenty-
minute tows were made against flood tide during
daylight at an engine speed of 750 rpm. This r~I
sulted in a speed of about 2.5 knots (1.3 m sec ),
and dependin on the wind velocity and tidal cur-
rents, 1.5 T 0.4 km were covered during a tow.
During 25-hr stations of May, July, and November
1974. trawling was conducted day and night midway

after each tidal change.

A six-meter (20-ft) semiballoon otter trawl
with 2.5-cm (I-inch) stretch mesh was used for all
tows. A complete description of the trawl is
given by Shealy, Miglarese, and Joseph (1974).

Catch Processing

Specimens collected at each station were
either processed immediately on board or preserved
in 10% buffered formalin and returned to the labo-
ratory for identification, measuring, weighing,

and sex determination. Shrimp were sorted by
species and examined immediately for diseases and
anomalies. Shrimp were sexed, and their stage of

maturity judged either by the presence of joined
petasmal endopod for males or by a modification of
King"s (1948) classification of ovarian development
for females. Total length (tip of rostrum to tip
of telson) was obtained to the nearest millimeter

for each shrimp. Each shrimp was measured if less
than 50 individuals of a species were caught in a
single tow. If more than 50 individuals were

caught, the total catch was weighed and generally
a total count was taken (except Tfor very large
catches when total numbers were estimated from a

subsample) . Subsampling was conducted as follows:
if >50 to <250 were captured, a minimum of 50
specimens were individually measured; if >250 to

<500 were caught, a minimum of 20% were measured;
and if >500 were caught, a minimum of 10% were

measured. Sex ratios of the subsample were biased
because equal numbers of males and females were
often selected from a large trawl catch. Individual

lengths, weights, and sex ratios were obtained from
the subsample. A Mettler top-loading Model P-II
electronic balance was used to weigh individual
shrimp to the nearest 0.1 g.

istical  Anal

T-test for two sample means (Steel and Torrie
1960) were used to determine if observed differ-
ences were significant. Differences were tested
for the following: mean size of brown shrimp
caught in June-July 1973 vs. June-July 1974;
mean number of white shrimp and of brown shrimp
caught during flooding vs. ebbing tide and
during day vs. night.

Shrimp Catches in Relation 1o Bottom Salinity and
Water JTemperature

The catch frequency and size of shrimp in re-
lation to salinity and temperature were ascertained
by analyzing monthly shrimp catches in the Cooper
River-Charleston Harbor, North Edisto, and South
Edisto estuaries. The trawl data were standardized
by calculating the mean catch per 20-min trawl tow
in salinity and temperature increments of 3 orsoo and
3°e, respectively. The standardized catches for
the salinity (or temperature) increments were
summed, and the percent contribution to the summed
total of each standardized catch in 3%00 Sand
3°C increments was obtained. These percentages and
the mean lengths were plotted against increasing
salinity and temperature for all shrimp data and

also for each season and each estuary. Throughout
the remainder of this report, the catch per unit



FIGURE 1.
STATIONS OCCUPIED IN SOUTH CAROLINA
ESTUARIES DURING THE BOTTOM
TRAWL STUDY.

NEW R



LAKE
MARION

< Charleston.

B-J00




:\;(



Mo,

K.



[T94ys — pues - pnu  G°QE - %°CI £ 0 = 2" L &2 Gt 1°9 Mi8"Lh ,08 N6'0T oZE PUNOS andoqTT1Ed - T009
Ler> - pues - pnu 9°0f - T'Z1 L20f ~E¢D S b £'g M,G" 8% N,Z°9T oZ€  I2ATY ©03IRT[0D - T00d
puEs pue pnu 0°0E = @ Z1 i Rl R gz 1*Z 6% My LTEY N,Z°9T omm punog Tedoy 31ogd - 7004
[TeYys — pues - pnu ) i e 98 =9 0l S TN 9 % M, L°E? o008 N,T°ZE 42€ youeag =278UyM - TOOH
TI°24ys - puEs — pnu 6T0€ — 8 LI 6°5¢ = OFEL o4 BTE il Mi6" LT 08 N.6°0t oCE }@e1d 3}00¥ - £OOH
pues 6°6¢ — €’ EXZT = &0 £ % 6'T £°G M,6'62 o008 N,0"HE HTE 1oAY oodaysy - ZOOH uoj8ay uiayinog
BS pue TT2ays 66¢ = €. IEE B°Ld = 10T 8'1 9T Y M L°00 N6 oCE 12ATY ouolg - T004d
PG £76C = T 11 LgL = 9% 61 9°'1 ¢*s M, T°BS 6L N,9°8% ,TE 19ATY 4A°TYsY - TOOM
31Fs pue pnu B = L1 0°67 = £°51 8T 9°T T M,Z°ES g6L NI L% 42t pueTsI doH - zoOr
pnu o= 8 [“GZ = 60T 8" 1 9'T o M,T°6S 6L N.%°SY oLE uosuyol *34 - TOOL
0" = Z HHRE = T i 81 8¢ M, 9°CS 461 NyT'ES oTE @21 TTI=MON - TOOM
T ‘g~ 0°CT gUee - ST 8'1 9°1 AR MiS°6% obL N,STLY GTE ¥921) 3I2TUL - T009 uopday Te1IULD
pu® puEs eYEE — B0 %E = #EE 81 9T 6°L M,L°0% 6L N, E° 7S 4Tt }@ea) 29Fad - z0O0H
pues pur pnu Cee = raad | Nl AR £ ST 0§ M, T°9F 6L N,6"55 SCE Aeg TIng ~ £00d
ABTD pup pues LAY = BTG LEE e 7o r ol 0% z 6T L N,8°80 Dmm 293jueg yinog - T00S
pnw %797 - €0T 6°6z - T'0 ZeT 0°T 0y M 9"GT o6L N,9°ST SEE feg yelum - TO0A uof8ay uIIYIION
adA Butadg U®aj () apNITIE] uoTiIels Aaenasy
(u) s8usy Teprl yadag
3 25 uesy

1 ¢/6] Aienigag moal porpiad yjuow-yz 3Y3 gupanp auoz Te3S
aATSURIXE 91 @Yl JO SOTISTIIIOBIRYD 1olew pue sUOT3ED207T ‘T PT4EL

wer ysnoa

1dnooo SUOTIEIAS

ur Araajienb |

e

jO Jagunu




Buppeaa1 20BIING,

PHES PUB TTIRYE. 867 — gyl grgE = %12 HiE €1 €5 M9 T1S g6l H6TGR ZE jurog sSurmmnd - goOr

IT2Ys - PUEsS — pam 767 = 9°TT T8¢ —0°¢ 6°T F=T 7701 M09S 6L  H,TUIS GZE aadeon Jo yanol - 4000

PUES puB TIOYs:  IMGT = T 0T LB = 0 81 Ll 89 My B LS obl NB'ES 4CE Soedfaedy N — C000

puEs. €6 = ['H =5 = e =) 71 9L MiT°SS ob6L N,T°8S oCE PUETST 314 - Z00D
(paey) pnu  g*g7 - /'8 S0 == £ ¢ HrE 001 Mi67°68 pbl NLOTHO oEE 9L YL - 100D 12ATy I9doo)

PRES( & gz = G°8 OHE = T°%E G 8°1 col MyZ°T2 908 N, L°6T7 ,TE Jurog 4eg - %000

PRES. %G 6C: = 979 S0 = T 0 ikt 67T Z'5 M L7ET 008  NL°EE ZE PUBTST }ORMuUsg - £00d

TT=y4s pus phm EBE: = FNL BE = T0= Tl 6°T 0°0T M,%"5Z o08 N,E°9E o7€  puersl uwosdwes - zpod
pues  ['8BT - 7'/ ) R e 6'1 0% M,8°HZ o008 N,L°6f o,T€  duwemg Apa3dnug - 1p0a 03STPE uInos

pues pue T1eys 1°67 - /g FivE ~ T°E 1°7 8'1 £01 M. L°0T 508 N,9'€E TE quRg XNEIA3Q - §OOH

pou §°6% - 1°B LT = ghLT 62 LAy & B M,S'ET 508 N,6°SGE ,TE  S2UT4 JO Iurod - LOOF

pues 862 — ' ZhE - LT "2 g1 08 M8 HT 08 N,§°9E ZE€ PUPISI MEBTEUPEM - 900F

PRESC B IAE T~ E-0E =~ 8761 Ui LT Foe] M L7LT 08  N,Z79€ o2& fe@aD jeoquesig - c0Od

pues 1'0€ - %'6 67 BE = LTET T g'T 6 N9°BT ,08 N6°LE pZ€ A9ATY oymeq - H00d

T124s pue puEs R*6F = %'6 6 BE = ¥°BL T 81 £°9 MLTST 08 N,B°8E ,2E 3nig saeeq - €004

PRl = TTOHG ~ PURS  5H°0C — 66 ¥ 8¢ = bNL &2 - =% M,E°LT 08 NE'T¥ 4Z€ @33aD oopoo3ool - z00d

(paey)
pow - TE2Hs — pues  1'Qgf — 7’6 & BE — Q0T £ 0°z il N, 70T 008 N, Z°TH oCE pueTs] safuoi - 100 O03STPT YIION
adAy wo3ljog (Da) (00/0) Sutadg ueajy (ur) apnit8uo 2pn3ITIe] UOTIRIS Laenasy
a8uey afuey (W) 98uey 1EPLL yadaq
aanjexaduay £3TuTTES uesy
wol3oq wojjod

"6461 &£anuep y3noayl greT Aaeniqey weaj porsed yjuow-tz 2yl Suranp ‘BuUrTOIR)
yainesg *saanty a=doo) pue 0ISTPE YINOg PUB YIToN =yl ul A[yjuow psrdndvo SUOTIEIS BSEBUJ BATSUL2IUT [T 2Yl JO SoTISTILIoeirys Jolew pue suopjesoq] ‘T 21498l




effort (cpue) is used to refer to numbers of shrimp
caught per 20-min trawl tow, whereas the catch
percentages in particular salinity (or temperature)
increments are referred to as "percent of the
summed cpue.™

Hydrographic Analyses

Water samples were collected 0.3 m above the
bottom with six-liter capacity Van Dorn bottles
at all stations just prior to trawling. Water
temperatures were read immediately from stem
thermometers internally mounted in the Van Darn
bottles, and salinity was measured in the labo-
ratory with a Beckman RS7B Induction Salinometer.

Results

Bottom salinities and water temperatures for
stations sampled quarterly statewide are summa-
rized in Tables J and 4_ respectively. Tlile low-
est mean salinities (6 /00) were recorded in
Winyah Bay (YOOl) and the Ashepoo River (H002).
The highest mean salinities ( >27 os/00) were
recorded for Bull Bay (B003), Price Creek
(B002), Inlet Creek (BOOI), Port Royal Sound
(P002), Colleton River (POOI), and Calibogue
Sound (GOOI) (Table 3). The lowest and highest
mean water temperatures were recorded in January
1975 and July 1973, respectively (Table 4).

Mean monthly salinities for the North and
South Edisto and Cooper River-Charleston Harbor
estuaries for both years are presented in Fig.
2. and the mean salinity of each station within
each estuary is presented in Fig. 3. In both
years, the lower salinities were recorded in
late winter-early spring, and the higher salin-
ities were recorded in late fall-early winter.
The lowest mean salinities ( <1-22 0/o00) gener-
ally occurred in March and the highest (27-30
0s/00) in November for all three estuaries.

Mean salinities for the Cooper River~
Charleston Harbor, North Edisto, and South
Edisto estuaries ranged from 3, 22. and
<1°/00 at the uppermost stations to 27, 30,
and 29 0/oo0 at the most seaward stations. re-
spectively (Fig. 3).

