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The Macrofauna of the Surf Zone Off Folly Beach, 
South Carolina I 

WILLIAMD. A DER 0 , JR.,'JAME K. DIA~, ROBERT K. DI 
DAVID M . CUPKA,5 and ORMA T A. HA)'1BERLAI. 

ABSTRACT 

A seining survey of the macrofauna of the surf zone at Folly Beach, ChariI' ton Count~, s.( ., "a 
conducted from October 1969 to October 1971. Eighty-seven collections" ere made in the ,urf and 
associated tidal pool resulting in the capture of 512 specimens of swimming inHrtebrate, repr '''enllng 
at least 17 species and 5,095 specimens of bony fishes representing 41 pecie. 

The data obtained are analyzed on seasonal and yearly bases for total "eight. and numb"r, of 
species and specimens. Species are ranked as to importance; and prediction equation, for monthl 
average number of specimens per collection in the surf, based on environmental \aralbll", ar~ 
developed. Length-frequency data and other aspects of the biology of selected specie are pn·'t'ntl'd. 
Length-length and length-weight relationships are given for certain species. Recommendation, for 
the improvement of the methodology for similar surveys are made. 

INTRODUCTION 

Although the taxonomy of the fishes and many of the 
larger invertebrates inhabiting the inshore waters and es­
tuaries of South Carolina is reasonably well known, the 
life histories of many of these species are incompletely 
known-data on the larvae and juveniles and on the 
ea onal variations and fluctuations of populations being 

especially limited. This study was initiated with the in­
tent of filling part of this gap in our knowledge of the surf 
zone. 

In several studies since 1940, the ichthyofauna of the 
surf zone has been surveyed along the Gulf al,d Atlantic 
coasts of the United States [e.g., Gunter (1945,1958) and 
McFarland (1963) in Texas; Springer and Woodburn 
(1960) in the Tampa Bay area; Miller and Jorgenson 
(1969) and Dahlberg (1972) in Georgia; Cupka (1972) in 
South Carolina; Tagatz and Dudley (1961) in North 
Carolina; and Schaefer (1967) in New York], but to our 
knowledge no surveys have been conducted on a regular 
year-around basis north of North Carolina in the urf 
zone of unprotected beaches. 

Of the many shore habitats, the surf zone of expo ed 
beache has been least studied. Part of the paucity of 
data on the surf zone is certainly due to the difficulties 
inherent in collecting in it. It i unfortunate that our 
knowledge of thi environment i 0 meager becau e this 
rather extensive and physically well-defined habitat i 
not only economically important as a recreational area 
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for port fi hermen, but al. 0 i. significant a nu rJ 
grounds for certain commercial and port specil' lIch 
the pompano, Trachinotw pp., mullet, Mugll pp, 
and Gulf kingfish, Menticirrhu littoralLS. ther p I 
inhabiting the. urf undoubtedly prey upon r form a 
ignificant part of the diet of a number of c<onomic II 

important specie,. In order to adequately lind r tand th 
ecology of the urf zone, ba,ic data on the l mp It I n 
and seasonal variation and fluctuation. of populatl n 
of both resident and transient pecic ar n ce n 
W'th the precedmg in mind. a 2-yr biw eklv mm ur 
\ 'y was initiated at Folly Beach in ktoh r 1 9 A h rt 
abstract of the fir t year of this tudy wn pr nt d b\ 
Ander on et al. (1971). 

DESCRIPTION OFTHE T TIO • 

• 



one collection to the next. On several occasions it was 
limited to a small pool at the seaward end of one (or of 
each) groin and on others was a very lon~ trough in excess 
of 200 m in length. Because the groins (of timher pilings) 
were well covered with encrusting invertehrates and 
because the currents tended to scour out the areag at the 
seaward ends of the groins, these man-made structures 
acted as unnatural foci for the concentration of motile 
animals. Despite this the presence of the groins affected 
only the catch in the tidal pool, hecause at the time. we 
made the surf collections the tide had receded heyond 
the groins. 

The minimum and maximum water temperature oh­
served were: surf, 6.4° and 28.6°(': tidal pool, :l.7° and 
268°C. The salinities in the surf ranged from 23 2 to 
35.0%0; those in the tidal pool, from 25.8 to :1:'1.1 %

0 , 

(For data on temperature and salinity, see Tahles 1 and 
2.) The lowest salinities were recorded after hpav . local 
rains. Because the collections were made near the time of 
predicted low water, the maximum diluting effect of the 
groundwater wa manifest. 

MATERIALS AND METHODS 

Collecting and Handling Specimens and Data 

Collections were made by eine at appm Imately 
biweekly intervals (from 11 October 1969 to 10 Oct be 
1971) in the surf and tidal pool (when pre:ent) near the 
time of predicted low water. All except three of the 
collections were made in the morning (0500-1130 E Tl. 
The time required to make a collection varied from 5 to 
40 min (i = 15.4) in the urf and from 1 to 25 min (i = 

10.3) in the tidal pool. 
The surf was seined with a 19.8- by 1.8-m, 9-mm 

stretch-mesh nylon bag seine with bag opening of I, m 
in diameter and length of 1.8 m. Initially, the tidal-pool 
collections were made with the 19.8-m eine-later 
(because of ease of handling) with a 7.1- by 1.6-m, 9-mm 
stretch-mesh nylon bag seine with bag opening of 1. m 
in diameter and length of 1.8 m. Except when beaching 
and when collecting in the tidal pool was re tricted to 
small pools at the groins, the seines were pulled parallel 
to the beach. 

In the surf, the seine was pulled approximately 185 m, 
the distance between the groins. During almost all of the 
first year, two hauls, each about one-half the distance 
between the groins, were made-the first haul starting 
opposite one groin, the second terminating opposite the 
other. Later each surf collection was made with a single 
tow. Generally, the seine was towed with the longshore 
current which usually ran from northeast to southwest. 
The distance seined and the number of hauls in the tidal 
pool varied with the length and configuration of t he pool, 
but never exceeded 185 m. The use of seines of different 
lengths did not affect the catch in the tidal pool because 
even the smaller seine was long enough to reach across 
the width of the pool. There were no duplicate or 
reciprocal tows in either the surf or tidal pool, i.e., a 
given area was seined only once per collecting t rip. 
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Program. 
[n thi tudv we de inC the on a folio \-: r 

.' vcmher, Decem her Fall: .J nuary, Fchrua r 
'\larch- Winter; April, ~!ay, .lun - pring; nd .Jul_ 

ugu t, eptemh r Ilmm r. 

electivityof ollecting 1ethod 

The method of collectin~ u ed in thi tudy \·a. highl 
. elective. The materi d that could be collected by einin 
was determined by the characteri tic' of the net (lengt 
l'ontiguration, and me. h . izel, certain environment 
factors, and the. peed at which the net could be pulie 
which i largely a reflection of environmental condi t ion 
In the urf the environmental factors with the greate 
effect were velocity of long hore current, condition an 
height of ea, nature of bottom, temperatu re, and tu 
bidity: in the tidal pool tho e of greate t importance we 
condition prevailing at the previou flood tide and th 
configuration of the pool it elf which wa a product of th 
conditions existing at the time of formation . 

In the surf large individua ls were not a readi! 
collected as smaller one; however, at time of low wat 
temperatures the mot ility of larger an imals was reduce 
greatly, thereby decreasing t heir chances of escapin 
capture. Individuals less than a certain critical ize ( 
function of mesh size) were not retained in the net unle 
they became en t rapped with other animals and debris i 
t he bag of the seine . 

The seine was usually pulled wi th the longshor 
current because most frequently it was impossible 
make headway against it. Even though our hauls were f 



the most part with the current, the time required to cover 
the distance between the groins varied considerably 
because of differences in current velocity. Our catch, 
then, was affected both qualitatively and quantitatively 
to unknown degrees by variations in the current. 

In the tidal pool all individuals greater than a certain 
critical size would appear to be captured with ease. 
However, experience showed that this was not the case. 
Due to the configuration of the tidal pool , particularly 
when it was in part or entirely associated with one (or 
both) of the groins, animals were seen that were not 
collected. 

RESULTS AND DISCUSSION 

Collections 

A total of 87 collections were made, 51 in the surf 
(Table 1) and 36 in the tidal pool (Table 2) . Each collec­
tion in the surf yielded at least one species of fish (1-9) 
and all but 14 at least one swimming invertebrate species 
(1-6). Twenty-eight of the 36 collections in the tidal pool 
produced at least one species of fish (1-7), but swimming 
invertebrates (one species) were obtained in only eight 
collections. The total number of species of fishes and 
swimming invertebrates varied from 1 to 13 per collec­
tion in the surf and 0 to 7 in the tidal pool. 

The number of fishes per collection in the surf varied 
from 2 to 310; the number of swimming invertebrates 
from 0 to 79. In the tidal pool the number of fishes per 
collection ranged from 0 to 759; the number of swimming 
invertebrates from 0 to 12. The total number of specimens 
of fishes and swimming invertebrates ranged from 2 to 
311 per station in the surf and 0 to 759 in the tidal pool. 

The weight of fishes per collection in the surf varied 
from 7 to 2,045 g, that of swimming invertebrates from 0 
to 655 g. The weight of fishes per collection in the tidal 
pool varied from 0 to 817 g, that of swimming in­
vertebrates from 0 to 7 g. The total weight of fishes and 
swimming invertebrates varied from 7 to 2,047 g per sta­
t ion in the surf, and from 0 to 817 g in t he tidal pool. 

Some 512 specimens of swimming invertebrates 
representing 4 phyla, 4 classes, 6 orders, 11 families, 
about 15 genera, and at least 17 species; and 5,095 
specimens of bony fishes representing 7 orders, 19 
families, 32 genera, and 41 species were collected and ex­
amined during this study. About 350 specimens 
representing at least 32 additional species of in­
vertebrates were also collected. This group of species in­
cluded nonswimming motile forms characteristic of 
calmer offshore waters, unattached bottom-dwellers of 
the surf zone (such as pelecypods and echinoderms), and 
detached offshore sessile organisms. Seventeen of these 
species (represented by 102 specimens) were collected 
only on 16 July 1971 shortly after a tropical storm passed 
near the coast of South Carolina. Because these 32 ad­
ditional species of invertebrates are not ordinarily found 
in the urf zone or are bottom-dwellers not adequately 
ampled by our method of collection , they are not con­
idered further. 
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Sixteen of the 17 specie of wimming invert hrat 
were found in the urf, but only five wer found in the 
tidal pool. early all of the pecimens (491 of 512) nd 
nearly all of t he mass of wimming invertebrate. (4,2 1 
of 4,300 g) were found in the urf. 

All 41 species of fi hes collected were found in the urf 
but only 16 appeared in the tidal pool. Approximat 1; 
54% of the specimens (2,747) were eined in the .'urf and 
about 46% (2,348) in the tidal pool. Approximatelv 74 '" 
(12,866 g) of t he ichthyomass wa caught in the su~f and 
about 26% (4,452 g) in the tidal pool. The mean weight of 
fishes from the surf was more than twice the mean weight 
of those from the tidal pool (4.68 to 1.90 g) . Larger fishe 
tend to avoid being trapped in shallow tidal pool as the 
tide ebbs, whereas smaller individuals may find refuge in 
these relatively predator-free pools. It is conceivable that 
these t ransient pools provide havens that are important 
to the survival of the fry of species such as Trachinotu;' 
carolinus and Mugil curema and to individual of most 
size ranges of Fundulus majalis and Menidia mentdIG. 
Individuals of the latter two species may eek the 'e quiet 
waters for feeding. Although one of the effect of fishes 
concentrating in a tidal pool is to make them more 
vulnerable to some piscivorous birds, the advantage. of 
temporary residence in an isolated pool (protection from 
predatory fishes and certain birds and the availability of 
food) may far outweigh this disadvantage . Of the most 
important species, the fishes Anchoa mitchilLL and Men ­
ticirrhus littoralis and the decapod crustacean Arenaew 
cribrarius were collected almost exclusively in the urf, 
while the fish Fundulus majalis was caught almo. t en­
tirely in the tidal pool. Table 3 presents summaries of 
data on collections, size ranges, total weights, tern pera· 
tu e, and salinity for fishes and Arenaeus cribrarius, and 
1able 4 presents the monthly size rpl1ge and number col­
lected per month for fishes and A. cribrarius. In both 
tables A. cribrarius is included because it was the onlv 
invertebrate species collected in sufficient number. f(;r 
analysis. Data on the other swimming invertebrate. col. 
lected are preser ted in Table 5. 

