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Interannual variations in larval fish recruitment to 
estuarine epibenthic habitats* 

Dennis M. Allen, D. Lynn Barker*' 

Belle W. Baruch Institute for Marine Biology and Coastal Research, University of South Carolina, Georgetown, 
South Carolina 29442, USA 

ABSTRACT: The presence of early life stages of more than 4 5  fish species in epibenthic sled collections 
from North Inlet Estuary, South Carolina (USA) indicated that subtidal creek bottoms are important 
nursery habitats. Biweekly collections from 1981 to 1985 revealed 2 distinct periods of larval fish 
recruitment: summer, in which gobies Gob~osoma spp. and anchovies Anchoa spp. dominated; and 
winter, in which spot Leiostomus xanthurus and Atlantic croaker Micropogonias undulatus dominated. 
For every major taxon, date of arrival, duration of the recruitment period, and size distribution were 
similar among years. Arrival of early stage larvae was continuous within each annual period, but 
patterns of abundance were not consistent from year to year Large and irregular fl.uctuahons in 
abundance between sampling dates accounted for the largest sources of variation in nested ANOVAs 
conducted for each of 8 major taxa, but these fluctuations were not explained by short-term changes in 
water temperature or salinity. However, during the extended period of low salinity in the winters of 
1983 and 1984, winter taxa were significantly more abundant than in other years. Low salinity 
conditions represented extreme changes for an  otherwise high salinity estuary, yet no notable differ- 
ences in the taxonomic composition, ranks, or timing of arrivals were observed between the 4 winters 
sampled. Collections were made at sites representing the 2 dominant subtidal habitat types, and even 
though densities were consistently higher at an  upestuary creek location than at  one near the mlet, 
seasonal and annual patterns of abundance were very similar. Further, size distributions of larval fishes 
were very similar a t  both locations. These observations suggest that factors controlling larval fish 
recruitment and fluctuations in abundance were operating on a large spatial scale. Major ecosystem 
level disturbances such as extreme reductions in salinities during some winters did not appear to alter 
temporal patterns of larval fish recruitment a s  much as the magnitude of utilization of epibenthic 
habitats. 

INTRODUCTION 

The importance of estuaries as nursery areas for 
fishes is well documented (e.g.  McHugh 1967, Herke 
1971, Zijlstra 1972, Cain &Dean 1976, Weinstein 1979), 
but more studies have focused on the utilization of 
estuarine habitats by juvenile than by early life stages. 
Spatial and temporal distributions of early life stages of 
fishes have been reported for sounds and bays (Pearcy 
& Rchards 1962, Herman 1963, Croker 1965, Dovel 
1981, Dokken et al. 1984, Roper 1986, Bourne & Govoni 
1988), seagrass meadows (Carr & Adams 1973, Olney & 
Boehlert 1983), intertidal creeks (Shenker & Dean 
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1979, Weinstein 1979, Bozeman & Dean 1980), high 
marsh pools (Kneib 1984, Talbot & Able 1984), and surf 
zones (Modde & Ross 1981, Ruple 1984). All of these 
habitats appear to be important staging and growth 
areas, but there are considerable differences in the 
taxonomic and life stage composition of fishes among 
habitats, even within the same estuary. Geographic 
variations in the kinds of fishes utilizing a specific 
habitat type seem less pronounced than the temporal 
dynamics of occupation. For instance, gobies, 
anchovies, herrings, and drums dominate the estuarine 
ichthyoplankton of South Africa (Beckley 1986), 
Australia (Jenkins 1986), New Zealand (Roper 1986), 
Gulf of Mexico (Dokken et al. 1984, Ruple 1984), and 
Chesapeake Bay, USA (Dovel 1981, Olney 1983), but 
differences in the seasonal cycles are large. Spawning 
and larval recruitment times are closely related to 
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water temperature and photoperiod (Cushing 1975, 
Bye 1984) and to seasonal production cycles of zoo- 
plankton and phytoplankton (Royce 1972, Sherman et 
al. 1984). For North American species which occur 
throughout wide geographic ranges, arrival times are 
earlier and recruitment periods are longer toward the 
southern ends of their ranges (Dahlberg & Conyers 
1973, Chao & Musick 1977, Powles & Stender 1978, 
Colton et  al. 1979). Nevertheless, the temporal patterns 
of utilization of specific habitats at any location seem to 
vary little among years. 

Even though the regularity wlth which certain larval 
fishes arrive at estuarine nursery habitats is widely 
recognized, few studies have examined interannual 
variations and factors which influence fluctuations in 
recruitment dynamics. Most estuarine ichthyoplankton 
studies have been based on time series of about 1 yr, 
but Able (1978) and Holt & Strawn (1983) compared 
patterns of larval fish abundance over periods of about 
3 yr. Long-term data are essential to document and 
interpret interannual variations in the timing and mag- 
nitude of larval fish recruitment. The present study is 
based on biweekly collections over a 4 yr period. Abun- 
dance and length data of larval fishes collected in the 
epibenthic zone of high salinity tidal creeks were used 
to identify recruitment patterns, and relationships to 
environmental parameters were examined. In this 
study, the term recruitment refers to the arrival of larval 
and postlarval stages of fishes to estuarine epibenthic 
habitats as well as the subsequent utilization of these 
areas by early life stages. 

STUDY AREA 

Collections were made from tidal creeks in the North 
Inlet Estuary, Georgetown County, South Carolina 
(Fig. 1). The 32 km2 Spartina alterniflora marsh estuary 
is strongly influenced by semi-diurnal tides which have 
a mean range of 1.4 m, create peak current velocities of 
up to 2 m S-', and result in more than 40 % of the water 
in the estuary at high tide being flushed to the ocean on 
an average ebb tide (Kjerfve et al. 1982). Salinities in 
this well-mixed system are typically 32 to 35 ppt, but 
during winter periods when freshwater inflow from the 
surrounding forest or Winyah Bay Estuary is high, 
salinities in the tidal creeks may be lowered for weeks 
or months (Fig. 2). 