In the Cooper River-Charleston Harbor and
the South Edisto estuaries, the highest mean
temperatures (28-29 DC) were recorded in August,
and in the North Edisto (29 DC), in September.
The lowest mean temperatures were recorded in
January and February in the Cooper River-
Charleston Harbor, North Edisto, and the South
Edisto estuaries (Fig. 4). Overall mean tem-
peratures were approximately 20-22 °c at all
stations in each estuary (Fig. 5).

Species Composition

Statewide. During the two years of this
study, 92.5% of the total number of shrimp of
the genus Penaeus were P. setiferus (Figs. 6,
7). Most of these were-caught during late
summer and fall of both years, with the high-
est catch occurring in October (about 24% of
each year"s total catch). Brown shrimp accounted

ror only 5.3% of the total catch from February
1973 through January 1974 (Fig. 6) and for 10.3%
of the total catch from February 1974 through
January 1975 (Fig. 7). Large numbers of bro~1
shrimp were caught only during June, July, and
August. Percentages of pink shrimp were 10,-"nev-
er exceeding 0.1% in a given month. Fewer pink
shrimp were caught in the winter and spring.

In general, the percentages by weight were
similar to the percentages by numbers (Figs. 8,

9). Notable exceptions occurred in July and Aug-
ust 1973 and August 1974. In July and August 1973,
white shrimp comprised 6.5 and 14.0% by number, but
only 2.6 and 7.6% by weight, respectively, of the
total penaeid catch during the first year (Figs. 6,
8). The July 1973 catch of brown shrimp comprised
4.5% by number and 10.2% by weight of the total
catch during the first year. The August 1974 catch
of white .shrtmp accounted for 14.7% by numbers, but
only 9.2% by weight, of the total catch during the
second year.

Differences in abundance and species ratios
were observed among the state regions. The central
region was the most productive in numbers of shrimp
caught (Table 5). On the average the central re~
gion yielded about 2.4 times more white shrimp per
20-min tow than the northern region (334.4 vs.
141.1) and 4.3 times more than in the southern re-
gion (334.4 vs. 77.9). Brown shrimp were caught
nearly four times more often per tow in the central
than in the northern region (40.9 vs. 10.3) and
2.6 times more often than in the southern region
(40.9 vs. 15.9). In the northenl, central, and
southern areas, an average of 0.4, 0.7, and 0.1
pink shrimp were caught per tow, respectively
(Table 5).

Intensive sampling. Most of the shrimp caught
were white shrimp. Brown shrimp made up <1.5% of
the first year"s penaeid catch in the Cooper River-
Charleston Harbor, North Edisto, and South Edisto
estuaries, but in the second year, they comprised
12.7% of the catch (Figs. 10, 11). The monthly
percentages of pink shrimp were always less than
0.1% of that year®"s total penaeid catch (Figs. 10,
11) -

Spatial and Temporal Distribution.

Extensive sampling. Nearly 58% of the 24,308
white shrimp collected during quarterly extensive
sampling were taken from three stations (Ashley
River, Hog Island, and Fort Johnson) in the central
region, and 12% were taken from the South Santee
River station (SOOl). Over 36% of the white shrimp
catch was obtained in October 1973, and 14% was
obtained in both April and August 1974 (Table 6).
Of the 3,056 brown shrimp caught during extensive
phase trawling, 53% came from one station, Inlet
Creek (BOOI), in the central region of the coast.
Over 11% of the brown shrimp were caught at
Calibogue Sound (GOOI) and also at Rock Creek
(HO03) in the southern portion of the coast.
Seventy-seven percent of the browns were caught in
July 1973, and 11% were caught in August 1974
(Table 7).

Only 51 pink shrimp were caught during quar-
terly statewide sampling and two-thirds of these
were caught at one station in Inlet Creek (BOOI).
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Three stations (Inlet Creek, BOOl; Price Creek,
B002; and Bull Bay. BO003) between Charleston Harbor
and the South Santee River, accounted for over 90%
of the pink shrimp caught during quarterly state-
wide cruises. Twenty-five percent of the pinks
were caught in July 1973 (Table 8).

White and brown shrimp comprised 88.7 and
11.1%, respectively, of the total captured at
Extensive Phase stations (Table 9) with pink
shrimp accounting for 0.2% of the catch. Stations
at which the largest percentage of white shrimp
were caught also accounted for the largest per-
centage for all three species combined. Twenty-
nine percent of the total catch (27,415) were
taken in the Ashley River (KOOI) and 13.7% were
taken at the Hog Island station (J002). Only
1,944 shrimp were caught at the Inlet Creek sta-
tion (B001l). but 83.6% of these were brown shrimp
and 14.7% were whites (Table 9). Penaeid shrimp
were most numerous in summer and fall and least
abundant in winter 1975 (Table 10).

Idntensive sampling. In both the Cooper
River-Charleston Harbor and in the South Edisto
estuaries, white shrimp were caught further inland
during the fall months (Tables 11, 12). The most
inland station (C002) in the Cooper River contri-
buted only 10.7% of the total number of white
shrimp captured in that estuary, while at the most
inland station in the South Edisto estuary (0001),
catches of white shrimp comprised <0.1% of the
total for that river (Tables 11. 12). No shrimp
were caught at The Tee during the first year of
trawling. and trawling at this station was dis-
continued due to high incidence of gear damage by
bottom obstructions.

The spatial distribution of white shrimp in
North Edisto estuary was not similar to that
observed in the Cooper River-Charleston Harbor
and South Edisto estuaries (Table 13). Shrimp
were caught more often 21 km inland (Yonges"s
Island, EOOl) than at the mouth of this estuary
(Deveaux Bank). Most of the white shrimp taken
from the North Edisto were obtained just inland
from the mouth at the Point of Pines station
(E007) and the least were taken from the Deveaux
Bank station (E008) (Table 13).

Of the 66,819 white shrimp caught during
the intensive phase of the study, 62.7% were
taken in the first year and 37.3% during the
second. In both years, the greatest catches were
made from August through December (Table 14).
These five months accounted for 91.7% of the first
year"s catch and 78.6% of the second. Overall,
the period August-December 1973 contributed 57.5%
of the combined catch of white shrimp, while the
same period in 1974 accounted for only 29.4%.
reflecting the nearly two-fold difference in
total catches for the two"years (Table 14).

Brown shrimp were not nearly as abundant as
white shrimp and were caught primarily in the sum-
mer (Tables 15. 16, 17). No~. aztecus were
obtained at the most inland stations during any
month in either the Cooper or South Edisto Rivers
(Tables 15, 16). Most of the brown shrimp (54%)
taken from the Cooper River-Charleston Harbor
estuary were obtained from Cumming®s Point, the
seaward-most  station. In 1973, only one ~.
aztecus was taken at the North Charleston station

22

which is 23 km inland; however, in 1974, 219 brown

shrimp were taken at this station. Of those
from the South Edisto estuary, 65% were obtained
at the Fenwick Island station (14 km inland). Brown

shrimp were collected throughout the North Edisto
estuary and were most numerous at Yonge"s 1sland,
the most inland station (Table 17).

The catches of brown shrimp were far more sea-
sonal than those of white shrimp. Approximately
98% of the total catch of 4,191 brown shrimp was
obtained in June. July, and August (Table 18).
Nearly 12% of the total intensive catch was col-
cected in June and July of 1973. and 86% was col-
lected in June, July, and August of 1974

(Table 18).
Pink shrimp were the least frequently captured
commercial  shrimp. During two years of intensive

trawling in the Cooper River-Charleston Harbor and
the South Edisto estuaries, a total of six pink
shrimp were identified from the catches. Two were
captured at the mouth of the Cooper River (station
C004) in August 1973, and in the South Edisto,
three were taken at Fenwick Island (station 0003)
in October 1973 and one at Bay Point (station
0004) in April 1974. In the North Edisto estuary,
however, 37 pink shrimp were taken (Table 19), and
fifteen of these were obtained at the Toogoodoo
Creek station (Table 19). Of the 43 pink shrimp
caught in the monthly, intensive sampling.

18.6% were obtained in October of 1973 and 18.6,
14.0, and 14.0% were collected in March, April,
and October of 1974, respectively (Table 20).

During the two years, a total of 71.053
shrimp of the genus PRenaeus were caught. Of this
total, 42.427 or 59.7% were taken during the first
twelve months, and these were virtually all white
shrimp (Table 21). In contrast, during the Tfollow-
ing year. the catch of white shrimp was reduced by
about 40% while that of browns increased nearly
seven-fold. TIluS, brown shrimp accounted for 12.7%
of the catch during the second year. Overall,
white shrimp comprised 94% and brown shrimp com-
prised 5.9% of the total catch. The numbers of pink
shrimp caught were not greater than 0.1% of the
catch (Table 21).

Most of the white shrimp were caught in late
summer and fall months, while most brown shrimp were
obtained during summer. Over 86% of the total
number of white shrimp were taken from August through
December, and 92.7% of the brown shrimp were obtained
in June and July. Thirty-seven percent (16) of the
pink shrimp were caught in March and April (Table 22).
The two-year mean number of shrimp caught per tow in
the three estuaries was 186.5. The mean numbers of
white shrimp captured per tow during the first and
second year of the study were 221 and 130, and for
brown shrimp 3 and 19, respectively (Table 23).

Higher numbers and biomass of shrimp were col-
lected per tow in the Cooper River-Charleston Harbor
than in the other estuaries (Tables 24, 25). Nearly
58% by number and 44% by weight of the catch per tow
were taken from this estuary. The North Edisto was
found to be the next most productive estuary.
accounting for only 27% by numbers, but 42% by
weight of the mean catch per tow. Only 15% by num-
bers and 14% by weight of the catch per 20-min tow
were obtained from the South Edisto estuary (Tables
24,25).

White shrimp were caught 1in greater numbers per
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Table 11. MNumerical catch of Penaeus setiferus collected monthly by bottom trawl at four stations in the
Cooper River-Charleston Harbor estuary, South Carolina, from February 1973 through January 1975.

Stations (Progressing Seaward—3p)

Big North Mouth Cummings Total Monthly
Island Charleston of Cooper Point Catch by Contribution
(c002) (co03) (C004) (JOD3) Month to Total Catch
Distance Inland (km) 33 23 16 0 (%)
1973
February 0 0.0
March 5 5 = 0.1
April 0 0.0
May 4 7 11 0.1
June 0 0.0
July 50 47 97 0.5
August P 4,370 831 440 5,643 27.9
September 3 824 1,740 12 25579 : T
October 148 2,290 524 257 3,219 55
November 2,430 409 157 38 3,034 15.0
December 183 32 5,040 5,255 26.0
1974
January 4 141 242 387 1.9
Year's Catch
by Station 2,766 7,589 8,492 1,043 20,230
Station Contribution
to First Year's Catch (%) 1347 39.2 42.0 G2 100.0
1974
February 14 i 1,626 17.2
March 122 387 509 5.4
April 152 83 235 L5
May 164 331 17 512 5.4
June 32 90 37 159 e
July 1 i 144 10 266 2.8
August 74 133 3 210 Lo
September 2,050 277 69 2,396 5.3
October 326 1,600 6 1,932 20.4
November 5 438 483 86 1,019 10.8
December 26 164 242 432 4.6
1975
January b 171 177 i
Year's Catch
by Station 413 4,554 1,783 2723 9,473
Station Contribution
to Second Years
Catch (%) 4.4 48.1 18.8 28.7 100.0
Total Catch
by Station 3,179 12,483 10,275 3,766
Station Contribution
to Total Catech (%) 10.7 42.0 34.6 1257 100.0

Grand Total (All stations and months combined) = 29,703
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Table 12. Numerical catch of Penaeus setiferus collected monthly by bottom trawl at four stations in the
South Edisto estuary, South Carolina, from February 1973 through January 1975.