The numbers of specimens collected were quite. mall 
compared with those of some surveys. Our . mall catche 
resulted from the difficulties encountered in collecting in 
the surf and the limitations impo ed by our . ampling 
procedure (the absence of replicate tow. and collecting 
sites and the use of a small beach einel. The. imilarities 
in the two years in the compo. ition of the colle tion 
and the sea onal trend indicate that our methodology 
was adequate for giving an e timate of orne of the en­
vironmental and population parameter of the area. 

Comparisons of Yearly and Seasonal 
Abundance of Fishes 

Com pari on of number of. perie.' and ~pecirr.en and 
total weight of fi he are pre. ented in Table 6. The,e ar 
di cu ed in thi ection. In thee tion on he nah I 

Abundance of Fihe . the tatl IC of the da I\en ID 

Table 6 are examined. 
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Surf.-More pecie and more pecimens of fi he 
were caught in the surf during the econd year than in 
the fir t year, but the weight of fi he caught in the . ec­
ond year was only 60% of tho e caught in the fir t year 
(see Table 6) . A considerable portion of this difference 
was due to the capture during the first year of 20 Mugil 
cephalus with a total weight in exce s of 1.5 kg and a 
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Table 2.-List of collections made in the tidal pool (when present) during survey of Fol-
ly Beach, S .C. (Oct. 1969-0ct. 1971). F = Fish; I = Swimming inver tebrates. Plus in-
dicates incomplete data; dash indicates no data taken ; < indica tes weights of 0.5 g or 
less. 

Tempera-
tu re Salinity 

Date (OC) (%J 

1969 
11 Oct. 26.8 
18 Oct . 17.0 
16 Nov. 11.2 32.0 
2 Dec. 10.8 32.0 

17 Dec. 7.9 28.1 
1970 

2 J an. 8.0 32.5 
15 Jan. 6.2 26.2 

I Feb. 7.3 30.7 
15 Mar. 8.4 32.4 
11 May 21.6 31.6 
26 May 21.1 31.8 
9 J une 22.8 28.0 

23 J une 24 .8 28.0 
11 Ju ly 23.4 28.5 
25 J uly 26.3 32.3 
8 Aug. 24.6 30.7 
9 Sept. 24.2 29.6 

23 Sept. 25.6 28.5 
10 Oct. 24.3 31.2 
7 Nov. 14.6 31.2 

22 Nov. 14.2 31.2 
6 Dec. 10.7 29.6 

22 Dec. 14 .0 32.3 
1971 

4 Jan. 11.2 25.8 
21 Jan. 3.7 28.5 
6 Feb. 11.0 27.0 

17 Apr. 14.9 30.2 
2 May 18.0 25.8 

16 May 19.8 28.0 
30 May 18.5 29.1 
14 June 24.0 33.4 
28 June 25.1 31.2 
16 J uly 24.5 31.2 
13 Aug. 24.2 29.6 
12 Sept. 25.5 32.3 
10 Oct. 23.0 28.0 

the second year each yielded more specimens than in the 
first year, with winter and summer each being a great 
deal more productive. In each season of the fi rst year a 
greater total mass of fishes was collected than in the 
same season in the second year. 

A comparison of data for seasons for both years com­
bined shows that more species were caught in summer 
than in any other season and that diversi ty was least in 
winter. In contrast, most specimens and greatest mass 
were obtained in winter, whereas the least number of in­
dividuals and smallest mass appeared in the spring and 
fall catches, respectively. For the most part, the in­
dividual years followed the same pattern. The high diver­
sity in the warmer months was expected, but the large 
number of individuals and great mass caught during the 
winter was not anticipated. The large winter catch, 
relative to other seasons, may be due to at least two fac­
tors-motility and preferences for par tic ular 
temperature regimes. Most of the larger, faster fishes 
that were caught in cold water could have easily avoided 

No. of No. of Total 
species specimens weight (g) 

F 

6 
5 
I 
3 

I 
0 
I 
3 
6 
7 
3 
4 
2 
4 
2 
I 
3 
5 
2 
0 

3 
0 
I 
3 

I 
0 
0 
0 
0 
0 
4 
4 

5 

I F I F I 

I 130 2 365+ < 
0 14 0 38 0 
0 14 0 41 0 
I 58 12 809 
0 0 5 0 

0 5 0 22 0 
0 4 0 16 0 
0 0 0 0 0 
0 5 0 21 0 
0 76 0 268 0 
0 251 0 817 0 
0 759 0 295 0 

366 1 236 7 
73 I 215 < 
5 9 

I 159 I 239 < 
0 3 0 5 0 
0 5 0 0 
0 51 0 I 0 
0 52 0 149 0 
0 132 0 461 0 
0 0 0 0 0 
0 50 0 218 0 

0 17 0 67 0 
0 0 0 0 0 
0 I 0 < 0 
0 49 0 14 0 
0 4 0 14 0 
0 4 0 13 0 
') 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

46 73 
14 2 28 

the seine when the water was warm. Menidia menidia, 
the most abundant species, was caught over a wide range 
of temperature (6.4°-28.3°C), but was most plentiful at 
the lower end of that range, whereas Trachinotus 
carolinus and Mugil curema (two of the most common 
species of fishes) were not collected at temperatures less 
than 14.6° and 14.9°C, respectively. 

Tidal pool.-More species, more individuals, and 
greater mass of fishes were collected in the tidal pool dur­
ing the first year than in the second year (see Table 6). 
These differences appear to be largely due to chance. A 
tidal pool was present on 18 of the collecting days each 
year, but only 1 of the 18 yielded no fishes or in­
vertebrates in the first year; in contrast 7 produced no 
specimens in the second year. The absence of fishes from 
a particular collection in the tidal pool was apparently 
not entirely related to temperature because three collec­
tions which produced none were made in December, 
January, and February (water temperature: 3.7-1O.7°C) 



Table 3.-Summary data for ArenaeUII cribrariUII and fishes collected during survey of Folly Beach. S.C. (Oct. 1969-0ct. 1971). 

Number collected and Size Total Temperature Salinity 
times (in parentheses) range weight range range 

Species surf tidal pool total (mmSL) (g) (OC) (°100 ) 

Portunidae (Decapoda, Crustacea) 
Arenaeus cribrarius 417(32) 5(3) 422(35) '7-141 3,218+ 11.0-28.6 27 .5-35.0 

Elopidae 
Elops saurus 1(1) 0 1(1) 220 111 26.2 32.8 

Clupeidae 
Alosa aestivalis 22(5) 0 22(5) 42-62 29 6.4-10.9 27.7-32.8 
Brevoortia smithi 1(1) 0 1(1) 89 13 6.7 27.7 
Brevoortia tyrannus 18(3) 0 18(3) 49-99 87 6.4-9.3 27.0-31.2 
Dorosoma petenense 1(1) 0 1(1) 73 7 28.6 33.9 
Opisthonema oglinum 15(1) 0 15(1) 63-80 78 26.8 29.6 

Engraulidae 
Anchoa hepsetus 22(7) 3(1) 25(8) 36-78 70 15.3-28.6 29.6-33.9 
Anchoa mitchilli 362(29) 10(1) 372(30) 20-60 365 6.4-28.6 27.5-35.0 

Ariidae 
Arius felis 1(1) 1(1) 2(2) 229-237 347 19.0-23.4 28.0-28.5 

Cyprinodon tidae 
Cyprinodon variegatus 2(1) 2(2) 4(3) 26-32 4 9.3-11.2 25.8-32.0 
Fundulus heteroclitus 1(1) 3(1) 4(2) 25-38 3 11.4-14.6 31.2-32.9 
Fundulus majalis 3(3) 341(15) 344(18) 26-84 744 6.2-26.8 25.8-33.0 
Fundulus sp. 0 2(2) 2(2) 57 8 6.2-22.8 26.2-28.0 

Atherinidae 
Membras martinica 14(8) 0 14(8) 44-83 42 9.0-26.8 23.2-33.4 
Menidia beryl/ina 22(10) 4(4) 26(14) 46-75 53 6.4-22.8 26.4-32.9 
Menidia menidia 1,485(36) 630(18) 2,115(54) 21-89 6,226 6.4-28.3 23.2-35.0 

Pomatomidae 
Pomatomus saltatrix 2(2) 0 2(2) 93-122 38 23.8-26.7 28.0-31.2 

Carangidae 
Caranx hippos 2(2) 0 2(2) 28-34 2 26.8-28.3 29.6-35.0 
Chloroscombrus chrysurus 6(3) 0 6(3) 20-54 6 26.2-27.8 29.6-32.8 
Trachinotus carolinus 266(29) 710(13) 976(42) 12-93 1,519 14.6-28.6 27.5-35.0 
Trachinotus falcatus 7(5) 41(7) 48(12) 12-59 47 15.3-26.8 28.0-33.0 
Trachinotus goodei 4(3) 0 4(3) 

Gerreidae 
18-91 23 21.0-26.0 31.2-32.8 

Eucinostomus sp. o 1(1) 2(1) 3(2) 14-28 24.3-24.5 31.2-33.0 
Sparidae 

Archosargus probatocephalus 1(1) 0 1(1) 118 70 6.7 27.7 
Sciaenidae 

Bairdiella chrysura 1(1) 0 1(1) 93 17 15.3 32.3 
Larimus fasciatus 4(1) 0 4(1) 15-34 4 26.2 32.8 
Leiostomus xanthurus 2(2) 0 2(2) 38-102 26 21.1-21.5 28.0-31.8 
Menticirrhus littoralis 291(34) 3(2) 294(36) 19-149 843 6.7-28.6 26.4-35.0 
Menticirrhus saxatilis 3(2) 1(1) 4(3) 33-50 5 22.8-27.2 28.0-33.4 
Menticirrhus sp. 3(2) 1(1) 4(3) 27-38 2 14.6-26.2 31.2-33.0 
Pogonias cromis 1(1) 0 1(1) 328 1,228 23.8 28.0 
Stellifer lanceolatus 1(1) 0 1(1) 51 3 14.2 30.2 

Mugilidae 
Mugi/ cephalus 26(8) 47(3) 73(11) 17-328 2,426 6.4-28.3 27.0-35 .0 
Mugil curema 121(9) 545(7) 666(16) 19-130 2,709 14.9-28.6 28.0-35.0 

Scombridae 
Scomberomorus maculatus 1(1) 0 1(1) 106 11 27.4 33.4 

Triglidae 
Prionotus sp. 2(2) 0 2(2) 24-26 26.2-27.4 32.8-33.4 

Bothidae 
Paralichthys squamilentus 17(9) 2(1) 19(10) 34-115 82 15.3-27.4 27.5-33.4 
Scophthalmus aquosus 1(1) 0 1(1) 81 14 15.3 32.3 Soleidae 
Trinectes maculatus 1(1) 0 1(1) 100 45 21.5 31.8 Balistidae 
Monacanthus hispidus 6(4) 0 6(4) 16-22 2 15.3-27.0 29.1-32.3 Tetraodontidae 
Sphoeroides maculatus 5(2) 0 5(2) 14-18 2 27.2-27.8 31.5-32.8 Sphoeroides spengleri 1(1) 0 1(1) 16 <1 23.5 27.5 Diodontidae 
Chilomycterus? 2(1) 0 2(1) 12-16 27.4 33.4 

'Carapace width in millimeters. 
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Table 4.-Number collected per month (in parentheses) and size range (mm SL) for Arenaeus cribrarius and fishes collected during survey of Folly Beach, S.C. (Oct. 1969-0ct. 1971). 