Stations (Propressing Seaward-—»)

Snuggedy Sampson Fenwick Bay Total Monthly
Swamp Island Island Point Catch by Contribution
(D001) (D002) (DO03) (D004&) Month to Tetal Catch

Distance Inland (km) 35 24 14 2 (%)

1973
February 9 9 0.2
March 12 iz 0.2
April 14 14 0.3
May 20 3 23 0.5
June 1 1 =0.1
July 1 1 <0.1
August 170 1,026 1,196 237
September 2§ 131 1,000 105 1,237 24.5
October 82 202 63 347 6.9
November 105 78 5 188 Fo7
December 210 15710 3 1,923 38.1

1974
January 74 26 100 2.0

Year's Catch

by Station 1 699 4,110 241 5 o050

Station Contribution

to First Year's

Catch (%) 20.1 13.8 81.4 4.8 100.0

1974
February 18 18 0.6
March 152 152 4.7
April 9 2 11 0.3
May 1 7 4 12 0.4
June 5 5 0.2
July 446 137 583 8: 1
August 627 279 906 28.2
September 1 386 163 50 600 18.7
October 77 112 1 190 L
November 2 431 23 49 505 1557
December 2 22 157 181 5.5

1975
January 51 51 1.6

Year's Catch

by Station 3 1,970 821 420 3,214

Station Contribution

to Second Year's

Catch (%) <0.1 61.3 255 13.1 100.0

Total Catch

by Station 4 2,669 4,931 661

Station Contribution

to Total Catch (%) <0.1 32,3 59.7 8.0 100.0

Grand Total (All stations and months combined) = 8,265
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Table 15. Numerical catch of Penaeus aztecus collected monthly by bottom trawl at four stations in the
Cooper River—Charleston Harbor estuary, South Carolina, from February 1973 through January

1975.
Stations (Progressing Seaward—)
Big North Mouth Cummings Total Monthly
Island Charleston of Cooper Point Catch by Contribution
(C002) (C003) (C004) {J003) Month to Total Catch
Distance Inland (km) 33 23 16 0 (%)
1973
February 0 0.0
March 0 0.0
April 0 0.0
May Q 0.0
June 1 6 7 53
July 6 102 108 81.2
August 1 15 16 12:0
September 0 0.0
October 0 0.0
November 1 1 0.8
December 0 0.0
1974
January 1 1) 0.8
Year's Catch
by Station 0 1 14 118 133
Station Contribution
to First Year's
Catch (%) 0.0 0.8 10.5 88,7 100.0
1974
February 1 1 0.1
March 6] 0.0
April 0 0.0
May 4 4 02
June 67 500 159 726 39.4
July 152 170 786 1,108 60.2
August 2 2 i
September 1 i 0.1
October 0 0.0
November 0 0.0
December 0 0.0
1975
January 0 0.0
Year's Catch
by Station 0 219 675 948 1,842
Station Contribution
to Second Year's
Catch (%) 0.0 11+9 36.6 51.5 100.0
Total Catch
by Station 0 220 689 1,066
Station Conmtribution
to Total
Catch (%) 0.0 11.1 34.9 54.0 100.0

Grand Total (All stations and months combined) = 1,975




Table 16, Numerical catch of Penaeus aztecus collected monthly by bottom trawl at four stations in the
South Edisto estuary, South Carolina, from February 1973 through January 1975.
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Distance Inland (km)

Stations (Progressing Seaward—» )

Snuggedy Sampson
Swamp Island
(DO01) (D002)

35 24

Fenwick
Island
(D0O03)

14

Bay

Point
(DO04)

2

Total
Catch by
Month

Monthly
Contribution
to Total Catch

(%)

1973
February
March
April
May
June
July
August
September
October
November
December

1974
January

Year's Catch
by Station

Station Contribution

to First Year's
Catch (%)

1974
February
March
April
May
June
July
August
September
October
November
December

1975
January

Year's Catch
by Station

Station Contribution

to Second Year's
Catch (%)

Total Catch
by Station

Station Contribution
to Total Catch (%)

0.0 0.0

54
15

0.0 16.9

11.8

39
223

264

673

266

65.0

Grand Total (All stations and months combined) = 409
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17
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tow from August through December 1973 than in the
remaining months, and during this time, they were
caught in greatest numbers per tow in the Cooper
River-Charleston Harbor estuary. From April 1974
through January 1975, numbers of white shrimp
caught per tow in the Cooper River-Charleston
Harbor and the North Edisto were about equal (Fig.
12). Numbers of brown shrimp caught per tow were
far greater during the second year, and the num-
ber caught per tow was greatest in the Cooper
River-Charleston Harbor (Fig. 12). Numbers of
pink shrimp caught per tow were Jlow in both years,
but more were caught in the North Edisto than in
either the Cooper River-Charleston Harbor or the
South Edisto estuaries.

The most noticeable in numbers of

change

shrimp caught per tow between the two years
was observed in the Cooper River-Charleston
Harbor estuary. During the first year, a mean

of 453 shrimp were caught per trawl tow and 99%
of these were white shrimp. During the second
year, however, a mean of 236 shrimp were caught
per tow, but only 84% were white shrimp. Over
16% of the catch per tow during the second year
was brown shrimp (Table 26). The year-to-year
change was not as obvious in the North and
South Edisto estuaries (Table 26).
The mean shrimp catch per 20-min
differed among estuaries (Table 27).
average, the number of white shrimp caught per
tow in the Cooper River-Charleston Harbor estuary
was about twice as great as that captured in the
North Edisto estuary and nearly four times as
great as that observed in the South Edisto. In
contrast, biomass of white shrimp captured per
tow was about the same in the Cooper River-
Charleston Harbor and North Edisto estuaries, and
both were about three times as great as that ob-
served in the South Edisto. Thus, it appears
that, overall, white shrimp were only about half
as numerous although twice as large in the North
Edisto as in the Cooper River-Charleston Harbor
estuary. P. setiferus were much less numerous in
the South Edisto than in the other two estuaries
and were similar in mean size to those taken
along the Cooper River-Charleston Harbor transect.
Similar trends were observed among brown shrimp;
most pink shrimp were collected in the North

trawl tow

On the

Edisto estuary (Table 27).
Sex Ratios

During the first two years of the study, most
subsamples  for sex ratios were biased when large
numbers of shrimp were caught. Therefore, sex

stations in
or when sub-
to obtain sex

data from all intensive and extensive
which the entire catch was analyzed
sampling was unbiased were combined

ratios.

More females than males were caught for each
species. Females outnumbered males 1.0 to 0.8
for P. setiferus., 1.0 to 0.7 for P. aztecus.

and T.0 to 0.8 for P. duorarum.. No consistent
trends were noted among the ratios for each
species on a monthly basis (Table 28).

Lenath-freguency Relationships

P. setiferus, P. aztecus,

Extensive sampling.

duorarum were caught throughout the state
regions in the extensive sampling, and obvious
length-frequency differences between the sexes were
not observed (Tables 29-34). Largest white shrimp
were taken in spring and fall, while largest brown
and pink shrimp were observed in spring and summer.

and~.

Mean total lengths of P. gsetiferus ranged from 70-
119 mm (Tables 29, 30); those for P. aztecus, from
65-129 mm (Tables 31, 32); and those for P. duorarum.

from 55-130 mrn (Tables 33, 34). -

Mean total lengths for white and brown shrimp
were greatest in the southern region of the South
Carolina coast and smallest in the northern region,
and in each region, mean lengths for brown shrimp
were larger than those for white shrimp (Table 35).

Intensive sampling..  Only one "complete” annual
cycle for P. setiferus was obtained during the study,
i.e., from-July 1973 through June 1974 (Tables 36,
37; Fig. 13). Young-of-the-year white shrimp were
first detected by bottom trawl in the estuaries in
early July of both years. No obvious differences
between sizes of males and females were observed
for R. setiferus (Tables 36, 37). White shrimp
increased in length very rapidly during July-
September in the intensively-sampled estuaries in
1973, but only in the North Edisto was their size
observed to increase as rapidly in 1974 (Fig. 13).
Minimum lengths were vrecorded in July, while maxi-
mum lengths were observed in June and November
1973, and again in May-June and October-November
1974. Maximum mean total lengths of ~. setiferus
in fall 1973 were greatest in the North Edisto
(118 mm) and smallest in the Cooper River-Charleston
Harbor (80 mm); similar mean lengths in the South
Edisto were intermediate at 102 rom. In the fall of
1974, maximum mean lengths in the Cooper River-
Charleston Harbor, North Edisto, and South Edisto
estuaries were 94, 122, and 100 rom, respectively.

In late spring, maximum mean lengths were approx-
imately the same in all estuaries and approached or
exceeded 130 rom. Total lengths of white shrimp
averaged about 59 romin all three estuaries in
July 1973, but considerable size differences were
noted among these estuaries in July 1974. Mean
total lengths in July 1974 for whites in the Cooper
River-Charleston Harbor, North Edisto, and South
Edisto were 59, 86, and 75 mm, respectively (Fig.
13). These differences among sizes of P. getiferus
in the three estuaries persisted to some extent
through November 1974. Similar mean length differ-
ences were also observed from September through
December 1973 (Fig. 13).

Two "complete” annual cycles for P. aztecus
were obtained~uring the study (Tables-38, 39; Fig.
13). Brown shrimp were first detected by trawl in
substantial numbers in June. The mean total length
P. aztecus (sexes combined) increased from 96 mm in
June to 103 mm in July 1973, and from 83 mm in June
to 114 mm in August 1974. In August of both years,
just before P. aztecus essentially disappeared from
the trawl catches, mean sizes of female P. aztecus
were found to be larger than those of males (Tables
38, 39). Differences in mean length of brown shrimp
are difficult to assess because of the limited num-
ber caught and because they were abundant only in
June and July. Where data are available, however,
brown shrimp appeared to increase 1in size at similar
rates in all three intensively-sampled estuaries

of
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The catch per unit effort for Penaeus duorarum is less than 2 for any

given month.
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(Fig. 13). In June 1973, mean lengths of brown
shrimp in the Cooper River-Charleston Harbor and
the North Edisto estuaries were 87 and 100 rom,
respectively; in June 1974, mean lengths in the
Cooper River-Charleston Harbor, North Edisto, and
South Edisto were 78, 93, and 75 rom, respectively.
A maximum mean total length of 113 mm was obtained
in August 1974 in the North Edisto (Fig. 13). As
with white shrimp, mean size of brown shrimp in the
Cooper River was less than that in North Edisto.
Mean size also differed for each year. The mean
length (mm) of brown shrimp in June and July was
significantly larger in 1973 (100.9, s.e. 0.90,
d.£. 345) than that in 1974 (91.7, sie . 0.38,
d.£. 1820) (lit"test, P <0.01).

Too few pink shrimp were caught to meaning-
fully assess the length-frequency relationship
for that species in South Carolina estuaries
(Tables 40, 41).

Shrimp QOccurrence and Size of Shrimp in
Belationship 1o Bottom Salinity and Temperature

Penaeus setiferus (Linnaeus). A gradual
increase in the mean length of P. setiferus
from 77 to 136 romwas observed as salinity in-
creased from 0.0-2.9 to 33.0-35.9 0/oo0 (Fig-
14). The highest percentages of the summed catch
per unit effort were obtained in salinities of
3.0-8.9, 12.0-14.9, and 24.0-26.9 oso0- The
gercent of the summed cpue in salinities <9.0

so0 was nearly 31, that in 9.0-20.9 osoo S was
35, and that in 21.0-29.9 osoo0 was 29. Twenty
percent of the trawl tows were made in salini-
ties of 0.0-2.9 osoo, but these accounted for
only 10% by numbers of the shrimp catch (Appen-
dix 1). Approximately 10% of the trawl tows
were made in waters >29.9 0/oo S and accounted
for only 4.5% of the number of P. i

caught. Salinities between 23.9 and 30.0

0/00 were trawled most frequently and produced
the most shrimp (Appendix 1).

The mean cpue for spring, summer, fall,
and winter was 39, 125, 358, and 176, respec-
tively, based on about 95 tows each season
(Appendix 1). About 5% of the total 65,994
~. setiferus were caught in the spring, and
the cpue was low in all salinities. Shrimp
with a mean total length over 100 romwere
gaught in salinities of 0.0-5.9 and 15.0-29.9

soo.  Summer catches contributed 18% of the
total number of white shrimp captured. The
highest percent of the summed cpue for the
s~er was obtained from waters with salinities
<9 soo:; mean total lengths of these shrimp
varied from 69 to 78 mm. The relatively high
percent of tge summed cpue in waters <3 0/o0 S
and 3.0-5.9 oo was due to single catches; 82
and 69% of the shrimp were “"caught in single
tows, respectively.

Fifty-one percent of the total number of
white shrimp were caught during fall (September-
November). The highest cgue occurred in waters
of 3.0-8.9 and 18.0-23.9 /00 (Appendix 1). 1In
each case, the high cpue was due to one or two
catches. The data for the selected salinity
increments are as follows: 3.0-5.9 0/00. two
tows caP5ured 4,340 of a total of 4,681;
6.0-8.9 so0o. all 1,000 shrimp were caught in
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one tow; 18.0-20.9 osoo. one tow caught 2,430 of
the 3,460 shrimp; and 21.0-23.9 osoo, 3,030 of
3,791 shrimp were caught in two tows. Shrimp
caught in salinities :>23.9os00 averaged over 100
romtotal length. Twenty-five percent of the total
number of white shrimp were caught during the win-
ter months, and 12,000 of these were caught in
waters of 24.0-29.9 osoo S with 36 tows (Appendix
1). Eighteen tows in waters <3.0 osoo S caught only
26 shrimp. The two highest cpue in the winter were
due to single outstanding catches. Ninety-one per-
cent of the 1,883 shrimp caught in 12.0-14.9 osoo S
and 68% of the 7,380 shrimp caught in 24.0-26.9 a/aD
S were captured in one tow (Fig. 15, Appendix 1).

The Cooper River-Charleston Harbor, North
Edisto and South Edisto estuaries accounted for 44,
44, and 12% of the total number of white shrimp
caught in these estuaries, respectively. The mean
number of shrimp caught per 20-min trawl tow in each
estuary was 314, 153, and 87, respectively (Appendix
2) .

In the Cooper River-Charleston Harbor estuary,
over 12% of the summed cpue was made in salinities of
3.0 to 5.9 0/oo. and over 25% in salinities of 18.0
to 26.9 osoo- These high percentages were the
results of one or two large catches in the respective
salinities. In 3.0-5.9 0/oco, two trawl tows produced
nearly 72% of 6,066 shrimp caught in these salinities;
in 18.0-20.9 osoo, one tow captured 73% of 3,322
shrimp; in 21.0-23.9 osoo, one tow produced 75% of the
2,321 shrimp; and in 24.0-26.9 0/oco, nearly 67% of
7,571 shrimp were from one catch.

In the North Edisto estuary, mean total lengths
of shrimp increased rather consistently with increas-
ing salinity, and the highest percentage of the summed
cpue, 6.5, occurred in salinities of 27.0-29.9 0/o0
(Fig. 16, Apgendix 2). Shrimp caught in salinities
of 6.0-14.9 /oo in the South Edisto accounted for
nearly 19% of the summed cpue, but this high percent
was the result of a few large catches. One thougand
of 1,520 shrimp caught in salinities of 6.0-8.9 oo
and 1,710 of 2,425 shrimp captured in salinities of
12.0-14.9 0/oo, --;=-"taken in single tows.

White shrimp wec~ caught in 8.6 to 30.4 °C
waters, and the mean length did not consistently
change with increasing temperatures (Fig. 17). The
largest shrimp (mean total length 121 rom)were
caught in 21.0-23.9 °C waters, the smallest (mean
total length 90 mm) occurred in 6.0-8.9, 18.0-20.9,
and 24.0-26.9 °C waters. In contrast, the percent
of the summed cpue did generally increase with in-
creasing temperatures. Water cooler than 15°C con-
tributed 8.6% of the summed cpue, while waters with
temperatures ranging from 15.0 to 30.r. °C yielded
38.1%. Over 53% of the summed cpue was taken in
30.0 to 32.9 °C waters. The high percentage in
30.0-32.9 °c waters was due to three tows during
fall (Fig. 18) in the North Edisto estuary (Fig.

19) in which relatively large numbers of shrimp
were caught (Appendices 3, 4). The 27.0-29.9 °C
waters were trawled 106 times and accounted for 39%
of the total 66,819 white shrimp (Appendix 3).

In spring, shrimp were caught in 13.0 to 24.0
°C waters. Mean lengths of shrimp caught in 12.0-
14.9 and 21.0-26.9 °C waters were greater than 100
rom,and most of the larger shrimp were caught in May
when water temperatures were >21 °c (Fig. 18). The
cpue in spring was small. In summer, water temper-
atures were relatively uniform at all stations.
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Nearly all the shrimp (97%) caught during the
summer were taken in 27.0-29.9 °C waters; mean
total length was 83 mm. In fall, water tempera-
tures varied considerably and shrimp were captured
at water tempertures ranging from 14.0 to 30.4 DC.
Mean lengths ranged from 83 to 121 rom. In winter.
shrimp were caught in waters ranging from 8.6 to
19.0 °c and averaged about 100 romtotal length
(Fig. 18. Appendix 3). Of the 16,698 white shrimp
captured during winter months, 64.3% were taken in
December 1973 when water temperatures averaged
16.9 DC. In January and December 1974, and January
1975, water temperatures averaged 13.7, 10.2, ffild
12.2 DC, respectively, and only 9.1, 13.3, and
1.5% of the numerical winter catch was taken.

Mean salinities during these months did not change
more than 2 ocoo and approximated 20 o/oo-

No shrimp were caught at water temper-
atures <12.4 or >29.0 °c in the Cooper River-
Charleston Harbor estuary. In the North
Edisto estuary, shrimp were caught in 8.7 to
30.4 °c waters. Catches per unit effort were
generally low in all waters except those of
30.0-32.9 °c which have been discussed pre-
viously. In the South Edisto estuary,
shrimp were caught in waters with temperatures
ranging from 8.6 to 29.5 DC. Mean total
lengths of shrimp generally increased with
temperature to 24°C in the North and the
South Edisto estuaries and thereafter de-
clined somewhat. A similar trend was not ob-
vious in the Cooper River-Charleston Harbor
estuary (Fig- 19, Appendix 4).

Penaeus aztecus lves. The mean length
for brown shrimp caught at salinities <3 0/q0
was 68 romand increased to 132 mm for shrimp
taken in salinities >33 osoo (Fig. 20). Six-
teen, five, and 47% of the total intensive
catch of 4,191 shrimp were captured in salin-
ities of 3.0-5.9, 6.0-8.9, and 24.0-26.9 0/00,
respectively, and these catches represent 22.
23~ and 23% of the summed cpue. Twenty per-
cent of the tows occurred in salinities <3
os00 and produced only 2% of the numerical
catch, and 28% of the trawl tows occurred in
salinities >26.9 0/o0 and produced only 13%
of the numerical catch (Appendix 5).

The mean number of brown shrimp caught
per 20-min trawl tow throughout the two-year
study was 11, and during the spring, summer,
fall. and winter, the catches per tow averaged
0.4, 43, 0.2, and <0.1, respectively (Appendix
5). The data are not graphed seasonally
because 4,127 (98.5%) of the total 4,191 brown
shrimp were caught in June, July, and August, and
a graph of the summer catch would be nearly iden-
tical to Fig. 20. During the summer, the highest
cpue were 134, 74, and 90 shrimp in 3.0-5.9.
6.0-8.9, and 24.0-26.9 w0 S, respectively
(Appendix 5). In each case, the high cpue result-
ed from one or two large catches. Few brown shrimp
were caught in salinities <3 osoo even though 22%
of the trawl tows during the summer were made in
such salinities (Appendix 5).

The total number of brown shrimp caught in the
Cooper River-Charleston Harbor, North Edisto, and
South Edisto estuaries was 1,974, 1,807. and 410.
respectively. The mean number caught per 20-min
trawl tow in each estuary was 21, 10, and 4,
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respectively (Appendix 6). In the Cooper River-
Charleston Harbor, the highest percent of the summed
cpue occurred in salinities of 3.0-5.9, 6.0-8.9, and
24_.0-26.9 osoo (Fig. 21). The numbers of shrimp
caught in these salinities represent 16.0, 3.6, and
21.2% of the total catch, and 22, 17, and 18% of the
summed cpue (Appendix 6). Me~n total lengths of
shrimp caught in 3.0-8.9 and 24.0-26.9 osoo were
about 80 and 92 mm, respectively.

In the North Edisto estuary the highest percent
of the summed cpue gccurred in salinities of 12.0-
14.9 and 24.0-32.9 ,oo. The percent of the total
number of brown shrimp caught and the percent of the
summed cpue in these salinities are the following:
12.0-14.9 0/oco, 2.2 and 3.1; 24.0-26.9 osoo. 25.9
and 4.6; 27.0-29.9 0/oo., 7.3 and 3.2; 30.0-32.9 o,00.
4.1 and 2.3 (Appendix 6). Mean total lengths varied
between 83 and 113 mm (Fig. 21).

Catches were scattered throughout the various
salinities in the South Edisto estuary (Fig. 21).
The highest percent of the summed cpue occurred in
salinities of 6.0-8.9, 15.0-17.9, and 18.0-20.9 ocoo.
The numbers of shrimp caught in these salinities
represent only 1.7, 5.5, and 0.9% of the total catch,
but 6, 7,.and 4% of the summed cpue (Fig. 21,
Appendix 68{] Mean lengths of shrimp taken in salin-
ities <21 /00 were smaller than those captured in
waters of salinities >24 osoo0-

Brown shrimp were caught in waters ranging from
9.4 to 30.4 DC. Mean length did not consistently
change with increasing temperature (Fig. 22). The
largest shrimp (mean total length 116 mm) were caught
in 18.0-21.9 °c waters, and the smallest (mean total
length 52 rom), in 9.0-11.9 °C waters. Ninety-eight
percent of the summed cpue in relation to temperature
occurred in 24.0-29.9 DC waters. This high percent-
age was due to summer catches (Appendix 7). Brown
shrimp were caught in the North Edisto in waters with
temperatures ranging from 9.4 to 30.4 DC. No shrimp
were caught in waters <12 or >30 DC in the Cooper
River-Charleston Harbor or the South Edisto estuaries
(Fig. 23, Appendix 8).

Catches of white shrimp were not found to be
greatly LnfLien, d by tide stage nor were obvious
diurnal d.Lf -renc es found (Tables 42-44). Brown
shrimp catches were much larger on flood (233.0, s.e.
99.7, d.f. 8) than ebb tide (61.7, s.e. 18.2, d.£. 5)
and larger during ~:""tHay (178.8, s.e. 86.6, d.f. 9)
than night (135.0, s.e. 86.7, d.f. 4), but these dif-
ferences w.ce.not found to be significant (lit"test,
P <0.05) (Tables 42-44). Too few pink shrimp were
caught to determine the effects of tide and light
(Tables 42-44).