Species January February March April May June July August September October November December 

Portunidae (Decapoda, Crustacea) 
Arenaeus cribrarius' 0 0 (1)28 (13)28·98 (25)17-70 (76)21-102 (57)16-140 (126)14-141 (55)7-134 (66)17-103 (3)23-79 0 

Elopidae 
Elops saurus 0 0 0 0 0 0 0 0 (1)220 0 0 0 

Clupeidae 
A losa aestiualis (15)42-55 0 (6)44-62 0 0 0 0 0 0 0 0 (1)49 
Breuoortia smithi (1)89 0 0 0 0 0 0 0 0 0 0 0 
Breuoortia tyrannus (1)83 (1)99 0 0 0 0 0 0 0 0 0 (16)49-69 
Dorosoma petenense 0 0 0 0 0 0 0 (1)73 0 0 0 0 
Opisthonema oglinum 0 0 0 0 0 0 0 (15)63-80 0 0 0 0 

Engraulidae 
Anchoa hepsetus 0 0 0 0 0 0 (8)36-58 (2)61-72 (9)56-69 (3)68-76 (3)72-78 0 
Anchoa mitchilli (5)42-46 0 (33)34-57 (13)39-51 (21)40-59 (45)42-57 (55)32-54 (4)39-46 (126)20-54 (54)32-60 (15)38-52 (1)29 

Ariidae 
Arius felis 0 0 0 0 (1)237 0 (1)229 0 0 0 0 0 

Cyprinodontidae 
Cyprinodon uariegatus (1)26 0 0 0 0 0 0 0 0 0 0 (3)30-32 
Fundulus heteroclitus 0 0 0 0 0 0 0 0 0 0 (4)25-38 0 
Fundulus majalis (5)46-67 (1)38 0 0 (9)63-84 (24)26-74 (58)26-48 (143)31-61 (44)34-62 (2)47-63 (6)49-65 (52)45-81 
Fundulus sp. (1)57 0 0 0 0 (1)57 0 0 0 0 0 0 

Atherinidae 
Membras martinica 0 (1)58 (1)44 (2)77-83 0 (2)78-80 (1)69 (2)52-54 (2)56-61 0 0 (3)48-71 
Menidia beryllina (9)52-70 (4)60-75 (3)53-62 (1)73 (2)46-63 (1)65 0 0 0 0 (2)52-61 (4)53-62 

-.J 
Menidia menidia (423)49-85 (470)51-87 (226)55-89 (58)58-82 (277)57-86 (20)21-84 (4)67-87 (1)3l (1)57 (92)51-73 (248)54-82 (295)47-83 

Pomatomidae 
Pomatomus saltatrix 0 0 0 0 0 (1)93 (1)122 0 0 0 0 0 

Carangidae 
Caranx hippos 0 0 0 0 0 0 (1)34 (1)28 0 0 0 0 
Chloroscombrus chrysurus 0 0 0 0 0 0 (1)20 (4)21-54 (1)34 0 0 0 
Trachinotus carolinus 0 0 0 (1)13 (26)14-47 (695)12-75 (59)22-90 (45)19-93 (13)14-61 (121)13-77 (16)34-69 0 
Trachinotus falcatus 0 0 0 0 0 (3)14-25 0 (1)52 (5)15-35 (38)12-59 (1)58 0 
Trachinotus goodei 0 0 0 0 0 

Gerreidae 
0 0 (1)91 0 (3)18-30 0 0 

Eucinostomus sp. 0 0 0 0 0 0 0 0 0 (3)14-28 0 0 
Sparidae 

Archosargus probatocepholus (1)ll8 0 0 0 0 0 0 0 0 0 0 0 
Sciaenidae 

Bairdiella chrysura 0 0 0 0 0 0 0 0 0 0 (1)93 0 
Larimus fasciatus 0 0 0 0 0 0 0 0 (4)15-34 0 0 0 
Leiostomus xanthurus 0 0 0 (1)38 (1)102 0 0 0 0 0 0 0 
Menticirrhus littoralis (1)60 (4)83-145 (5)60-75 (18)46-112 (1)82 (12)26-103 (57)19- 149 (54)25-104 (71)22-94 (37)22-76 (29)28-103 (5)62-102 
Menticirrhus saxatilis . 0 0 0 0 0 (4)33-50 0 0 0 0 0 0 
Menticirrhus sp. 0 0 0 0 0 0 0 0 (2)33-38 (1)27 (1)36 0 
Pogonias cromis 0 0 0 0 0 (1)328 0 0 0 0 0 0 
Stellifer lanceolatus 0 0 0 (1)51 0 0 0 0 0 0 0 0 

Mugilidae 
Mugil cephalus (17)102-229 (1)24 (2)25-26 (47)17-211 0 0 (2)175-198 0 0 0 (1)195 (3)130-328 
MugU curema 0 0 0 (2)20-21 (36)20-25 (492)19-30 (26)21-69 (9)85-100 (75)86-130 (26)20-112 0 0 

Scombridae 
Scomberomorus maculatus 0 0 0 0 0 0 (l)l06 0 0 0 0 0 

Triglidae 
Prionotus sp. 0 0 0 0 0 0 (1)26 0 (1)24 0 ' 0 0 
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and five were made in May, June, July, and August 
(water temperature: 18.5°-25.1°C). Several of the pools 
from which no specimens were collected were for the 
most part extremely shallow (0.1 m or less in depth) or 
were oriented at the seaward end of a groin in a manner 
which made it impossible to make a good seine haul. 
Considerable portions of the discrepancies in numbers 
and weights between the two years were the result of the 
capture of large numbers of small Fundulus majalis, 
Trachinotus carolinus, and Mugil curema in the tidal 
pool during the first year. 

Comparisons of seasonal catches between the two 
years show close similarities in numbers of species in all 
seasons except spring. The spring of the first year 
produced 3 times as many species as the spring of the sec­
ond year. Fall and winter of the second year each yielded 
more specimens than their counterparts of the first year, 
but spring and summer of the second year each had very 
few specimens as compared to the corresponding season 
in the first year. In each season of the first year except 
winter a greater mass of fishes was collected than in the 
same season in the second year. 

A comparison of data for seasons for both years com­
bined demonstrates that species diversity was greatest in 
fall and spring and least in winter, that number of 
specimens collected was greatest in spring and least in 
winter, and that greatest mass was obtained in fall and 
least in winter. Because the first year dominated the 
combined catch for both years, it followed essentially the 
same pattern, but the second year differed considerably. 

Surf and tidal pool combined.-When the surf and 
tidal pool were considered as a unit, the second year 
produced more species, but fewer specimens and less 
weight than the first year (see Table 6). 

Comparisons of seasonal catches between the two 
years show close similarities in numbers of species in cor­
responding seasons except summer. The summer of the 
second year produced almost a third more species than 
that of the first year. With regard to numbers of 
specimens, fall and summer of the first year were very 
similar to the same seasons in the second year, but the 
winter of the second year produced about twice as many 
individuals as that of the first year and the spring of the 
first year 6.5 times as many as that of the second year. In 
each season of the first year a greater mass of fishes was 
collected than in the same season of the second year. 

A comparison of data for seasons for both years com­
bined shows that more species were caught in summer 
than in any other season, and that diversity was less in 
fall and spring and much less in winter. The greatest 
number of specimens were collected in spring and the 
least in summer. The greatest mass appeared in winter, 
but spring produced almost as much and summer and 
fall were not far behind. The individual years followed 
different patterns of seasonal distribution. 

Comparison of surf with tidal pool.-During both 
years more species and a greater mass of fishes were 



Table 5.-Summary data for swimming invertebrates (except Arenaeus cribrarius) collected during survey of Folly Beach, S.C. (Oct. 1969-0ct. 
1971). 

Species 

Cnidaria 
Scyphozoa 

One (?) unidentified species 
(damaged) 

Mollusca 
Cephalopoda 

Lolliguncula brevis 
Annelida 

Polychaeta 
Nereis succinea 

Arthropoda 
Crustacea 

Isopoda 
Aegathoa oculata 

Decapoda 
Acetes americanus carolinae 
Callinectes ornatus 
Callinectes sapidus 
Emerita talpoida 
Emerita sp., fragment 
Ogyrides alphaerostris 
Ovalipes ocellatus 
Palaemonetes pugio 
Penaeus setiferus 
Portunus anceps 
Portunus gibbesii 
Trachypenaeus constrictus 

Stomatopoda 
Squilla empusa 
One unidentified species 

(larva) 

Number collected and 
times (in parentheses) 

surf tidal pool total 

2(2) 

1(1) 

3(2) 

1(1) 

3(1) 

o 
9(8) 
3(3) 
1(1) 
1(1) 

14(8) 
5(3) 

21(4) 
5(1) 
1(1) 
1(1) 

2(1) 

1(1) 

o 

o 

1(1) 

o 

o 
1(1) 

12(1) 
2(2) 
o 
o 
o 
o 
o 
o 
o 
o 

o 

o 

2(2) 

1(1) 

4(3) 

1(1) 

3(1) 
1(1) 

21(9) 
5(5) 
1(1) 
1(1) 

14(8) 
5(3) 

21(4) 
5(1) 
1(1) 
1(1) 

2(1) 

1(1) 

collected in the surf than in the tidal pool (see Table 6). 
In the first year more specimens were captured in the 
tidal pool than in the surf, but in the second year the op­
posite was true. Captures of large numbers of small fishes 
in the tidal pool during the spring of the first year ac-

fall 

x 

X 

X 

Season (s) collected 
winter 

x 

x 
X 
X 

X 

spring 

X 

X 
X 
X 
X 
X 

summer 

X 

X 

X 
X 
X 
X 

X 
X 
X 
X 

X 

Temperature 
range 
(OC) 

10.9-19.0 

23.5 

25.5-27.4 

28.6 

26.2 
26.3 

10.8-28.3 
19.0·26.7 

23.2 
27.2 

11.0-23.8 
6.4-26.7 
6.7-27.4 

27.4 
27.4 
24.5 

6.7 

26.7 

Salinity 
range 
(% 0) 

28.0-30.2 

27.5 

32.3-33.4 

33.9 

32.8 
32.3 

28.0-35.0 
28.0-31.2 

32.6 
32.8 

26.4-31.8 
31.2-32.1 
27.7-33.4 

33.4 
33.4 
33.0 

27.7 

31.2 

counts for most of this variation between years. 
Considering the first and second years combined, more 

,pecies, greater numbers, and a greater mass were 
collected in the surf than in the tidal pool. In the surf as 
compared with the tidal pool, species diversity was 

Table 6.-Numbers of species and specimens and total weights of fishes (in grams) collected in the surf, tidal pool, and surf and tidal pool com­
bined at Folly Beach, S.C. (Oct. 1969-0ct. 1971). 

First fall 
year winter 

spring 
summer 

Total 

Second fall 
year winter 

spring 
summer 

Total 

First 
and fall 
second winter 
years spring 
comb. summer 

Total 

Number 
species 

collected ' 

14 
9 

14 
13 

28 

12 
8 

14 
19 

31 

20 
11 
19 
24 

41 

Surf 

Number 
specimens 
collected 

357 
395 
142 
235 

1,129 

204 
811 
188 
415 

1,618 

561 
1,206 

330 
650 

2,747 

Total 
weight 

collected 

1,095 
2,445 
1,748 
2,755 

8,043 

942 
1,914 
1,010 

957 

4,823 

2,037 
4,359 
2,758 
3,712 

12,866 

'Total figure accounts for only one occurrence of each species. 

Number 
species 

collected' 

9 
2 
9 
6 

14 

8 
4 
3 
5 

11 

11 
4 

10 
6 

16 

9 

Tidal pool 

Number 
specimf'ns 
collected 

217 
14 

1,452 
245 

1,928 

285 
18 
57 
60 

420 

502 
32 

1,509 
305 

2,348 

Total 
weight 

collected 

1,258 
58 

1,617 
469 

3,402 

842 
67 
40 

101 

1,050 

2,100 
125 

1,657 
570 

4,452 

Surf and tidal pool combined 

Number 
species 

collected' 

16 
9 

15 
16 

29 

17 
11 
14 
21 

35 

20 
12 
20 
26 

41 

Number 
specimens 
collected 

574 
409 

1,594 
480 

3,057 

489 
829 
245 
475 

2,038 

1,063 
1,238 
1,839 

955 

5,095 

Total 
weight 

collected 

2,353 
2,503 
3,365 
3,224 

11,445 

1,784 
1,981 
1,050 
1,058 

5,873 

4,137 
4,484 
4,415 
4,282 

17,318 



greater in all seasons, number of specimens was larger in 
all easons except spring, and mass was greater in all 
easons except fall. The seasonal patterns for t he in­

dividual years were quite similar to the preceding. 
The surf zone and t idal pool are related, but quite 

different habitats. T heir ecological relat ionship can be 
described as that of a severe, but seasonally relatively 
table, environment (the surf zone) with a depauperate 

fauna which "regularly" contributes segments of its pop­
ulations in a partly random fashion to a t ransient, un­
stable environment (the t idal pool) which reappears at 
predictable intervals unless certain conditions, whose 
appearances are largely unpred ictable , intervene. 