Discussion and Conclusions
General Considerations

South Carolina estuaries are generally of two
types: those with source waters originating well
above the fall line and those with source waters
originating below the fall line. The former, such
as the Cooper River-Charleston Harbor and the South
Edisto Edisto estuaries, are subject to spring
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Table 43. Mean number of penaeid shrimp caught per tow by bottom trawl during
flood and ebb tide. Tows made every six hours during quarterly 25-hour
stations in the Cooper River-Charleston Harbor (Station J001), North
Edisto (Station F007), and South Edisto (Statiom DO03) estuaries,

South Carolina.

Number Number

Species and Tide Caught Tows CPUE
Penaeus setiferus

Maximum Flocding Tide 1,582 2 58.6
Maximum Ebbing Tide 1,158 18 64.3
Penaeus aztecus

Maximum Flooding Tide 2,097 * 233.0
Maximum Ebbing Tide 370 6* 61,7
Penaeus duorarum

Maxim'm Flooding Tide 5 2 Q2
Maximum Ebhbing Tide 5 18 0.3

*July 1974 tows only




Table 44. Mean number of penaeid shrimp caught per tow by bottom trawl during
daylight and dark. Tows made every six hours during quarterly 25-hour
stations in the Cooper River-Charleston Harbor (Station J001), North
Edisto (Station E007), and South Edisto (Station D003) estuaries,
South Carolina.

Species and Number Number
Light Conditions Caught Tows CPUE

Penaeus setiferus

Light 1,456 27 56.0
Dark 1,284 18 67.6

Penaeus aztecus

Light 1,788 10 178.8
Dark 679 5 1358

Penaeus duorarum

Light 4 27
Dark 6 18

=20
w n

*July 1974 tows only



freshets and floods and receive heavy sediment
loads. The latter, such as the North Edisto
estuary, rarely experience large variations in
freshwater discharge and receive little sediment.

The Cooper River-Charleston Harbor estuary
is a mixohaline estuary (Venice system 1959) and
receives drainage waters from not only the Cooper
River but also waters diverted from the Santee
River via the Santee-Cooper impoundment (Lake
Moultrie). The Cooper River system bisects the
South Carolina coastal zone, and, therefore,
geographically provides a reference for compar-
ison with other estuaries across the state. The
Cooper River-Charleston Harbor estuary was select-
ed for intensive study not only for its geographic
location, but for a number of other reasons. The
river is experiencing continuouslY increasing
pressure from extensive port and industrial devel-
opment, and the U. S. Army Corps of Engineers have
plans to redivert freshwater from the Cooper River
back to the Santee River to alleviate heavy silt-
ing in Charleston Harbor. Charleston Harbor is
not open to commercial shrimping, so the shrimp
population in the estuary should be little af-
fected by commercial shrimping pressures. The
fauna of the Cooper River-Charleston Harbor in-
cludes not only penaeid shrimp, but also (I)
diverse marine species in open water at the
mouth of Charleston Harbor. (2) an estuarine
cowmunity in the extensive and often fluctuat-
ing zone of intermediate salinities, and (3)

a zone above the permanent freshwater line,
typified by an ictalurid-clupeid-anguillid
ichthyofauna and submergent aquatic plants dom-
inated by Anacharis canadensis Michaux (waterweed)
and Ceratophyllum demersum (coontail). Species
of fish commonly caught by trawls include
Stellifer lanceolatus (star drum), Micropogon
undulatus (Atlantic croaker), Anchoa mitchilli
(bay anchovy), Brevoortia xtyra~Atlantic
menhaden), and seasonally, Urophycis regius
(spotted hake) (Shealy, Miglarese, and Joseph
1974) .

The North Edisto estuary is a high-salinity
estuary, characteristically mixo-polyhaline
(Venice system 1959); it receives no major Tfresh-
water inflow, and intermediate salinities are
common (Fig. 3). Stations were selected to
represent areas in both the main trunk of the
estuary and the tributaries (Fig. 1). This
estuary is relatively pristine and contains large
shrimp nursery grounds and many oyster leases. The
penaeid shrimp populations in the North Edisto
are accompanied by a diverse benthic fish com-
munity which tends to be dominated by sciaenids
and engraulids. The most common species of fish
captured by trawls include, in order of decreasing
numerical abundance, Stellifer lanceolatus (star
drum). Anchoa mitchilli (bay anchovy), Leiostomus
xanthurus (spot). Micropogon undulatus (Atlantic
croaker), Cynoscion regalis (weakfish), and
Urophycis regius (spotted hake) (Shealy, Miglarese,
and Joseph 1974).

The South Edisto estuary has minor connections
with the North Edisto (Fig.- 1), but unlike the
North Edisto. it receives runoff from a comparative-
ly large drainage basin. As a result ~he South
Edisto is a mixohaline estuary with the inland half
characteristically mixo-mesohaline and the seaward
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half, mixo-polyhaline (Venice system 1959). Sta-
tions were selected to represent the entire salinity
gradient from the estuary®s mouth to above the per~
manent freshwater line (Figs. 1, 3). The South
Edisto is a nursery ground for blue crabs, shrimp,
and coastal migrant fishes. Species of fish com-
monly caught by trawls include Stellifer Jlanceolatus
(star drum), Micropogon undulatus (Atlantic croaker),
lctalurus catus (white catfish), Anchoa nmitchilli (bay
anchovy), and Chloroscombrus chry-{Atlantic
bumper) (Shealy, Miglarese, and Joseph 1974).

The Edisto estuaries were selected for intensive
study because they have been less affected by man-'s
activities than many of the other major estuaries in
South Carolina. Therefore. the data should be repre-
sentative of shrimp populations in an unpolluted
coastal ecosystem and will assist in establishing
baseline conditions prior to possible industrializa-
tion and urbanization. Trawling during this initial
study was restricted to flood stage during daylight
hours in order to minimize the number of variables
influencing the catch data. All shrimp data present-
ed in this report were collected by semi-balloon otter
trawl. Therefore, the data are representative of the
shrimp®s wvulnerability to capture by the trawl.

Young shrimp may actually occupy the estuaries from
several weeks to several months prior to their regu-
lar appearance in the trawl catches.

The stations were selected to be representative
of that estuary®"s fauna as much as possible, and we
believe that all the stations were relatively un-
biased in selecting for or against a specific spe-
cies. Obviously, typically freshwater species would
not be expected to be taken at high salinity sta-
tions and vice versa.

Several additional points should be considered.
While the majority of the South C2rolina coastal
zone was sampled in the extensive _hase of the
study, no stations were sampled above Winyah Bay
(YOOI). Also these results are limited to a two-
year period during which meteorological conditions
at times fluctuated atypically. Just prior to the
start of monthly sampling in February 1973, South
Carolina coastal counties recorded the heaviest
snowfalls experienced Tfor the past several decades.
Subsequent freshwater runoff during the spring
along with heavy rains in early summer (June), un-
doubtedly influenced estuarine hydrography and, in
turn, possibly the distribution and movements of
penaeid populations during the first six months of
the study. During the 1973-1974 winter, unusually
mild temperatures prevailed. Th~s, the results
may not reflect in every case the "normal™ length-
frequency, relative abundance. and distribution
patterns generally exhibited by penaeid shrimp
populations in South Carolina estuaries. For this
and other reasons, these studies are being contin-
ued over a number of additional annual cycles.

Penaeus setiferus (linnaeus)

Nearly 67,000 white shrimp weighing a total
of 500 kg were caught in the Cooper River-
Ctarleston Harbor, North Edisto, and South Edisto
estuaries during the two-year study. Of these,
5, 18, 52, and 25% by numbers were caught in the
spring, summer, fall, and winter, respectively.
The seasonal percent catch is a reflection of the
shrimp®s life cycle. White shrimp were judged by



Lindner and Anderson (1956) to spawn from May
into September in South Carolina waters. Immi-
gration of the postlarvae occur from late spring
through September with peaks in June, July, and
August (Bearden 1961; Charles Boardman, personal
communication, 22 August 1975). In the estuaries,
juvenile shrimp increase rapidly in size, and
most egress from the estuaries during the fall
months (September-November) as subadults. The
exact trigger for this emigration is unknown,
but it probably includes a combination of fac-
tors. Idyll (1957) stated that temperature is
responsible, but Lindner and Anderson (1956) re-
ported that the offshore migration of I.
setiferus in Louisiana cannot be temperature-
related because movement occurs well in advance
of any appreciable drop in temperature. They
suggested that the offshore movement is related
to the shrimp®s Ilapproach of adulthood and
spawning,” and that it is accelerated by lower-
ing temperatures. Joyce (1965) stated that size
alone or stage of maturation appears responsible
for the emigration and that lowering temperatures
hasten the offshore movement.

The number of shrimp in South Carolina estu-
aries during the winter appears to be dependent
upon the severity of the winters; relatively high
numbers remain in the estuaries during mild win-
ters. Williams (1960) found that low tempera-
tures (~8.8 °C) interfered with the osmoregula-
tory abilities of P. aztecus and P. duorarum,
and Gunter et al. (1974) stated that P. varians,
P. aztecus, P. duorarum, and Leander serratus
tolerate low-salinities better at high temper-
atures. The same appears to be true for P.
setiferus in South Carolina estuaries and-
probably 1is at least partially responsible for
the shrimp®s overwintering patterns.

The relationships of salinity and/or temp-
erature to the growth and distribution of shrimp
has been the subject of many papers (Copeland
and Bechtel 1974; Gunter et al. 1964; Gunter and
Hildebrand 1954; Harris 1974; Panikkar 1951,
1969; St. Amant et al. 1966; Williams 1965;
Zein-Eldin and Griffith 1969). Viosca (1920)
first implied a relationship between salinity
and size of P. setiferus. Weymouth et al. (1933)
mention this-relationship more directly, and
Gunter (1961) discusses the size of estuarine
organisms in general with respect to salinity.
Our findings agree with their statements that the
smaller shrimp are found at lower salinities and
that larger shrimp are found in higher salinities
(Fig. 14). More recently Gunter et al. (1964)
discussed the salinity preferences on the
commercial shrimp (genus Penseus). They presented
data which showed that juvenile white shrimp rang-
ing in total length from "15 to 100 mm and longer™
are most abundant in waters of salinities less
than 10 osoo in Alabama and Texas Bays and stated
that salinity per se was responsible for the ob-
served distribution. In Caminada Bay, Louisiana,
Crowe (1975) obtained results for P. setiferus
similar to those of Gunter et al. (1964). The
data presented in this report do not necessarily
support findings of Gunter et al. (1964). During
our two-year study, only 22% of the catch of P.
~etiferus was obtained in salinities <9 o/oo ~

even though waters in this salinity range

received nearly 28% of the trawling effort. White
shrimp were abundant in the North Edisto estuary,
with an average catch of 153 shrimp per tow
(Appendix 2), zet salinities were never recorded
at the 0.5-10 oo "optimum"™ of these other inves-
tigators. We obtained a fairly even percentage
distribution of the summed cpue in relation to
saainity: the percent of tge summed cpue below

9 ,oo wgs 31; from 9-20.9 lao, 35; and from
21-29.9 lao, 29 (see Fig. 14). Thus white shrimp
in South Carolina do not necessarily show a
preference for salinities <10 osoo, and there-
fore, "salinity per ee""does not seem to be the
primary factor governing their distribution as sug-
gested by Gunter et al. (1964) for P. setiferus in
northern Gulf of Mexico waters. ~

Gunter et al. (1964) did not give the mean
sizes of shrimp caught in various salinity ranges,
but the shrimp caught in our study are probably
larger. This may partially account for the appar-
ent discrepancy because smaller shrimp are more
numerous than larger ones. In our study, only 1.3%
of the 16,000 shrimp measured were <53 mm total
length.

Our sampling was restricted to open waters,
and open waters as well as nearshore areas were
sampled by investigators mentioned in the report
by Gunter et aL, Loesch (1965) found "Thousands of
whites in a band no more than 6 ft. wide along
edge from 0 - 12" deep" 1in Mobile Bay, Alabama,
and obtained length modes of less than 25 mm by
sampling the edge with a minnow seine. No modal
lengths of less than 70 romwere obtained from his
open water stations in Mobile Bay (Loesch 1965).
In Georgia, modal lengths of the first new-crop
white shrimp caught by seine in the upper creeks
and marshes was 33 mm, but that of the initial
white shrimp caught by trawl in the rivers and
sounds was 78 mm. These shrimp were Tfirst cap-
tured by seine in June and by trawl in July
(Harris 1974). Williams (1955) observed that num-
bers of juvenile shrimp in Core Sound, North
Carolina, are enormous on the sand and clay shoals
vegetated with Diplanthera wrightii and Zostera
marina, but that on unvegetated shoals and in the
deeper portions of the sound, the numbers of
juvenile shrimp are almost nonexistent. Giles and
Zamora (1974) found juvenile P. setiferus (51-70 mm
total length) to significantly prefer a substrate
of Spartina alteroiflora "planted in an upright
position” to one of shell and sand, and suggested
that this preference may serve as a defense against
predation and be related to food availability.
George (1974) reported that 10-15 mm Metapenaeus
monocergs primarily ingest planktonic crustaceans,
that 15-50 mm shrimp primarily consume detritus,
and that animal matter was the most important com-
ponent of the diet for shrimp greater than 50 mm.
Thus it appears that small white shrimp (15-70 rom)
primarily occupy the shallow edges of the estuaries
where cover and preferred foods are available.

This would account for the paucity of small shrimp
in our samples because only 3.1% of our trawl tows
were made in waters less than 3 m deep and none
were made in waters of less than one meter.

Differences between Gunter et al. and our
findings should not be due to our gear biasly
undersampling small shrimp or lack of sampling in
low salinity waters. The otter trawl used in our
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study had one-inch stretch mesh (trawls mentioned
in the paper by Gunter et al. had 0.25, 1.5, and
1.75 inch stretch mesh) and on several occasions
captured literally thousands of grass shrimp
(Palaemonetes sp.) ranging in total length from
20-35 mm. This indicates that our trawl should
have been at least as effective in catching
small penaeid shrimp as trawls used to catch
shrimp analyzed by Gunter et alL, (1964).

About 28% of our total monthly trawl effort
occurred in waters of <10 osoo S.

If our data are analyzed as percent of the
summed cpue in relation to season (fig. 15).
then salinity, percent of the summed cpue, and
size are observed to have an interrelationship
which gives credence to the statement by Gunter
et al~rthat white shrimp "select" salinities
<10 soo. During summer, the small, newly
recruited white shrimp were found in salinities
<9 osoo (Fig. 15). As the season progressed
into fall, new-crop white shrimp were still
being recruited and high cpue were obtained in
salinities <9 orsoo., but cpue were high in
salinities >9 osoo also. Thus, it appears
that the younger shrimp primarily occupy the
lesser salinities aE suggested by Gunter
(1961), and as they grow, move to higher sali-
nities. The cpue was hiBh in nearly all sali-
nities between 3 and 30 soo in fall when the
white shrimp are at their peak abundance in the
estuary. In summary, the distribution of white
shrimp in South Carolina estuaries does not
appear to b~ affected by salinity per se, but
rather by a combination of factors including
salinity, season, geographic area, and shrimp
size.

Weymouth et alL. (1933) were first to
clearly state that generally larger shrimp were
obtained from the higher salinities. Gunter
(1945, 1950) also noticed this relation. More
recently, Brusher and Ogren (1976) suggested
that the more nearly oceanic conditions of
lower St. Andrews Bay, Florida, may "induce"
shrimps of the genus Penaeus to remain in the

estuary for longer periods of time. Consequently,

shrimp in St. Andrews Bay grow to a larger size
compared to shrimp in other estuaries of the
northern Gulf (Brusher and Ogren 1976). The
high salinities of the North Edisto estuary
appear to provide a favorable environment for
the larger white shrimp (Fig. 13). The mean
total length of shrimp from the North Edisto was
110 mm, while that of shrimp from the Cooper
River-Charleston Harbor and the South Edisto was
88 and 93 rom, respectively. Mean size during
periods of emigration was also larger for white

shrimp in the North Edisto (Fig. 13). Whether the
larger size of white shrimp in the North Edisto is
due to fast growth or a longer estuarine residence

time as suggested by Brusher and Ogren (1976) is
unknown, but high salinity is believed to be an
influence.

That P. setiferus is eurythermal is well sup-
ported by the data (Fig. 17). The largest numbers
of shrimp, 12,779 and 25,997, were caught in waters
with temperature ranges of 15.0-17.9 and 27.0-29.9
DC, respectively (Appendix 3). These maxima are a
reflection of the timing of the shrimp®s life cycle

and the warm December in 1973.

Postlarval white shrimp enter the estuaries in
late spring-early summer and exit as subadults dur-
ing fall. Therefore, it was expected that the
largest numbers of white shrimp would be caught at
the time the waters were warmest. This was found to
be true (Fig. 18). Variations in water temperature
throughout the estuaries during any sampling period
were small (Fig. 4); therefore, the shrimp had a
limited "choice" of temperatures at any given time.
This w~s most obvious in the summer (Fig. 18) when
temperature for June, July, and August 1973 and
1974, varied only 25.0 to 29.8 DC. About 97% of
the summer-caught shrimp were obtained in 27.0-

29.9 °c waters, but this temperature range was
recorded for only 72% of the trawl tows (Appendix
3). Therefore, shrimp may prefer the higher tem-
perature waters or may be more available to the
trawl at higher temperatures.

The movement of shrimp in the fall to offshore
waters is hastened by decreasing temperatures
(Joyce 1965). This movement, in part, may be due
to osmoregulatory problems that shrimp experience
in reduced salinities at low temperatures (see
Williams 1960). The cpue were greater in the
higher temperature waters in the fall (Appendix 3)
and relatively high at all salinities (Appendix 1).
In winter, however, the cpue were relatively high
only in the warmer waters b>12.0 DC) and in salin-
ities of 9-15 osoo and 24 /oo (Appendices I, 3).
Panikkar (1951) cites evidence of estuarine organ-
isms "preferring"” high salinities during winter
conditions.

The mean lengths of shrimp show no consistent
trend with increasing temperatures (Fig. 17). The
largest shrimp, 121 mm mean total length, were
caught in 21.0-23.9 °c waters and accounted for
9.5% of all . setiferus caught during intensive
sampling. Shrimp of this size were caught in the
fall and spring (Fig. 13). In the spring, when
estuary waters begin to warm, the large shrimp
apparently move from offshore waters into the estu-
ary as reported in Viosca (1920) and Williams (1955),
or the population of overwintering shrimp grOw to
subadult size. Whether the major portion of the
large spring-caught shrimp are derived from the over-
wintering population or from an immigrating offshore
population is unknown.

Growth of white shrimp was rapid during summer
of 1973. From July to August, mean length increases
were 25, 34, and 27 romfor shrimp in the Cooper River-
Charleston Harbor, North Edisto, and South Edisto,
respectively. Thus, the per day length increase f0-~I
shrimp in all three estuaries was about one romday
Emigration, recruitment of small shrimp, and decreased
growth rates of the larger shrimp probably account for
the smaller increases in mean length increases after
September 1973 (Fig. 13).

The maximum apparent growth rate for white
shrimp in South Carolina estuaries, about 30 mp
month -1, compares favorably with estimated growth
rates from other areas. On the Texas coast,

Gunter (1950) estimated that white shrimp grew at
rates of 25 to 40 mm month -1. Loesch (1965)
estimated monthly growth rates in Mobile Bay, Ala-
bama, to be 12-27 romduring winter and 18-31 romin
summer. He stated, however, that very young
shrimp ~ay grow to 65 romin one month during sum-
mer. Along the northeast coast of Florida,
Johnson and Fielding (1956) obtained growth rates

78



of 50 mm in 24 days in extensive culture pond
conditions, and Joyce (1965) estimated that wildi
Juvenile whites grow an average of 35 mm month -
Williams (1955) estimated growth rates of white
shrimp in North Carolina to be about 36 mm
month-1 in the summer.

Over 20.000 white shrimp were sexed during
the study, and sex ratios favored female shrimp
(Table 28). Of the total, 11.680 or 57% were
females (Table 28). Pullen and Trent (1969)
found that 55% of the white shrimp emigrating
from Galveston Bay, Texas, were females, but this
was not a significant difference. Harris (1974)
found that in June, 70% of the trawl-caught
P. setiferus in creeks and sounds were females.
Farfante (1969) observed considerable variation
of sex ratios around 1:1 and has examined
catches comprised entirely of a single sex.
Therefore, this sex ratio is not considered un-
usual.

White shrimp are generally considered diurnal
animals (Farfante 1969, Joyce 1965), but diel data
from 25-hr stations do not show this to be true
(Table 44). In fact, more white shrimp were
caught per tow during night than day. Wickham and
Minkler (1975) observed white shrimp in aquaria,
and after the first day, found them to be active
at all times regardless of the light regime.
Clark and Caillouet (1975), however, caught signi-
ficantly more white shrimp during the day than at
night. Dugas (1975) obtained no consistent day-
night catch trends for P. setiferus in Vermillion
Bay, Louisiana, but Joyce (1965) caught 85% of
8,480 white shrimp during the day with equal day
and night sampling in inshore waters. At
Joyce"s offshore stations, only 57.6% of the
white shrimp were caught during daylight.

White shrimp were most ~bundant in the central
region of the South Carolina coast (Table 5).
Mean cpue for the northern, central, and southern
regions were 141, 334, and 78 shrimp, respectively.
The Cooper River-Charleston Harbor estuary is in
the central region, and the North and South Edisto
estuaries are between the central and southern
regions. In the Cooper River-Charleston Harbor,
over 319 white shrimp were caught per tow (Table
26), and in the North and South Edisto estuaries,
an average of 129 shrimp were caught. Thus it
appears that the most productive estuarine areas
of the state for white shrimp may be the central
region with productivity decreasing both south
and north of this region.

Overall, the general biology of the white
shrimp in South Carolina waters was found to
differ little from that of white shrimp in
Louisiana (Gaidry and White 1973), northeast
Florida (Joyce 1965), Georgia (Harris 1974), or
North Carolina (Williams 1955).

Penaeus aztecus lves

Postlarval brown shrimp first begin entering
the estuaries in South Carolina in January with
maximum numbers occurring in February and March
(Bearden 1961; Charles Boardman. personal communi-
cation. 03 October 1975). Juvenile brown shrimp
were fFirst caught in the trawl in substantial
numbers in June. Nearly 93% of the 4,191 brown
shrimp caught in the estuaries intensively sampled
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were caught in June and July, and 6% of the total
were caught in August 1974 (Tables 18, 22).
Assuming that the majority of the brown shrimp
captured in June first entered the estuary in mid-
February, then mean growth rates can be inferred.
Postlarval brown shrimp range in length from 9-12
mm (Bearden 1961) and the mean length of the June-
caught brown shrimp was 96 romin 1973 and 84 mm in
1974. Thus. the mean inferred growth rates from
mid-February to the end of May are 0.8 and 0.7 mm
day -1 for 1973 and 1974, respectively. The mean
length increase during June 1973 was 0.2 mm day -1
and ~~ose for June and July 1974 were 0.6 and 0.4 mm
day ,respectively. The lower rates of length
increases in June and July were probably due to
emigration of the larger individuals so that while
the length of "the overall population is increasing,
the rate of the increase appears to be depressed.