Analysis of Abundance of Fishes 

Abundance in terms of numbers of species and 
specimens and total weight per collection was analyzed 
by season, year, and sampling location. A t wo-factor ran­
domized complete-block design was used as the ex­
perimental model for each of the dependent variables of 
interest: number of species, number of specimens, and 
total weight of fishes per collection . Analysis of variance 
was employed for each of the three dependent variables 
in testing the null hypothesis t hat the effect s of sampling 
location (factor 1, 2 levels; surf, t idal pool), season (fac­
tor 2, 4 levels; fall, winter , spring, summer), interaction 
between sampling location and season, and year (block, 2 
levels; October 1969 t hrough September 1970, October 
1970 through September 1971) were nonsignificant. 
Throughout "nonsignific ant " me a ns P > 0.05 ; 
"significant," 0.01 < P< 0.05; and " highly significant," 
P< 0.01. The number of collections (observations) made 
for the various treatment combinations was : 

Fall Winter Spring Sum mer 

Year 1: 
Surf 6 7 6 6 
Tidal pool 5 4 4 5 

Year 2. 
Surf 6 6 7 6 
Tidal pool 5 3 6 3 

It should be noted that the surf and t idal pool collections 
made on 10 October 1971 (the start of a t hird year) were 
not included in these analyses. Because t he cell frequen­
cies were unequal, an unweighted-means analysis was 
used as the computational procedure with t he harmonic 
mean (n h -= 4.97) of the number of observations being 
u:;ed a the effective number of observations per cell for 
computation of main effects and interactions (Winer 
1962). 

One of the underlying assumptions of the analysis of 
vanance is that of homogeneity of variance. E ach set of 
data wa examined for correlation between treatment 
means and their within-treatment variances . This ex­
ami na t ion suggested transformation s producing 
homogeneity. An analy is of variance was t hen con­
dlll ted 

The within-cell means and variances of the number of 
, penes per collection for the variou treatment com-
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binations were exa~ined for correlations, but none were 
foun d. T he within-cell variances for the number of 
species per collection ranged from 0,25 to 6.97 . Bartlett's 
test for homogeneity of variance gave aX 2 value of 11 .04 
for 15 df which was not significant. We then proceeded 
with the analysis of variance on the original data , X = 
number of spec ies of fishes per collection. 

Similar examinat ions were conducted for the number 
of specimens and total weight of fishes per collection. In 
both cases it was apparent that the variances were 
proportional to t he means and were also heterogeneous. 
Bartlett's test was employed to test the hypothesis of 
equal within-cell variances for both the number of 
specimens and total weight of fishes per collection . The 
results of Ba rt lett's t est were X2 lSdf = 93.19 and 
X2 lSdf = 99.78, respectively. Both x 2 values were highly 
significant and we t herefore rejected the hypothesis of 
homogeneity. It appeared that the heterogeneity was of 
the regular type for both t he number of specimens and 
total weight of fishes per collection , i.e. , the variability 
within the several t reatments was proportional to the 
treatment means. For this reason the logarithmic 
transformation , log (X + 1) , was used to make the means 
and variances independent and to stabilize the within­
cell variances. T he logari thmic t ransformation was made 
on t he number of specimens of fishes per collection, and 
Bartlett's test was conducted to determine if this 
transformation homogenized the variances. The result of 
Bartlett's test on t he within-cell variances for X = log 
(number of specimens of fishes per collection + 1) was 
X\Sdf = 13.78. Since t his was nonsignificant and it 

appeared t hat no relationship remained between the 
means and varian ces of the transformed data , we then 
conducted the an alysis of variance on the transformed 
data, X = log (number of specimens of fishes per collec­
tion + 1) . The logarithmic transformation was also used 
for t he total weight of fishes per collection. Bartlett's test 
resulted in x2 lSdf = 12.85 for the within-cell variances of 
the transformed data. This was nonsignificant and the 
analysis of variance was then conducted on the 
transformed data , X = log (total weight of fishes per 
collection + 1) . 

T he resul ts of t he analysis of variance for the number 
of species of fishes per collection (Table 7) indicate that 
the block or year effect is not significant . The nonsignifi­
cant location -by-season interaction shown in Table 7 in­
dicates that t he surf and t idal pool differences in number 
of species per collection are constant across season. The 
location-by-season means of number of species of fishes 

Table 7.-Analysis of variance of X = number of species of fishes per 
collection. (. Significant, P< 0.05; •• highly significant, P < 0.01; ns 
not significant, P> 0.05.) 

Source SS df MS F 

Blocks (years) 4.92 1 4,92 1.248 ns 
Location 124.85 1 124,85 31.669 •• 
Season 39.60 3 13.20 3.348 • 
Loca tion by season 17.04 3 5.68 1.441 ns 
Error 299.61 76 3,94 

Total 486.02 84 



per collection averaged over both years are (number of 
collections in parentheses): 

Surf 
Tidal pool 
Overall 

Fall 
4.25(12) 
2.70(10) 
3.55(22) 

Winter 

3.31(13) 
1.00(7) 
2.50(20) 

Spring 

4.92(13) 
2.40(10) 
3.82(23) 

Summer 

6.00(12) 
2.12(8) 
4.45(20) 

Overall 
4.60(50) 
2.14(35) 
3.59(85) 

The surf and tidal pool collections differ significantly 
with respect to number of species per collection when 
averaged over both years and all seasons (Table 7). The 
results of the analysis of variance also indicate a signifi­
cant seasonal effect. Student-Newman-Keuls' test was 
used to determine which of the overall seasonal means 
were significantly different (Sokal and Rohlf 1969) . The 
results indicate that only winter and summer differ 
significantly in number of species per collection; all other 
comparisons were nonsignificant. 

The results of the analysis of variance for the number 
of specimens per collection are presented in Table 8, in­
dicating that neither the year effect nor the main effect of 
season is significant. On the other hand, both the main 

Table S.-Analysis of variance for X = log (number of specimens of 
fishes per collection + I). (" Highly significant, P< 0.01; ns not sig­
nificant, P> 0.05.) 

Source SS df MS F 

Blocks (years) 1.4906 1.4906 3.565 ns 
Location 3.5807 1 3.5807 8.563 " 
Season 0.6739 3 0.2246 0.537 ns 
Location by season 6.4340 3 2.1447 5.129 " 
Error 31.7783 76 0.4181 

Total 43.9575 84 

effect of location and the location-by-season interaction 
are highly significant. The back-transform Jd location­
by-season means (means expressed in the original units 
of measurement) for both years combined are (number of 
collections in parentheses): 

Surf 
Tidal pool 

Fall 
20.66(12) 
23.02(10) 

Winter 

56.00(13) 
2.50(7) 

Spring 

18.88(13) 
18.19(10) 

Summer 

38.69(12) 
8.84(8) 

In view of the highly significant interaction of location 
and season, an examination of this interaction was un­
dertaken to determine location differences within season; 
results of t-tests for surf versus tidal pool are: fall 0.16, 
P>0.05; winter 4.00, P<0.01 ; spring 0.06, P>0.05; 
summer 2.05, P< 0.05. These single degree-of-freedom 
comparisons are not independent, but are warranted 
because the interaction is highly significant. They in­
dicate that there is a highly significant difference 
between the average number of specimens per collection 
in the surf and the average number of specimens per 
collection in the tidal pool for those collections made in 
winter, a significant difference for summer, and a non-
ignificant difference for both fall and spring. 

Table 9 gives the results of the analysis of variance for 
total weight per collection which indicate a highly 
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Table 9.-Analysis of variance for X = log (total wei hI of fi h per 
collection + I). ('Significant, P< 0.05; • 'highly ignificanl, p< 0.01; 
ns not significant, P> 0.05.) 

Source SS df \-1 F 

Blocks (years) 4.4421 1 44421 ? 

Location 12.5504 1 12.5504 23.416 .. 
Season 1.2729 3 0,4243 () ,'l2 n 

Location by season 5.8823 3 1.9608 3.658 • 
Error 40.7355 76 0.5360 

Total 64.8832 84 

significant difference between years for the total weight 
of fishes per collection . This is due in part to the capture 
during the first year of 20 Mugil cephalus with a total 
weight in excess of 1.5 kg and a single pecimen of 
Pogonias cromis which weighed more than l.2 kg. A 
variation in seining technique (see section on Materials 
and Methods) may have contributed to the capture of 
these large specimens because two short tow may have 
been more effective in collecting large individuals than a 
single long tow. The main effect of season is not ignifi­
cant. Both the main effect of location and the location ­
by-season interaction were found to be significant. The 
back-transformed location -by-season means (in grams) 
for both years combined are (number of collection in 
parentheses) : 

Surf 
Tidal pool 

Fall 
75.87(12) 
59.56(10) 

Winter prtng • ummer 

184.60(13) 101 24( 13) 146.66(12) 
5.84(7) 22.37( 10) 11 34( I 

Single degree -of-freedom compari ons of location 
d ifferences within season show that the urf doe. not 
jiffer significantly from the tidal pool for tho e collec­
tions made in the fall, but surf and tidal pool collection' 
differ significantly for each of the other sea on. with 
respect to the average total weight of fi hes per collectIOn 
(results of t-tests are: fall 0.33, P> 0.05; winter 4.1 , 
P< 0.01; spring 2.08, P< 0.05; ummer 3.23, P< 0.01). 

Ranking of Species 

The more common pecies (represented by at lea t 100 
specimens) were Arenaeus cribrarius, Anchoa mitchilli, 
Fundulus majalis, Menidia memdia, Trachinotu 
carolinus, Menticirrhus littoralis, and Afugil curema. 
The six species of fishes accounted for 94C'(. of the 
specimens of fi hes collected (4,767 of 5,095) and 72 of 
the ichthyomass (12,406 of 17,31 gl. One .'pecie , 
Areneaus cribrarius, made up 2% of the wlmming in­

vertebrate specimen (422 of 512) and 75% of he rna of 
swimming invertebrates (3,21 of 4.300 g). The e pecie 
were ranked to determine their relative imp rtanc . Of 
the seven mo t important peeie. one (F. maJatt ) \\a­
not a significant part of the catch in the urf, nd three 
(A. cribrarius, A . mitchilli. and .\f. littorali ) wer 0 h -
tie con equence in the tidal pool. 

We developed a ea onal index to alIo\'. ord ring of 
pecie by ea onal occurrence. It i defined a 



4 D j C, 
ea onal index = 1 + log N . r ---

1=1 M , 

where N total number collected, 
D I days collected in the i th season, 
C months collected in the i th season, 
M , = number of months in the i th season. 

Although arbitrary in its design, this index does 
contain the elements implicit in the meaning of 
ea onality, and the lower the seasonal index for a 

-pecie the more seasonal is its occurrence. 
pecie were ranked by number of specimens, frequen­

cy of appearance (number of days collected), weight, and 
ea onality ( easonal index). For each of these categories 

the value were ordered and the highest value was given a 
rank of one, the second highest a rank of two, etc. In 

etermining rank of importance, the individual ranks for 
each pecies were weighted equally and summed. The 
ordered sums were then ranked as "importance" (Table 
10). In the surf and tidal pool combined, M. menidia was 
the mo t important species, followed by A. cribrarius, T. 
caroiinus, M. littoralis and M. curema, A. mitchilli, and 
F. majali . 