Other field investigations have obtained
higher growth rates. Loesch (1965) sampled the
shrimp population in all areas of Mobile Bay,
Alabama, by several methods and caught brown
shrimp as small as 15 romwithout the use of a
plankton net. He estimated juvenile browns (20 mm
total length) to grow 1.7 mm day- in spring, and
juvenile and subadults to grow about 0.8 - 1.4 mm
day-1 during summer. St. Amant et al. (1966) sug-
gested tha~ljuvenile brown shrimp grow less than
1.0 mo day when water temperatures are less than
25 °C._ITheir highest estimated growth rate was 2.5
mm day ,and they found no obvious growth in
waters less than 16 °e. Ringo (1965) estimated in
Galveston Bay. Texas~Ithat juvenile browns grew
less than 0.1 mm day when water temperatures were
less tha~ 20°C, but that growth increased to 1.7
mm day - when water temperatuEis exceeded 20°C.
A maximum growth of 3.3 mm day was attained when
water temperature reached 25 °c. Whi~e (1975)
reported a growth rate of 1.3 mm day- for K.
aztecus in Barataria Bay, Louisiana, but found this
rate to be much less during years of low salinities,
i.e., less than 12 osoo. An_increase in total
length of 1.7 and 1.4 mm day was obtained by
Williams (1955) and McCoy (1968), respectively, for
P. aztecus in North Carolina estuaries. Rose et
al. (1975) estimated summer growth of juvenile
bro~ shrimp (25-90 mm total length) to be 1.3 mm
day and that for sUbad~lts (90-140 romtotal
length) to be 0.5 mm day in a Louisiana salt-
marsh impoundment in which predator and competitor
control was practiced.

The somewhat lower growth rate estimated for
P. aztecus in South Carolina probably results from
the methods used to infer growth. In this study,
the estuaries were sampled at the beginning of each
month, and the juvenile brown shrimp could have
occupied the trawl sites for as long as four weeks
before detection in the first week of June. Also
mean lengths were used to obtain growth rates
rather than the length increases of the largest
individuals caught, a procedure used in some other
studies (Ringo 1965, Williams 1955). Therefore,_It
is believed that a growth rate of 0.7-0.8 mm day
for brown shrimp ~n South Carolina is a conservative
estimate.

Sex ratios favored female shrimp (Table 28).
Renfro and Brusher (1963) and Joyce (1965)
obtained a 1:1 ratio for K. aztecus in offshore
waters. In inshore waters, however, Joyce



obtained a male:female ratio of 0.81:1.00. Of
the 3,184 brown shrimp which were sexed in this
study, 60% were females.

Brown shrimp are reported to be nocturnally
active (Farfante 1969; Wickham and Minkler 1975:
Williams 1958, 1965). Because of this behavior,
brown shrimp are fished primarily at night on
the Gulf coast (Gunter 1950: Viosca 1957), but
this is not necessarily so off the South
Carolina coast (Richard K. Keiser, Jr. personal
communication, 30 October 197j). In North
Carolina, McCoy (1972) readily caught brown
shrimp in the early morning daylight hours.
Differences between our diurnal and nocturnal
trawl catches for brown shrimp are not conclu-
sive. On a catch per unit effort basis, only
43% of the browns were caught during night
sampling (Table 44), but brown shrimp were
caught only during three of the 25-hr stations
(Table 42). In a 24-hr period in Vermilion
Bay, Louisiana, 90% of 324 P. aztecus were caught
at night (Dugas 1975). In ~ortheast Florida,
Joyce (1965) sampled the inshore and offshore
waters equally during the day and night. Day
samples accounted for 71% of 1,648 brown
shrimp caught inshore and 51.2% of 1,221 shrimp
caught offshore. Springer and Bullis (1952)
found that in the deeper offshore waters, the
day-night catch differences for brown shrimp
were not as well defined as in shallower
waters. Clark and Caillouet (1975) found no
significant day-night ca~ch differences in
turbid waters of a Texas estuary.

In this survey, nearly four times as many
shrimp were caught during maximum flood tide
than maximum ebb tide during around-the-clock
sampling (Table 43), but the data are far from
conclusive because of the small sample size
(Table 42).

A relationship between mean total length
of P. aztecus and salinity was obtained (Fig.-
20); however, the percentages of shrimp caught
within various salinities were not equal. Over
47% of the shrimp (mean length 95 rom)were
caught in waters of 24.0-26.9 oso0o0 S, and 16%
(mean total length 79 mm) were caught in waters
of 3.0-5.9 osoo S. Gunter (1950) and Williams
(1955) found an "apparent positive correlation”
between size and salinity for P. aztecus.

Parker (1970) did not report s~ch a relation-
ship, but his Figs. 4 and 5 (size distribution
of P. aztecus and salinity distributions) show
that the smaller shrimp were found in the lower
salinity waters and that the larger shrimp were
found in the higher salinity waters of Galveston
Bay, Texas in 1963. Loesch (1965) found brown
shrimp to be smaller at his inshore and near-
shore stations than those at the bay stations
and states that waters offshore (i.e., those in
Mobile Bay) were usually more saline than the
most shoreward stations.

Juvenile brown shrimp regortedly “prefer”
salinities between 10 and 20 /00 (Gunter et al.
1964). The data that they present show that more
shrimp ~ere caught per haul within these salinities
than in other salinities. In Caminada Bay,
Louisiana, Crowe (1975) caught a mean of 14.5,
44.5, and 78.5 juvenile R. aztecus pea tow in
salinities of 0-10, 11-20, and 21 30 /00, respec-
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tively. Below 9.0 osr00 S, we caught 968 shrimp in
105 tows; in 9.0-20.9 oroo0, 611 shrimp ~ere caught
in 75 tows; and in 21.0-29.9 0/oo, 2,376 shrimp
were caught in 160 tows, for a mean of 9.2, 8.1,

and 14.8 brown shrimp per tow, respectively. Even
witg the increased salinity rgnge of 9.0 to nearly
21 so00, as opposed to 10-20 /00, our catch per
tow was smallest in the "preferred" salinity range
cited by others. In fact, the highest percent of
the summed cpue was obtained in salinities below
9.0 osoo0, i.e., 46.4. This high percentage was due,
however, to two trawl tows in which relatively

high numbers of shrimp were caught. Fifty-seven
percent of the 4,191 brown shrimp were caught with
42% of the trawl tows in salinities of 21.0 to

29.9 osoo, so these salinities appear to be the
most preferred by brown shrimp in South Carolina
waters. Therefore, our data and those of Crowe
(1975) do not necessarily support the conclusion

of Gunter et al. (1964) that juvenile P. aztecus
prefer waters of 10-20 osoo- Our findings

may, in part, be the result of the sampling gear and
the estuaries sampled. Salinities in the North
Edisto, where 50% of the intensively-sampled stations
were located, were seldom less than 20 0/00 (Figs. 2,
3). Also, no trawl tows were made in waters of less
than two meters in depth, and the edges of the estu-
aries were not sampled with seines or push nets.
This probably accounts for the paucity of small
shrimp «50 mm total length) caught during the two-
year study.

The distribution of brown shrimp in South
Carolina estuaries indicate that smaller shrimp are
found in the lower salinities when lower salinities
are available. In the Cooper River-Charleston
Harbor and the South Edisto estuaries, shrimp less
than 80 romtotal length were collected in 3.0-8.9
0s00 S; but in the North Edisto, the smallest shrimp
(80-90 mm total length) "were collected at salinities
from 12.0-17.9 orsoo (Fig. 21). Both the Cooper and
the South Edisto Rivers produce salinity gradients
from freshwater to nearly full strength seawater.
The North Edisto, however, has no significant fresh-
water inpgt, and only twice were salinities recorded
below 14 ,oo. Therefore, large areas of lower
salinities were not available to the juvenile in the
North Edisto estuary, but this did not appear to
affect their growth or survival. Haese (1960) con-
cluded that juvenile P. aztecus can populate areas
of high salinity if other environmental factors are
ideal, and Zein-Eldin and Griffith (1969) state that
jJuvenile penaeids are found throughout Texas estua-
ries from nearly freshwater to hypersalinity. Zein-
Eldin®s (1963) laboratory experiments on the effects
of salinity on ~. aztecus at 23-25 °c led her to
conclude that low salinity was not a requirement for
growth and survival, i.e., she obtained equal growth
and 90-100% survival for postlarvae held in 2-40 0/q0
for 30 days. Ex~mining data collected from 1962 to
1972 in the Barataria Bay area of Louisiana, Barrett
and Gillespie (1973) concluded that the salinity
optimum is about 19 0/¢0-

Only 544 brown shrimp were caught in 1973, and
mean lengths were about the same in all three estu-
aries. In 1974, over 3,600 brown shrimp were
caught and the mean total lengths of shrimp from
the North Edisto, South Edisto, and Cooper River-
Charleston Harbor estuaries were 103, 82, and 84
rom, respectively. The higher salinity waters in



the North Edisto estuary possibly create an en-
vironment more favorable for large shrimp (see
Brusher and Ogren 1976). No evidence was found
for shrimp growing larger in the North Edisto
because of a longer residence time. Over 13% of
the brown shrimp taken in the North Edisto were
caught in August 1974; 1in the South Edisto and
the Cooper River-Charleston Harbor estuaries,
comparable August catches were 8 and 0.1%, re-
spectively. The mean size of brown shrimp in
the North Edisto in 1974 was 103 mm and that

for browns without the August data was 100 mm.
Therefore  the higher August catch of brown shrimp
is not responsible for the larger mean size of
brown shrimp from the North Edisto.

The fact that brown shrimp were numerous in
August in the North Edisto estuary may be due to
lack of competition from white shrimp or that in
high salinities, brown shrimp are more competi-
tive than whites. Whatever the reason, brown
shrimp, [like whites, appear to attain a larger
size in the North Edisto estuary.

Population density of brown shrimp within
each estuary was never as high as that for white
shrimp and does not appear to be a major factor
influencing size of brown shrimp. Other studies
have reported a relationship between shrimp den-
sities and mean size. Parker (1970) found P.
aztecus as small as 41 to 55 mm total length in
the Gulf near Galveston Bay, Texas, in 1963 when
shrimp populations were large in Bay waters.

The following year when shrimp populations were
smaller, emigration did not begin until shrimp
reached a minimum size of 86 mm. Idyll, 1lversen,
and Yokel (1966) found an inverse relationship
between numbers and size of emigrating P.
duorarum  in 1963-1964. -

Water temperature (25-29.8 aC) in which 98%
of the brown shrimp were captured was Tfavorable
for their growth and osmoregulation. Zein-Eldin
and Griffith (1969) state that growth of P.
aztecus is more strongly influenced by tempera-
ture at the same salinity than by salinity at
similar temperatures. Their statement is sup-
ported by field as well as laboratory investi-
gation5. Maximum growth rat~i in the laboratory
at 25 tOO S were 1.1 mm day at 25 aC and 1.4
mm day_ at 32 aC. Almost no growth was observed
at any salinity at 11°C  (Zein-Eldin and Aldrich
1965) . Williams (1960) found that P. aztecus
osmoregulatory abilities were impaired at 8.8 aC.

Brown shrimp were not found to be uniformly
distributed over the coastal regions of South
Carolina. An average tow in the northern, cen-
tral, and southern regions of the coast produced
la, 41, and 16 shrimp, respectively (Table 5).
In the Cooper River-Charleston Harbor. North
Edisto, and the South Edisto estuarie~, a mean
of 21, 9, and 4 brown shrimp, respectively, were
caught per tow (Table 26). The paucity of brown
shrimp caught per tow is due to the fact that
large numbers of shrimp are available to the trawl
only two months of the year (Table 22). Thus, in
the extensive, quarterly sampling, sizeable catches
of brown shrimp could be expected in one-fourth of
the t:awl tows, and in the intensive sampling, in
one-s~xth of the trawl tows.