Relationships Between Environmental 
Variables and Occurrence 

A major objective of this study was to determine the 
relationships of the occurrence of the fauna to certain en­
vironmental variables using multiple regression techni­
que. The collections made in the surf were chosen for 
more detailed analyses. Effects of environmental 
variable on collections made in the tidal pool were not 
examined because conditions at the time of pool forma­
tion were not known. 

Five of the most important species in the surf were 
elected to determine which environmental variables are 

Important to their occurrence. The species chosen were 

Arenaeus cribrarius, Anchoa mitchilli, Menidia menidia, 
Trachinotus carolinus, and Menticirrhus littoralis. Mugil 
curema was not chosen because it was present in only 9 of 
the 51 surf collections. Five variables (duration of effort, 
water temperature, salinity, height of sea, and visibility 
of Secchi disc) were chosen for analysis. We used 
stepwise regression techniques to choose the "best" 
equation (Draper and Smith 1966) for each of the five 
selected species in the following manner: 

1. Occurrence was plotted versus environmental 
variables and the data were linearized, where 
necessary; 

2. Simple correlation coefficients between occurrence 
and the environmental variables were computed; 

3. Using the multiple regression model, Y = ~ + ~ 1 Z 1 + 
~2Z 2 + .. . +~ p Z p + E , where Y = occurrence, and 
Z j is some function of one of the five selected en­
vironmental variables, X , , X 2 , ••• , X s ' a stepwise 
regression was preformed to identify those 
parameters which account for the attributable 
variations in the model; and 

4. For each final regression equation residuals were 
analyzed. 

Variation within months, which we did not consider 
significant, was removed by using monthly averages for 
all data . Only temperature showed a marked seasonal 
effect. The mean number of specimens per collection was 
plotted for each species versus mean water temperature 
(by months). The pattern for A. cribrarius (Fig. 1) was 
typical of all species except M. menidia (Fig. 2). Menidia 
menidia was much more abundant at the lower water 
temperatures , while the converse was true for the other 
species. Figures 1 and 2 indicate the possible utility of 
the square of water temperature as an additional in­
dependent variable because the relationships appear to 
be curvilinear functions. 

r ble lO.-Rank of the seven most impor tant species collected during Folly Beach survey (Oct. 1969-0ct. 1971) . Ranks are in 
parenthl' ,es Appearance equals number of days collected (because of this the number of days collected in surf and tidal pool 
combined does not equal number of days collected in surf plus number of days collected in tidal pool). 

Appear- Weight Seasonal Sum of Impor-
~pl'cles :-.lumber ance (g) index ranks lance 

rf If, n dlO l'1£'nrdlO 1,4 5(1) 36(1) 4,025(1 ) 109.7( I) 4 
417(2) 32(3) 3,209(2) 76.6(2) 9 2 
291(4) 34(2) 831(5) 72.9(3) 14 3 
362(3) 29(4.5) 350(6) 63.7(4) 17 .5 4 
266(5) 29(4.5) 1,018(4) 62.0(5) 18.5 5 
121(6) 9(6) 2,591(3) 11.7(6) 21 6 

f n 'i 0 mtnrdlO 630(2) 1 (1) 2,201(1) 31.2(1) 5 1 
710(1) 13(3) 501(3) 21.8(2) 9 2 
341(4) 15(2) 734(2) 20.9(3) 11 3 
S45(J) 7(4) 118(4) 8.5(4) 15 4 

2.115(1) 40(1) 6,226(1) 1269(1 ) 4 1 
~22(4) 35(2) 3,21 (2) 767(2) 10 2 
9.6(2) 29(5) 1,!'>l9( l) 762(3) 14 3 
29~(,) 3·t(3) 843(5) 730( 4) 19 4.5 
I '(3) 11(7) 2,709(3) 29.2(6) 19 4.5 
372(5) 30(4) 365(7) 66.5(5) 21 6 
3-1 4(6) 16(6) 71-1(6) 23.0(7) 25 7 
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Figure I.-Mean number of AreTUleU8 cribrariU8 per collection ver­
sus mean water temperature for surf collections (by months). 

Simple correlation coefficients of monthly averages of 
environmental variables and monthly average number of 
specimens per collection in the surf are given in Table 11. 
Water temperature and its square correlated significant­
ly with number of specimens for all species. Height of sea 
was significantly correlated with occurrence for A. 
mit chilli and M. littoralis. A significant negative correla­
tion existed between salinity and number of specimens 
for M. menidia. No other correlations were significant. 

Stepwise regression was then undertaken for each 
species. The list of variables and notation used is con­
tained in Table 12. In addition to the stepwise procedure, 
all independent variables were forced to enter the equa­
tion (forward selection) to assess the percentage reduc­
tion of the sum of squares of deviations of Y from its 
mean attributed to regression . 

An examination of residuals (e i = Y i - Yi ) was con­
ducted using the methods of Draper and Smith (1966). In 
conducting the regression analyses, assumptions were 
made aboute i : errors were independent, haa zero mean 
and a constant variance, and followed a normal distribu­
tion. Residuals were examined to see if these assump­
tions were violated and to suggest possible transfor­
mations of the variables (e.g., squares imd cross products 
of the independent variables). Residuals for the final 
equations selected for each species were plotted overall, 
in time sequence, against the fitted values Y;., and 
against the independent variables X ji , for j = 1, 2, ... , 
k. Our assumptions apparently were not violated, with 
one exception. There appeared to be a time sequence 
effect for some species when the residuals were ordered 
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Figure 2.-Mean number of Menidia menidia per collection ver ue 
mean water temperature for surf collections (by monthe) . 

Table l2.-List of variables and notation for stepwise multiple 
regression. 

Response variables 
Monthly average number of 

specimens per collection 
in the surf 

Y I Arenaeus cribrarius 
Y, Anchoa mitchilli 
Y 3 M enidia menidia 
Y. Trachinotus carolinus 
Y 5 Menticirrhus httoralls 

Independent variable 
Monthly average 

in the surf 

X I duration of effort (min) 
X, water temperature (OC) 

X 3 salinity (% 0 ) 

X. heightof.ea(m) 
X. vIsibility of Sec chi dl c (m) 
X. square of water temfX'ra! urI 

by month, i.e., long runs of positive residuAls followed by 
runs of negative residuals. A one- ample runs test wa 
used to examine this time sequence effect. Re ult were 
nA significant. It was concluded that our final equation. 
did not violate the assumptions B'1d no other tran for­
mations seemed relevant. 

The summary statistics for the forward selection of ix 
independent variables are given in Tables 13 through 17 
along with the final equation selected by the stepwi. e 
procedure. 

Water temperature (or the square of water 
temperature) was more highly correlated with occurrence 
than any of the other independent variables (Table 11). 
The stepwise procedure was modified to enter water 
temperature before its square. Thi modification had lit­
tle effect on the results because the correlation between 
water t.emperature and its square wa high (r = 0.992). 

Table ll.-Simple correlation coefficients of monthly averages (N = 24) of environmental ,ariBble 
and monthly average number of specimens per collection in the surf for five selected specie . ('. 'jg­
nificant correlation, P< 0.05; ""highly significant correlation, P < 0.01.) 

Water \'isibtllty quare of 
temper- Height of "ater 

Duration ature alinity of sea Secchl dl co emp ratur 
Species (min) (OC) ( %0 ) (m) (m) {On 

Arenaeus cribrarius 0.080 0.683' " 0.275 0.~6 0052 
Anchoa mitchilli -0.104 0.405" 0.242 0.402" -O:l~ 0 
Menidio menidia -0.232 -0.711" -0.495" 0 - -0 
Tra chinotus carolinus 0.:!3i' 0.65," ' 0.370 0149 0 
Menticlrrhus Ilttoralls -0.219 0,497 · -0113 0 
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tati tics for forward selection of six 
ind~pend!'n t ,ariable for Arerweus cribrariu8 (1'; = response 
'8nable; R = correla tion coefficient) . ("Highly significant , P <O.OI; 

ig-ni fi ca nt , P> 0.05.) 

tep \'ar1able Increase Partial 
number R' inR' F-test 

0.4665 0.4665 19.2372" 
.! X; 0.-199 051 2 0.0517 2.2557 n 
1 X Oi1i3 0.5290 0.0107 0.4558 ns 
4 X 0.7301 0.5330 0.0040 0.1627 ns ., X 0 .• 309 0.5343 0.0013 0.0494 ns 
6 X. 0.7310 0.5343 O.()()()() 0.0011 ns 

Tllble 14.-Summary statis tics for forward selection of six 
independent va ri ables for Anchoa mitchilli (Y, = response variable; 
R " correlation coefficient ). ( ' ignificant, P < 0.05; ns not sig­
nIficant, P> 0.05.) 

"tep \'anable ~I!ultiple Increase Partial 
r. .. mber entered R R' in R' F-test 

X 2 0.4046 01637 0.1637 4.3065' 
1. X~ 0.5740 0.3295 0.1658 5.1926' 

X, 06063 0.3675 0.0380 1.2030 ns 
4 X ] 0.6249 03905 0.0230 0.7159 ns 

.' 0.6558 04301 0.0396 1.2519 ns 

.X' • 0.6596 0.4350 0.0049 0.1471 ns 

t p:l predl tlOn equation' }', " 73141 + 0.7816 X, - 34.4694 X5 

Table 15.- ummary statis t ics for forward selection of six 
Independent va r iables (or M enidia menidia (Y, = response variable; 
R .. correlation coefficient). ( ' Significant, P < 0.05; "highly sig­
nificant, P < 0.01: ns not significant, P> 0.05.) 

t p 
number 

1 
2 

4 

t P 

f' 

Variable :'-.lultlple Increase Partial 
entered R R' inR' F-test 

07105 0.5048 0.5048 22.4299" 
X6 0.7694 0.5920 0.0872 4.4892' 
X O. 409 0.7070 0.1150 7.8503 ' 
X O. 553 07316 0.0246 1.7395 ns 

• 0.8619 07430 0.0113 0.7943 ns 
X 0.1l624 0.7437 0.0007 0.0494 ns 

- 103017 X + 0.5368 X6 

I regre sian equation for M menidia contained 
mperatur , the -quare of water temperature , and 

predidor variables. Water te mperature ac-
for of the variation in Y due to regre sian 
50) he addition of alinity and the square of 
rnpernture . independent variables increased R' 
For In the ddition of the remaining variables 

In r d R to nlv 74 Co, For all other specie, except A . 
hllll, t r temp'rature wa the only variable 

Inal re r' ~ion equation elected for A . 
mIt nt Inl'd ~ te r temp rature and vi ibility of 

Ind p ndent v ri ble . T he be t fit (R' ) 
~ r \f m TudlQ (R = 0.7 1), foil wed by A . 

R 17, r carolinus (R- 0.43). A. 
33). nd M /atora/i, (R = 0.25) 
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T able IS.-Summary statistics for forward selection o( six 
independent va.riables for Trachinotus carolinus (Y, = response 
variable; R = correlation coefficient) . (·'Highly significant, P< 0.01; 
ns not significant, P> 0.05.) 

Step Variable Multiple Increase Partial 
number entered R R' inR' F-test 

1 X , 0.6569 0.4315 0.4315 16 7013" 
2 X. 0.7115 0.5063 0.0747 3.1787ns 
3 X6 0.7348 0.5399 0.0337 1. 4634 ns 
4 X.J 0.7392 0.5464 0.0064 0.2698 ns 
5 X; 0.7414 0.5497 0.0034 0.1340 ns 
6 X , 0.7415 0.5498 0.0001 0.0029 ns 

Step 1 prediction equation: Y, = - 7.6441 + 0.7025 X, 

Table 17.-Summary statistics for forward selection of six 
independent variables for Menticirrhus littoralis (Y; = response 
variable; R = correlation coefficient) . ('Significant, P< 0.05; ns not 
significan t, P> 0.05. ) 

Step Variable Multiple Increase Partial 
number entered R R' inR' F -test 

1 X , 0.4969 0.2469 0.2469 7.2144' 
2 X , 0.5909 0.3492 0.1022 3.2991 ns 
3 X , 0.6372 0.4060 0.0568 1.9124 ns 
4 X 3 0.6697 0.4485 0.0426 1.4664 ns 
5 X 6 0.6835 0.4672 0.0187 0.6313 ns 
6 X 5 0.6993 0.4890 0.0218 0.7249 ns 

Step 1 prediction equation : ~ = - 4.6371 + 0.5718 X , 

Ordering the regression equations on the basis of R' for 
the five selected species resulted in the same ranking as 
the "importance" for surf and tidal pool combined 
(Table 10) with the exception of a reversal of order 
between A . mitchilli and M . littoralis. 

Livingston et al. (1976) performed similar regression 
analyses for species collected in a study of Apalachicola 
Bay, Fla. The only species analyzed in both their study 
and ours was A nchoa mitchilli . Of the independent 
variab les examined for this species by Livingston et al. 
only chlorophyll a and visibility of Secchi disc were 
significant contributors to R' (with chlorophyll a being 
more important). T heir R' for A . mitchilli was 0.38. 
Clarity of water (by visibility of Sec chi disc) , then, is an 
important factor in determining the presence of A . 
mitchilli . 

Annotated List of Selected Species 

T he seven species included in the section on ranking 
and everal others are considered below in some detail. 
Temperature and salinity ranges for these species are 
presented in Table 3; and numbers and size ranges by 
month are given in Table 4. 

Arenaeus cribrarius (Lamarck) (Crustacea, Decapoda, 
Portunidae). T his species was collected in spring, 
urn mer, and fa ll of both years and in winter (one 
pecimen in March) of the second year. In 35 collections 

(32 from the surf and 3 from the tidal pool), 422 
pecimen of 7 to 141 mm CW (417, 7-141 mm CW, from 

the urf and 5, 17-59 mm CW, from the tidal pool) of A. 



cribrarius weighing 3,218 g (3,209 from the surf and 9 
from the tidal pool) were captured. The relationship of 
mean number per collection and mean stat ion water 
temperature (in the surf by months) is shown in Figure 1; 
and carapace width frequency data for tidal pool and surf 
combined, in Table 18. Ovigerous females were collected 
as early as mid-June and recently spawned ones as late 
as mid-September. These data, along with the presence 
of small individuals (20 mm CW or smaller) from May 
through October, show thatA. cribrarius has a prolonged 
spawning period. 

Alosa aestivalis (Mitchill) (Clupeidae). In five collec­
tions (all from the surf) , 22 specimens of 42 to 62 mm SL 
of Alosa were collected. As Berry (1964) pointed out, it is 
difficult to identify small specimens of Alosa using any 
description or key. The characters which appear to be 
most useful in identifying the species of the Atlantic 
drainage (A . sapidissima, A . mediocris, A . aestivalis, and 
A. pseudoharengus) are the number of gill rakers on the 
lower limb of the anterior gill arch and total number of 
vertebrae (Hildebrand 1963; Berry 1964). Our specimens 
have lower-limb gill raker counts of 36 to 41 (i = 37.82) 
and vertebral counts of 49 to 51 (i = 50.00). The high gill 
raker counts eliminate Alosa mediocris and the low 
vertebral counts remove A . sapidissima from further con­
sideration . According to Hildebrand (1963), Alosa 
a es tival is ha s 49 to 53 vertebra e , wh e r eas A . 
pseudoharengus has 46 to 50. Both A. aestivalis and A. 
pseudoharengus show an increase in number of gill rakers 
with growth unt il adult sizes are reached (Hildebrand 
1963). Hildebrand (1963) gave lower-limb gill raker 
counts as follows: A. aestivalis, specimens of 30 to 49 mm 
SL-28 to 36, specimens of 50 to 69 mm SL-30 to 39; A. 
pseudoharengus, specimens of 30 to 49 mm SL-25 to 33, 
specimens of 50 to 69 mm SL-32 to 36. Our material , 

then, is more similar to Alosa aestivaLLs (Mitchill) than 
to Alosa pseudoharengus (Wilson) . We have, therefore, 
considered our specimens of Alo a as A ae tivali . 

Dorosoma petenense (Gunther) (Clupeidae). One 
specimen of 73 mm SL of Doro oma petenense wa 
collected in the surf on 24 August 1970. Although D. 
petenense has been introduced into fre hwater re ervoirs 
in the southeast, we have found no record publi hed prior 
to 1974 of its occurring in the estuarine or marine waters 
of South Carolina . According to Miller (1963), It ha 
been collected from the Gulf Coast of the United tate 
and southward to northern Guatemala and Bntish Hon­
duras. Donald C. Scott (University of Georgia) tated 
(pers. commun.) that in addition to it having been in­
troduced into reservoirs in Georgia, there was a native 
stock of D. petenense present at least a far back a 1955 
in the Satilla River which drains into the Atlantic, and, 
at present, it is widespread along the coast having been 
taken in beach collections at Sapelo and near Brunswick 
and Savannah. Miller and Jorgenson (1969) reported thi 
species from collections made in the surf at t . Simons 
Island, Ga . In addition to the specimen collected at Folly 
Beach, one was collected on 9 February 1970 near Dewee 
Inlet at the northeast end of the Isle of Palm , in 
Charleston County (lat. 32°48.8'N, long. 79°43.0'W) 
Shealy et al. (1974) collected numerous specimens in 
1973-74 during a survey of South Carolina's estuarie . 

Anchoa mitchilli (Valenciennes) (Engraulidae). Thi 
species was collected in all seasons of both years, lea t 
commonly in winter. In 30 collections (29 from the urf 
and 1 from the tidal poo!) , 372 specimens of 20 to 60 mm 
SL (362, 20-60 mm SL, from the surf and 10, 47-58 mm 
SL, from the tidal pool) of A. mitchilli weighing 365 g 
(n50 from the surf and 15 from the tidal poo!) were 
l-ollected. 

Table 18.- Carapace width frequencies (%) by month for Arenaeus cribrarius collected in tidal pool and surf combined during the Folly Beach 
survey. One specimen of 140.8 mm CW, collected in August 1971. is denoted by an asterisk. 

Carapace width (mm) 

Month 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101-110 111-120 121-130 131-140 N 

1969 
Oct. 13.0 34.8 4.3 8.7 17.4 4.3 13.0 4.3 23 

ov. 50.0 50.0 2 
1970 

Apr. 100.0 
May 12.5 25.0 12.5 12.5 25.0 12.5 
June 1.7 15.3 42.4 23.7 3.4 11.9 1.7 59 
July 25.0 12.5 25.0 12.5 12.5 12.5 
Aug. 4.4 86.8 8.8 1 

ept. 11.1 33.3 44.4 11.1 9 
Oct. 27.3 27.3 18.2 9.1 9.1 9.1 11 

ov. 100.0 1 
1971 

Mar. 100.0 I 
Apr. 41.7 33.3 8.3 8.3 .3 12 
May 20.0 6.7 13.3 60.0 15 
June 46.7 20.0 6.7 20.0 6.7 15 
July 20.4 51.0 10.2 10.2 2.0 4.1 20 49 
Aug. 60.0 20.0 5.7 2.9 2.9 2.9 2.9 29" ~ 

Sept. 4.3 6.5 50.0 23.9 2.2 2.2 2.2 2.2 2.2 22 22 
Oct. 3.2 12.9 12.9 35.5 12.9 12.9 6.5 32 31 

41-
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Fundulus majalis (Walbaum) (Cyprinodontidae). 
Althou h thi pecie 'a collected in all easons of both 
yea except the pring of the econd year. 71 CC of the 
peClm n were obtained during the summer. In 18 

collections (3 from the urf and 15 from the tidal pool), 
pe Imen of 26 to 84 mm L (3. 38-67 mm SL, from 

the urf. and 341. 26-84 mm SL. from the tidal pool) of F. 
malal weighing 744 g (l( trom the urf and 734 from the 
tidal pool) were collected. 

Memdia -pp. (Atherinidae). Rubinoff and Shaw (1960) 
eparated Menidia beryl/ina (Cope) collected in 
1a achu~etts from ~f. menidia (Linnaeus) collected in 

~1a achu ett and 'ew York mainly on the basis of 
numb r of oft ray in the anal fin. Their 251 specimens 
of M beTJ llina had a range of 14 to 19, usually 15 to 17, 
anal ft ray (i = 15.6). whereas their 134 specimens of 
'vi memdIG had a range of 20 to 29, usually 22 to 25 (i = 
23.5). In Rubinoff and Shaw's collections only one 
pecimen had 19 anal oft rays and only one had 20. They 

a igned the. e pecimens to species on the basis of size 
and total number of lateral scales. 

Robbin 1969) examined M. beryllina collected from 
Ma achu-ett to Vera Cruz. Mexico, and M. menidia 
from Prince Edward I land to northeastern Florida. In 
1 (I 2 pecimens of M. beryllina, he found a range of 12 to 
21 u unll . 15 to 18. anal oft rays (x = 16.37), and in 
1, pecimen of Af. menidia a range of 19 to 29, usually 
21 to 26 (i = 21.60). 

Th distribution of count of anal soft rays for 1,658 of 
our 2.141 pecimen of Menidia is: 

16 
17 

1 
20 
21 
1.'1. 
l3 
24 
25 
}. 

B 

N "l, 

1 0.1 
0 0.0 
3 0.2 

16 1.0 
94 5.7 

292 17.6 
0511 30.8 
415 25.0 
221 13.4 

5 5.1 
16 1.0 

0.1 
0.1 

almost 

ur find from the tid I 
f I to 75 mm, L 22.62-7- IT m ,'L, 
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from the surf and 4,-46-65 mm SL, from the tidal pool) of 
M. beryllina weighing 53 g (44 from the surf and 9 from 
the tidal pool) were obtained . This species was collected 
in the autumn and winter of both years and in the spring 
of the first year. 

In 54 collections (36 from the surf and 18 from the tidal 
pool), 2, 115 specimens of 21 to 89 mm SL (1 ,485, 21-89 
mm SL, from the surf and 630, 31-86 mm SL, from the 
tidal pool) of M . m enidia weighing 6,226 g (4,025 from 
the surf and 2, 201 from the tidal pool) were obtained. 
This species was collected in all seasons of both years. 
However, 53% of t he specimens were seined in winter and 
less than 0.5% in summer. The relationship of mean 
number per collection and mean station water 
temperature (in the surf by months) is shown in Figure 
2. Small individuals of M . m enidia utilize habitats other 
than those of the surf zone. Only about 0.4% of the 
specimens collected were 50 mm SL or smaller (Table 
19) . We do not believe that the virtual absence of M . 
menidia less than 50 mm SL is an artifact of the collec­
ting method because we collected numbers of small in­
dividuals of similarly shaped species. Ripe individuals 
were noted from late March to early June. Cupka (1972) 
found sexually mature specimens from mid-March 
through early June. 

Trachinotus carolinus (Linnaeus) (Carangidae). This 
species was collected in both years in all seasons except 
winter, but 68% of the specimens were seined in the spring 
of the first year . Most of those caught in that season 
were less than 30 mm SL and from the tidal pool (Table 
20). Almost 61 % of the total number were obtained from 
the tidal pool on two successive collecting days in June 
1970. A prolonged spawning period is indicated for this 
species because small specimens (22 mm SL or smaller) 
were caught from mid-April through late October 
(specimens 14 mm SL or smaller in April, May, June, 
September, and October) . This is similar to the findings 
of several other authors (Fields 1962; Finucane 1969; 
Bell inger and Avaul t 1970; Cupka 1972). In 42 collections 
(29 from the surf and 13 from the tidal pool) , 976 
specimens of 12 to 93 mm SL (266, 12-93 mm SL, from 
the surf and 710, 12-66 mm SL, from the tidal pool) of T. 
carolinus weighing 1,519 g (1 ,018 from the surf and 501 
from the t idal pool) were obtained . 