Penaeus duorarum Burkenroad
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In South Carolina, pink shrimp are captured
only occasionally. During the two years of this
study, a total of 94 R. duorarum were caught in 508
trawl tows for a cpue of 0.18. Gunter et al.
(1964) consider R. duorarum to be more halophyllic
than either R. setiferus or R. aztecus., and our
data do not contradict their statement.

Over 66% of the pink shrimp caught during the
quarterly statewide sampling came from the station
at Inlet Creek (B0O~). Salinities at this station
ave~aged nearly 30 /00 and were never less than
23 s00 (Table 3). Over 86% of the pink shrimp
taken from the three intensively-sampled estuaries
were caught in the high-salinity North Edisto
estuary (Fig. 3). The nearest pink shrimp fishery
to South Carolina is in North Carolina, where pink
shrimp replace the white shrimp as the prominent
species fished in the fall (Williams 1955).

Estuarine Catches Jip Relation 1o Commercial Catches

The catch data used for comparisons were stan-
dardized as much as possible by comparing total
catch data from the intensive phase of the Estuarine
Survey (Cooper River-Charleston Harbor, North
Edisto, and South Edisto catches) to commercial
landings data from the central portion of the South
Carolina coast, i.e., Charleston County. Charleston
Harbor and North Edisto estuaries are wholly within,
and the South Edisto River is the southern boundry
of, Charleston County.

The penaeid catch of the Estuarine Survey re-
flected the year-to-year change in volume of the
combined commercial catch of white and brown shrimp
and that of white shrimp alone. The 1973 penaeid
catch comprise 52-53% of the 1973-1974 total and
the 1973 catch of white shrimp accounts for 54.5%
of the 1973-1974 total (Table 45). The Estuarine
Survey catch did not reflect the year-to-year dif-
ference in commercial catch of brown shrimp. In
1973 and 1974, brown shrimp comprise 23 and 31% of
the commercial landings, and 2.0 and 9.2% of the
Estuarine Survey catch, respectively. The 1973:
1974 brown shrimp ratio is 1.0:1.2 for the commer-
cial landings, and that for the Estuarine Survey
(intensive phase) is 1.0:4.2. Because the Estua-
rine Survey catches of brown shrimp were not indi-
cative of the commercial catches, the ratio of
browns to whites 1is not proportional. The brown:
white shrimp ratio for the 1973-1974 South
Carolina commercial landings (Charleston County)
is 1.0:2.7, and that for the Estuarine Survey is
1.0"7.6.

Brown shrimp were caught by the Estuarine
Survey almost exclusively in June and July in the
estuaries and by the commercial fishery offshore
from June through August (unpublished data, Statis-
tics Section, South Carolina Marine Resources
Division). If the brown shrimp catches during
June and July in the intensively-sampled estuaries
are compared with those of the July and August com-
mercial catches (Table 46), then the ratios are
equal . The brown:white shrimp ratio in the June-
July 1973 and 1974 penaeid catches 1in the inten-
sively-sampled estuaries is 1.0:0.4, while that of
the July-August 1973 and 1974 commercial penaeid

catches 1is 1.0:0.4. Thus, there appears to be a
month lag between the estuarine penaeid catches
and the offshore commercial landings. It is



82
Table 45. Landings (kg) of Penaeus setiferus and Penaeus aztecus from the South
Carolina commercial fishery and from the intensively-investigated
estuaries from February 1973 through January 1975.
February 1973 February 1974 Two-year Catch
through through for
January 1974 January 1975 Each Species
Cooper River-Charleston Harbor,
North Edisto, and South Edisto
Penaeus setiferus 271.8 927 2 499.0
Penaeus aztecus 544 2249 28.3
Total Catch for Year 2772 250.1
South Carolina Commercial
Landings *
Penaeus setiferus 1,460,078.4  1,223,309.5 2,880,300
Penaeus aztecus 452,180.0 554,209.4 1,006,389.4
Total Catch for Year 1 912,258 .4 1;7%7.518.9

* Landings of shrimp in January 1974 and January 1975 were zero, so catches
are representative of calendar year.




Table 46. Landings (kg) of Penaeus setiferus and Penaeus aztecus from the South
Carolina commercial shrimp fishery in July and August of 1973 and 1974
and from the intensively-sampled estuaries in June and July of 1973
and 1974.

Two-month
Penaeus setiferus Penaeus aztecus Catch for Year
Cooper River-Charleston
Harbor, North Edisto,
and South Edisto
June-July 1973 3.1 4.6 Lol
June-July 1974 6.6 _19.8 26.4
Species Total Catch 9 T 24 .4 3.1
South Carolina Commercial
Landings
July-August 1973 164,065.0 340,436.4 504,501.4
July-August 1974 159,845.8 486,896.9 646,742.7

Species Total Catch 323,910.8 827,333.3 1,151,244.1




assumed that both brown and white shrimp are
equally vulnerable to the trawl both inshore and
offshore, and that the trawls used in this study
and those used by the commercial fishermen are
equally selective.

Several circumstances may account for the
observed differences between the composition of
the species landed in the intensively-sampled
estuaries and the commercial fishery. White
shrimp were numerous in the estuaries in nearly
all months and are more typical of estuarine
fauna than are brown shrimp. The white-shrimp
catch ratios, however, were similar between the
Estuarine Survey and the commercial landings, so
it is believed that the estuarine white shrimp
catches were indicative of the true population.
Brown shrimp were caught in the estuaries almost
exclusively during June and July. Commercial
offshore landings of brown shrimp began as early
as June and tapered off in August-September
(South Carolina Landings), so they were fished
commercially for about four months. It is be-
lieved. therefore, that trawling in the estu-
aries undersampled brown shrimp populations.

The commercial penaeid catch is probably a more
accurate representation of the species abundance
in South Carolina waters.

Pepnaeid Shrimp Productivity in South
Carolina Estuaries

Of the three estuaries sampled monthly, the
Cooper River-Charleston Harbor estuary was found
to yield more shrimp per unit area in both number
and biomass (Tables 24, 25). Nearly twice as
many shrimp by numbers were caught in the Cooper
River-Charleston Harbor as in the next most pro-
ductive estuary, the North Edisto. The South
Edisto was the least productive of the three, but
its mean catch per trawl tow should not be as low
as that in Table 24, i.e., 90. During the two
years of sampling in the South Edisto, salinities
recorded at the most inland station (0001) were
never above 1 osoo and only four shrimp were
caught. Because of the low catch and consistent-
ly low salinities. data from this station are not
considered to be indicative of shrimp populations
in the estuary. Therefore. a catch-per-unit-
effort for the South Edisto should be based upon
data from the three seaward-most stations only.
This results in a mean catch per trawl tow in the
South Edisto of 121 shrimp.

The exact function that estuaries serve in
the production and perpetuation of the shrimp i
unknown, but it is believed that estuaries are
essential for major shrimp resources (Kutkuhn
1966). Post larval and young juvenile shrimp can
survive and grow in full strength seawater (Hoese
1960, Zein-Eldin 1963). but commercial landings
of shrimp are largest in states with large estua-
rine areas (St. Amant 1973). Within these estua-
rine areas, production of shrimp varies annually
and geographically and man®s alterations in the
estuary are known to affect distribution of
shrimp. Burkenroad (1934) noted that the “peri-
fluvial area investigated seems to support a more
concentrated population than the coast to east or
west.wad does.. We obtained highest numbers of
shrimp per trawl tow in the Cooper River-
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Charleston Harbor estuary (Table 26). Mock (1967)
and Trent et al. (1976) found higher concentrations
of shrimp in or nearer areas of unaltered marsh or
estuary than in adjacent altered areas. Thus,
there seem to be conditions which are favorable to
higher shrimp concentrations and production.

Shrimp are known consumers of detritus (Darnell
1958. Eldred et al. 1961, George 1974, Williams
1955), and most of the detritus in estuaries Iis
produced in adjacent marshes (Teal 1962, Day et al.
1973). Salt marshes are among the most productive
natural areas on Earth (Odum 1971) and the nutrient
input from rivers is partly responsible for the
high productivity (see Gunter 1967, Ho and Barrett
1975). Thus large areas of marsh and estuary with
substantial land runoff are conducive for good
shrimp production. Also important. however, is the
amount of the marsh-open water interaction, 1i.e.,
the length of shoreline. Kutkuhn (1966) reported
that it is the shoreline zone and transitional
marsh area that are sought by the young shrimp dur-
ing the earliest stages of their estuarine exist-
ence. Loesch®"s (1965) findings substantiate
Kutkuhn"s statement.

In an attempt to explain the observed differ-
ences among catches in the Cooper River-Charleston
Harbor, North Edisto. and South Edisto estuaries,
selected characters of each estuary were assessed
and compared within and between estuaries. The
amount of freshwater input, area of surrounding
marsh, area of open water, and the length of the
shoreline for each estuary were compiled from maps
of the Environmental Evaluation Section, Office of
Conservation and Management of the South Carolina
Wildlife and Marine Resources Department (Table
47). The length of shoreline and the area of open
water and marsh of each estuary were measured from
the mouth of the estuary to the upper limit of
brackish marsh. Brackish marsh is considered as
that marsh in which Juncus roemerianus, Scripus
robustus. and (or) Spartina cynosuroides are the
dominate vegetation. The shoreline, open water,
and marsh acreage of the Ashley and Wando Rivers
were included with the data for the Cooper River-
Charleston Harbor estuary.

The area of marsh and open water are greatest
for the Cooper River-Charleston Harbor, but the
North Edisto"s shoreline is about 180 km longer
than that of the Cooper River-Charleston Harbor
estuary. Extensive mudflats exist in the North
Edisto at low tide, and the effective shoreline
may be somewhat less than the 792 km value given in
Table 47.

No obvious relationships between the amount of
shrimp caught per trawl tow and the ratios of the
areas of brackish marsh to saltmarsh, total marsh
to open water, total marsh to length of shoreline,
area of open water to length of shoreline. or area
of open water plus total marsh to length of
shoreline were found. Ratios of the area of brack-
ish marsh, salt marsh, total marsh. open water. and
open water plus total marsh between the Cooper
River-Charleston Harbor estuary and the North
Edisto or South Edisto estuaries also showed no
consistent relationship with the shrimp catch
(Table 48).

Adding to the complexities is the fact that
all three of the intensively sampled estuaries
differ from one another. The Cooper River-
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Charleston Harbor estuary and the South Edisto
estuary both have substantial freshwater input.
Two major man-made lakes (Lakes Marion and
Moultrie), as well as aU. S. Navy Base, are
located on the Cooper River, and the City of
Charleston is situated at the confluence of the
Ashley and Cooper Rivers. The North Edisto
receives little freshwater input, and no munic-
ipalities are located nearby. The effects of
these factors on shrimp production are unknown
and may be impossible to assess.

The Cooper River-Charleston Harbor and the
North Edisto estuaries have approximately the
same amount of marsh, open water, and shoreline
(Table 47) but the freshwater input differs
greatly. If freshwater input alone were respon-
sible. then there should not have been more
shrimp in the North Edisto (on a cpue basis) than
in the South Edisto as was observed. So the ob-
served shrimp densities probably result from
several direct and indirect complex interactions.
Thus it may be that if the North Edisto received
a substantial amount of freshwater, it would be
more productive; or if Charleston Harbor received
less freshwater. its shrimp production might
decrease.
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