Menticirrhus litto ralis (Holbrook) (Sciaenidae) . 
Although this species was collected in all seasons of both 
years, 62% of the specimens were obtained in summer, 
but only about 300 in winter. In 36 collections (34 from 
the urf and 2 from the tidal pool) , 294 specimens of 19 to 
149 mm L (291, 19-149 mm SL, from the surf and 3, 31 -
76 mm L. from the tidal poo!) , of M . littorali weighin 

43 g (831 from the surf and 12 from the tidal pool ) were 
collected. Hildebrand and Cable (1934) suggested that 
:;pawning start nea r Ca pe Lookout , N .. , no la ter than 
1 l\ ray and continues into Augu t. The ca pture of in ­
dividual mea uring les than 30 mm L from June 
thr,)ugh . ovember during our urvey indicate a imila~ 
:ituatlOn off outh arolina with pawning probably ex­
tcnding into eptember (Table 21). Tagatz and Dudle 



Tahle 19.-Standard length frequencies (%) by month for Menidia menidia collected in the lIdal pool T, and urf( ) 
during the Folly Beach survey. 

tandard leng!h (mrn) 

21-30 41 -50 51-60 61-70 71 1 ~ 

Month T S T S T T 

1969 
Oct. 1.1 SO.O 1.1 37.5 6. 3.4 
Nov. 6.3 14 .1 15.6 53.1 109 
Dec. 1.3 3.1 38.6 14.9 31.6 5.1 39 09 O . 225 

1970 
Jan . 1.0 1.0 36.9 1.0 51.5 19 58 10 1 
Feb. 20.8 673 119 101 
Mar. 3.8 1.3 46.5 19 446 1.9 157 
Apr. 2.8 36.1 61 1 3 
May 3.1 42.0 0.8 51 1 04 ..,-

~ / 2 2 
June 43.8 12.5 31 2 63 6.3 Hi 
July SO.O 250 250 4 
Aug. 100.0 I 
Oct. 100.0 2 
Nov. 11.4 1.6 51.6 3.8 26.6 3.3 1.6 
Dec. 35.3 55.9 7.4 1 S 6, 

1971 
Jan . 0.3 49.1 1.9 40.9 2.5 5.0 03 120 
Feb. 10.6 57.5 30.5 1 I ti, 
Mar. 23.2 60.9 15.9 t,9 
Apr . 4.5 4.5 36.4 9 1 40.9 H '22 
May 20.0 26.7 333 20.0 15 
June 25.0 25.0 SO.O 
Sept. 100.0 
Oct. SO.O SO.O 2 

2/113 

(1961) also reported specimens of similar size taken from collections (8 from the surf and 3 from the tidal poo]), 
June through November near Cape Lookout, N.C. 73 specimens of 17 to 328 mm 8L (26, 25-229 mm , L fwm 

Mugil cephalus Linnaeus (Mugilidae). Although this the urf and 47 , 17-328 mm L from the tidal pool) of 
species was collected in fall (1969), winter (1970 and M. cephalus wele,hing 2,426 g (1,7 from the urf and 
1971), spring (1971), and summer (1970), most specimens 6Av from the tidal pool) were obtained. Even though 
were collected in winter (27%) and spring (64%). In 11 Mugil cephalus outrank four of the even m . t impor-

Table 20.-Standard length frequencies (%) by month for TrachinotWl carolinWl collected in the tidal pool (T) and urf ( ) durin" lh Foll 

Beach survey. 

Standard length (mrn) 

11-20 21-30 31-40 41-SO 51-60 61-70 ,I IlO 1-.0 I 1 

Month T S T S T S T S T T 

1969 
Oct. 1.3 30.7 8.0 17.3 5.3 6.7 6.7 9.3 5.3 5 .. 1 2.7 1.3 75 
Nov. SO.O SO.O 2 

1970 
May 5.6 5.6 55.5 22.1 5.6 5.6 
June 37.3 0.3 36.5 1.7 13.0 1.2 3.1 2.0 1.7 0.9 2.0 02 
July 3.0 21.2 21.2 3.0 36.4 3.0 9.1 30 
Aug. 5.9 29.4 5.9 11.8 8.8 14 .• 11 2 
Sept. 37.5 12.5 25.0 12.5 125 
Oct. 25.0 5.6 33.3 ILl 13.9 5.6 2. 2 

ov. 7.1 28.6 7.1 42.9 143 14 
1971 

pro 100.0 
lay 12.5 62.5 25.0 

June 4.1 2.0 .2 1 .4 224 
JUly 26.9 23.1 .5 11.5 
Aug 27.3 2 •. 3 • I 1 2 

ept. 20.0 20.0 20.0 20.0 200 
Oct. 44.4 ILl 11.1 ~~ 11 I 

17 



Tabl !l.- tandard length frequencies \ ) b} month for MenlicirrhlUJ littoralu collected in the surf during the Folly Beach survey. 

21·lO 3140 

I~ .) 50.0 
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100.0 
12.5 

91·100 101·110 111·120 141·150 N 

18 
2 

1 
1 
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~l.l 

.3 
11.1 
33.3 

50.0 
21 I 
33.3 
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I .5 

36. 
.3 

:l3.3 
7,4 

10.5 10.5 19 
12 
9 

27 
5 

~.) 0 .3 16.7 
22.2 

GO.O 20.0 
3.7 

20.0 

I I 
Feb 25.0 25.0 25.0 25.0 

ar 
pr 
II} 

20.0 
11. 

GO.O 20.0 

4 
5 

17 
1 
4 

55 

23.5 23.5 5.9 17.6 
100.0 

11 .8 5.9 

Jun 
Jul~ 

pI 
o t 

36 21.6 
17.1 
11.9 
143 

25.0 
30.9 
22.9 
23.7 
714 

50.0 
1 .2 
42.9 
30.5 
14.3 

5.5 
11.4 
20.3 

10.9 
2.9 

.5 

t nt pe ie in weight (Table 10), it was not considered 
with that group because it was represented by a relative· 
Iv mall number of .'pecimen . 

fugll cur rna Valencienne (Mugilidae). This species 
\\ collt' ted in both year in all easons except winter. 

\ nt\ nine percent of the pecimens (all Ie s than 30 
mm L) ere caught in the first pring, whereas 1500 
(m t b tween 6 and 130 mm SL) were caught during 
the first urnlDer (Table 22). In 16 collections (9 from the 
ur nd 7 from the tidal poo\). 666 pecimen of 19 to 
o mm ~L 121,22-130 mm 'L, from the surf and 545, 

1 i mm L, from t he tidal poo\) of AI curerna weighing 

25.0 
3.6 1.8 

2.9 
5.1 

1.8 
35 
59 
7 

291 

2,709 g (2,591 from the surf and 118 from the tidal pool) 
were obtained. 

Paralichthys squamilentus Jordan and Gilbert 
(Bothidae) . This species was collected in spring of both 
years (89% of total), summer of the second year, and in 
October 1971 . In 10 collections (9 from the surf and 1 
from the tidal poo!), 19 specimens of 34 to 115 mm SL 
(17, 34-115 mm SL, from the surf and 2, 44-58 mm SL, 
from the tidal pool) of P. squamilentus weighing 82 g 
(76 from the surf and 6 from the tidal pool) were 
collected. Bearden (1971) noted that few records of 
juvenile Paralichthys squamilentus have appeared in the 

abl 22 tand rd I nll'tb frequencle. (%) by month (or Mugi! curema collected in the tidal pool (T) and surf (8) during the Folly Beach survey. 

tandard length (m m) 

1120 61·70 71·80 1·90 91 · 100 101 · 110 111·120 121·130 

S S T S S S S N -----
1 0 

5 34 
2 492 

~ 0 100 100 20 
100.0 3 

2.7 36.0 413 I .7 1.3 75 
3 25.0 15. 125 8.3 24 

2 
0 2 

0 6 
667 3.3 6 

0 I 

666 -- -



literature. He reported 60 juvenile specimens (25-88 mm 
SL) of P. squamilentus caught in shallow water (0.3-1.3 
m) at nine open ocean beach stations in South Carolina 
in May and June 1969. Cupka (1972) collected two 
specimens (56-97 mm SL, one in May 1971 and one in 
August 1971) from the surf zone in South Carolina. 
Bearden (1971) offered two possible explanations for the 
appearance of P. squamilentus off the beaches of South 
Carolina in 1969: 1) 1969 may have been a year when 
spawning was unusually successful, or 2) the juveniles of 
P. squamilentus may have been misidentified or 
overlooked previously. Because we collected juveniles of 
P. squamilentus in the two succeeding years, the 
appearance of juveniles of this species in 1969 does not 
seem unusual. A more plausible interpretation of the 
data is that the apparent absence of juveniles of P. 
squamilentus in the waters of South Carolina before 1969 
is the result for the most part of inadequate collecting. 

Sphoeroides spengleri (Bloch) (Tetraodontidae). One 
specimen, 16 mm SL, of S. spengleri was collected from 
the surf on 10 October 1971. Shipp and Yerger (1969) 
stated that S. spengleri is "Widespread in the western 
Atlantic and adjacent waters, in shallow water." Our 
specimen was identified by Robert L. Shipp (University 
of South Alabama) who wrote one of us (24 March 1972) 
that S. spengleri wanders as far north as Massachusetts 
and is fairly common at Bermuda, but to his knowledge 
this is the first record from South Carolina. 

Chilomycterus ? (Diodontidae). Two specimens, 12 to 
16 mm SL, of a diodontid were collected from the surf on 
16 July 1971 after the passage of a tropical storm. These 
fish resemble Lyosphaera globosa as shown in pI. 267 of 
Jordan and Evermann (1900). According to Fraser­
Brunner (1943), Lyosphaera is a junior synonym of 
Chilomycterus. 

Relationships of Lengths and Lengths 
to Weight 

The relationships of carapace length to carapace width 
and these measurements to weight are presented in 
Table 23 for the decapod crustacean Arenaeus cribrarius. 
The relationships of lengths and lengths to weight are 
presented in Tables 24 through 31 for the following 
fishes: Anchoa mitchilli, Fundulus majalis, Menidia 
menidia, Trachinotus carolinus, Trachinotus falcatus, 
Menticirrhus littoralis, Mugil cephalus, and Mugil 
curema . All lengths of fishes were measured from the tip 

of the snout: standard length, to the structural base of 
the caudal fin; fork length, to the bifurcation of the 
caudal fin; and total length, to the distal tip of the 
longest caudal ray. 

Equations of length to length relationships were 
derived by the method of least squares and are of the 
form Y = a + bX (where Y = dependent variable or 
predicted length, a = Y intercept, b = coefficient of 
regression, and X = independent variable or observed 
length). Equations of length to weight were also ob­
tained by the method of least squares after a log 10 -log,o 
transformation of the original data, and are of the form Y 
=a + bX (where Y = log weight and X = log length). 
This transformation was used to convert the analyses 
from curvilinear to simple linear regression. For each 
regression analysis we have included the sum of squares 
and cross products of deviations for ease of comparison 
with other data. In Tables 23 through 31 the following 
notations are used: N = sample size, X = independent 
variable, Y = dependent variable, a = Y intercept, b = 
coefficient of regression, r = product-moment cor­
relation coefficient, ~ x' = sum of squares of deviations 
of X , ~y' = sum of squares of deviations of Y, and ~xy 
= sum of cross products of deviations of X and Y. 

RECOMMENDATIONS 
Several ways in which a collecting program such as 

ours might be improved and provide better sampling and 
understanding of the area studied are: 

1. Collect additional physical data, such as current 
velocity; 

2. Make replicate tows through the collecting site 
(preserving the material from each tow separately); 

3. Establish replicate collecting sites nearby; 
4. Use a larger seine for longer tows in deeper water to 

supplement the collecting; 
5. Collect at several stages of the t ide, at midday and 

at night, and during various phases of the moon; 
6. Sample for a longer period of time; 
7. Make a special effort to gather additional biological 

data, such as information on spawning, fecundity, 
food habits, incidence of ectoparasitism ; and 

8. Use field and laboratory data sheets from which data 
can be key punched directly without transcription. 

A program incorporating the methods used in this 
study and the above recommendations should provide 

Table 23.-Carapace length-carapace width, carapace length-weight, and carapace width-weight regression 
statistics for N = 352 specimens of Arenaeus cribrarius. 

x y a b r LX' Ly' LXY 

CW CL -1.1686 0.4659 0.996 160,001 .63990 34,989.03111 74,550.70835 

CL CW 2.7690 2.1307 0.996 34,989.03111 160,001.63990 74,550.70835 

logCW logW -4.7894 3.3004 0.977 15.95073 181.96342 52.64344 

logCL logW 3.4380 3.1801 0.983 17.38521 181.96342 55.28680 

CW(mm) CL(mm) W (g) 

Mean 38.59 16.81 7.99 

Range 7.0-140.8 4.0-65.6 0.07-222.9 
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Table 24 .-Lencth-l~ and length-weight regreuion stati.tica (or N = 215 specimeDl of Anchoo mitchilli. 

X y a b r ~Xl ~y' ~X) 

L FL 7.021.48493 7,610.26633 7,167.23298 

L TL 2.3699 1.1657 0.963 7,021.48493 10,290.75656 ,185.22423 

FL ~L -\..622 0.9418 0.9 .,610.26633 7,021.48493 7,167.23298 

FL TL -IOUO 1.1243 0.967 7,610.26633 10,290.75656 ,556.17275 

TI. L 14286 0.7954 0.963 10,290.75656 7,021.48493 ,185.22423 

TI. FL -11155 0.8314 0.967 10,290.75656 7.610.26633 ,556.17275 

L logW -6.0330 3.6360 0.951 066723 9.75842 2.42602 

I FL I \\ -6.4963 3. 170 0.951 0.60589 9.75842 2.31271 

logTI. logW -6.2989 3.6100 0.941 0.66381 9.75842 2.39633 

.-L (mm) FL (mm) TL (mm) WIg) 

Mean 45.53 50.22 55.45 1.08 

Range 27.5·59.9 30.9·64.4 33.4-77.0 0.20-2.78 

Table 25.-Length-length and length-weight regression statistics (or N = 341 specimens of Fundulus Tn4ialis. 

x y a b rx' LY' LXY 

L TL 1.7211 1.1722 0.999 39,435.90452 54,339.91062 46,226.10678 

TI. sL -1.3361 0.8507 0.999 54,339.91062 39.435.90452 46,226.10678 
I L logW -5.1305 3.2532 0.995 3.31912 35.50605 10.79770 
logTI. II'lgW -5.5353 3.3303 0.995 3.16801 35.50605 10.55051 

SL (mm) TL(mm) WIg) 

lean 45.05 5452 2.19 
Range 26.0-84.1 3\.8-98.5 025-12.25 

Table 26. Length-lf~Rgth and length-weight regression statistics for N = 500 specimens of Menidia numidia. 

y a b r ~Xl ry' ~xy ---
FL 3.m5 10872 0997 27,732.99210 33,001.74800 30,151.30480 
11. ,"'.7405 1.1396 0991 27,732.99210 36,673.69960 31,604.49710 

L -2.737 0.91:16 0.997 33,001.74800 27,732.99210 30,151 .30480 
11. 2.2339 1.0464 0.993 33,00 1.7 4800 36,673.69960 34,533.23480 
'1. -17 7'2 0.&>18 0.991 36,67369960 27,732.99210 31,604.49710 

FI, -1.0206 0.9416 0.993 36,673 69960 33,001 74800 34,533.23480 
. g \\ -5.0377 ;1.0:]41 0.929 1.25294 13.36788 3. 0155 

log\\' -5AM.') 3.1716 0934 1.15954 13 .36788 3.67758 
logW -5.7295 3255.1 0.943 1.l2077 13 .36788 3.64845 

Llmml FL(mm) TL(mm) W(g) 

I n 6472 7383 79.49 3.00 
Ran 10 .. 9 35.4 ·96.7 38.0·107.0 0 .24-748 

T bl 27 Len h·lt'nglh and length-weight regression statistics for N = 500 specimens of Trachinotus 
caro /inus. 
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Table 28.-Length-length and length-weight regression statistics for N = 45 specimens of Trachinotus fal-
catus. 

X y a b !:x' Iy' I xy 

SL FL 1.6501 1.0962 0.9997 5,485.89911 6,596.88311 6,013.79711 
SL TL 0.1357 1.2980 0.9988 5,485.89911 9,264 .20800 7,120.66133 
FL SL -1.4883 0.9116 0.9997 6,596.88311 5,485.89911 6,013.79711 
FL TL -1.8078 1.1837 0.9989 6,596.88311 9,264.20800 7,808.62933 
TL SL -0.0483 0.7686 0.9988 9,264.20800 5,485.89911 7,120.66133 
TL FL 1.5879 0.8429 0.9989 9,264.20800 6,596.88311 7,808.62933 

logSL logW -4.0249 2.7452 0.9429 1.17563 9.96602 3.22731 
logFL logW -4.4235 2.8910 0.9393 1.05202 9.96602 3.04141 
logTL logW -4.3651 2.7614 0.9468 1.17158 9.96602 3.23522 

SL(mm) FL(mm) TL(mm) W(g) 

Mean 24.00 27.96 31.29 1.03 
Range 12.1-59.4 14.3-66.8 16.2-75.9 0.09-8.66 

Table 29.-Length-length and length-weight regression statistics for N = 291 specimens of Menticirrhus 
littoralis . 

X Y a b ~ x2 !:y' ~xy 

SL TL 1.2032 1.2172 0.998 114,966.97810 171,061.35680 139,935.44470 
TL SL -0.7740 0.8180 0.998 171,061.35680 114,966.97810 139,935.44470 

logSL logW -4.7160 2.9514 0.992 7.60448 67.38193 22.44407 
logTL logW -5.0851 3.0019 0.991 7.34690 67.38193 22.05480 

SL(mm) TL(mm) W(g) 

Mean 48.96 60.79 2.88 
Range 19.2-149.1 24.4-181.2 0.10-45.90 

Table 30.-Length-length and length-weight regression statistics for N 48 specimens of MugU 
cephalus. 

X y a b r ~X2 I y' bXY 

SL FL 1.6494 1.1462 0.9997 287,624.41670 378,110.61480 329,671.25420 
SL TL -0.2732 - 1.2703 0.99~7 287,624.41670 464,347.77310 365,360.0\750 
FL SL -1.3811 0.8719 0.9997 378,110.61480 287,624.4.1670 329,671.25420 
FL TL -2.0735 1.1080 0.9998 378,110.61480 464,347.77310 418,941.18560 
TL SL 0.2608 0.7868 0.9997 464,347.77310 287,624.41670 365,360.01750 
TL FL 1.9075 0.9022 0.9998 464,347.77310 378,110.61480 418,941.18560 

logSL logW -5.1821 3.2163 0.9995 9.39197 97 .25856 30.20757 

logFL logW -5.5090 3.2681 0.9995 9.09758 97 .25856 29.73201 

logTL logW -5.4259 3.1764 0.9996 9.63288 97.25856 30.59741 

SL(mm) FL(mm) TL(mm) W(g) 

Mean 87.69 102.16 111.12 49.31 

Range 18.2-328.0 21.8-370.0 22.3-413.0 0.07-586.0 

Table 31.-Length-length and length-weight regression statistics for N = 394 specimens of MugU curema. 

X y a b r !:x' Iy' I xy 

SL FL 0.5761 1.1722 0.9985 470,299.87390 648,206.35520 551,308.74100 

SL TL -0.7066 1.2848 0.9997 470,299.87390 776,685.93360 604,216.83340 

FL SL -0.3563 0.8505 0.9985 648,206.35520 470,299.87390 551,308.74100 

FL TL -1.1853 1.0931 0.9986 648,206.35520 776,685.93360 708,547.91860 

TL SL 0.5739 0.7780 0.9997 776,685.93360 470,299.87390 604,216.83340 

TL FL 1.2302 0.9123 0.9986 776,685.93360 648,206.35520 708,547.91860 

logSL logW -5.1563 3.2558 0.9984 30.99242 329.57610 100.90500 

logFL logW -5.4521 3.2860 0.9979 30.39528 329.57610 99.87731 

logTL logW -5.4166 3.2148 0.9986 31.79767 329.57610 102.22395 

SL(mm) FL(mm) TL(mm) W(g) 

Mean 44.79 53.08 56.83 6.66 

Range 19.1-130.4 23.0-155.5 24.1-168.0 0.10-49.60 
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adequate data for developing basic moc1el of ('it htor I h • 
shallow-water estuarine or surf-wnl' Ichthyofllllnll l)l'­

curring over shell hash, sandy, or mllddy hotlom IIlld 
should be useful both in identifying nulllrnl 1)( rtm­
bations and artificial stresses and in prl'fliding thl'lf 

effects, 

CONCLUSIONS AND S MMARY 

1. Fifty·one coiled ions ..... ere made IT1 th lITf lind ,ilJ 

in the tidal pool from which lllH' 512 P 1'1111 

ming invertebrates repre,'enting t Ie ,t 17 
5,095 specimen~ of bony fi hl repr 
were collected. 

2, The ~urf and tidal pool 
significantly with reo pel't to Ilumb r 
tion when averaged flver both 'ear 

:1. Winter andumm~r dift' r Ignifi 
of specie per collection. 

4. Both the main effect (J If) utif n 
bv-. eason interactIOn show hi hly Ignifi an dlf 
i~ number of specimens per oll tion 

5. There is a highl~' 'ignifi nt dlff r neb t .... 
average number of specimen p r coli ctl n 111 th 
versll the tidal pool for thn, e roll ctlOn m d 
and a signilicant difference for ummer 

6. There i' a highly ignific nt diff r n hel\\ n 
years for the total weight f fi he per co11 hon Thl I 
due in part to the capture dUring th fi t r of 
number of comparatively large p imen of \1u II 
cephalus and a single ~pecimen of Pogoma croml 
weighing more than 1.2 kg. 

7. The main effect of location ho .... 8 highly igmfi· 
cant difference in total weight of Ii h p r colle ti nand 
the location-by-sea. on interaction i:-. signific nt. 

8. There i a highly significant diff ren e bet w n 
surf and tidal pool in average total weight of I he" p r 
collection for winter and ummer and a ignificant 
difference for. pring. 

9. Six species of fishe (Anchoa mitchilli, Fundulu 
majalis, Menidia menidia, Trachinatu,~ carolinu~ . .\f. n­
ticirrhus littaralis, and Mugll curema) accounted for 94'" 
of the specimens of fishes collected and 72~ ot the 
ichthyomass. One species, Arenaew crlbrarlu , made Up 
82% of the swimming invertebrate pecimen and 75'" of 
the mass of swimming invertebrates. 

10. Species were ranked as to "importance" In the 
surf and tidal pool combined the order of deerea ing "im­
portance" for the most abundant species was Menidia 
menidia, Arenaeus cribrarius, Trachinatus carolinu , 
Menticirrhus littoralis and Mugil curema, Anchoa 
mitchilli, and Fundulus majalis. 

11. Water temperature and its square correlated 
significantly with number of specimens for each of five of 
the most important species (Arenaeus cribrarius, Anchoa 
mitchilli, Menidia menidia, Trachinotus carolinus, and 
Menticirrhus littoralis) collected in the surf. Height of 
sea was significantly correlated with occurrence for A. 
mitchilli and M, littoralis; and a significant negative cor-
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und nlJmb r 

iat 

p ie inhabit in T th ... urf zone mil' 
cope ,ith wide r n e. in turbulen e, turbidit\', quan 
titie ot upended p rtide in the medium, curr n 
v locit)'. and bottom ch ra t ri tic, In addItIOn to th 
ahove factor', a number of meteorolo i al and ea,ona 
change ar uperim ed producing variation. i 
temperature nd alinity. Highly motile pecie 
move into or ou t of the urf zone depending upo 
pre\'alent condition, 'fhi may account in part from 
of the variation in catch. 

23, The macrofauna of the tidal pool i a depauperat 
derivative of the urf lone . 

24. Specie collected in the tidal pool \ ... ·ere probabl 
attracted there to orne degree by their differen 
ecological requirement and tolerance. In addition 
larger individual tend to avoid being trapped in t he 
pools, whereas smaller ones (of species uch a 



Trachinotus carolinus and Mugil curema) may actively 
seek them as havens which are relatively free of 
predators. Species inhabiting tidal pools are subjected to 
sudden fluctuations in temperature and salinity. 
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