Both sampling sites were at Town Creek (Fig. 1).  Stn 
DD had a rippled sand bottom superimposed on a 
changeable ridge and swale relief which is typical of 
areas influenced by strong tidal currents. Depth was 
about 4 m at the time of sampling. Sessile epibenthic 
assemblages were not well developed at Stn DD, but, 
at Stn BB, an irregular muddy-sand bottom with a large 

shell component supported growths of algae, sponges, 
bryozoans, octocorals, and hydroids. Current velocities 
were slower and bottom topography was more stable at 
BB where the depth was about 3 m at the time of 
sampling. 

METHODS AND MATERIALS 

Samples were collected with an epibenthic sled 
designed to collect small motile animals within 30 cm of 
the creek bottom. The apparatus consisted of a rectan- 
gular steel frame (51 X 30 cm) which oriented the 
mouth of a 365 pm mesh Nitex plankton net perpen- 
dicular to the bottom. This frame was mounted on a 
horizontal chassis with skis which allowed the sampler 
to be towed across the bottom without digging into the 
sediment. The sled was towed from a small outboard 
boat in the direction on the tide. Water volume filtered 
was estimated with a General Oceanics flowmeter 
(model # 2040) mounted inside of the net mouth. 
Samples were collected every 12 to 15 d from January 
1981 through January 1985. Three sequential tows 
were made along 100 m paths at each location. Collec- 
tions were made about 2 h prior to the mid-day low 
tide. Bottom water temperature and salinity were mea- 
sured in the tow path before the first collection. 

A total of 594 samples were collected, preserved 
with Rose Bengal (0.5 g 1-l) stained buffered formal- 
in, and returned to the laboratory for processing. 
Entire samples were usually analyzed, but when vol- 
umes exceeded about 100 ml, a cylindrical splitter 
was used to obtain a subsample containing no less 
than 12.5 % of the original volume. Abundance 
estimates are mean densities (no. per m3 ? 1 stand- 
ard error) based on 3 replicates from each combina- 
tion of date and station. 

Notochord length (NL) or standard length (SL) was 
measured for up to 100 individuals of each species from 
each date and location. Unidentified fish larvae (Table 
1) were mostly unpigmented yolk sac larvae, but some 
damaged specimens were included. 

Abundance data were transformed to loglo (x+ l )  to 
normalize the distribution and to decorrelate means 
and vanances. Statistical analyses were based on the 
General Linear Model and nested ANOVA procedures 
of SAS (SAS 1982). ANOVAs were performed on trans- 
formed data utjlizing a complete block design (Sokal & 
Rohlf 1981). Each source of variation was considered to 
be nested wi th~n preceding sources of variation (e.g. 
total variation due to date is actually variation due to 
differences among dates within years nested within 
sites). Comparisons of abundance between stations and 
years were with Tukey's Studentized Range Test (Mize 
& Schultz 1985). 
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NORTH INLET 

ATLANTIC OCEAN 

Fig 1. Maps showing the relat~onship between North Inlet and Winyah Bay Estuaries and the location of tidal creek collection 
sites, Stns BB and DD, in the North Inlet Estuary 

Fig. 2. Bottom water temperature and salinity values at Stn BB based on biweekly measurements between January 1981 and 1985 

RESULTS more abundant (Fig. 3).  Periods of low total catch 
densities in spring and fall separated distinct summer 

Larvae were present year-round (97 of 99 sampling and winter assemblages. Species richness was highest 
dates from 1981 to 1985), but distinct seasonal patterns from April through September when larvae represent- 
of abundance were observed each year (Fig. 3). The ing 20 of the 23 families were collected. Larvae belong- 
annual recruitment cycle was characterized by a winter ing to the remaining 3 families (Ophichthidae, 
period (October through March) and a summer period Clupeidae, and Sparidae) only occurred during the 
(April through September) when larvae were much winter (Table 1) .  No genus was represented by larvae 
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Table 1. List of taxa, location of reproduction (Loc.), total number of individuals collected (Total), percent of total catch (V"), 
number of cruises out of 99 on which taxa was collected (Freq.), period (Period) and season (Seas.) of occurrence, water 
temperature range (Temp.), and length range (Size, mm) of larval and juvenile fishes in epibenthic sled collections at North Inlet 
Estuary, South Carolina, USA. Data represent combined catches from 2 locations sampled biweekly from 20 January, 1981 to 21 
January 1985. Symbols for locations of spawning: E, estuary; SC, shallow coastal; DC, deep coastal. Symbols for seasons of 
occurrence: S, summer; W, winter. Note that although the presence of a few small juvenile fishes in the collections resulted in 

large size ranges for some taxa, the majority of individuals of all taxa were close to the smallest size indicated 

Family species Loc. Total '10 Freq. Period Seas. Temp. ("C) Size (mm) 

Ophichthidae, snake eels 
Myrophis punctatus DC 1026 1.04 28 Dec-Mar W 4.2-16.1 48.5-80 0 

Clupeidae, herrings 
Brevoortia spp. DC 17 0.02 7 Feb-Apr V 7.2-14.7 20.3-27.2 

Engraulidae, anchovies 
Anchoa ~ p p . ~  SC/E 4703 4.76 46 Apr-Nov S 8.0-30.0 2.3-20.0 

Batrachoididae, toadfishes 
Opsanus tau E 16 0.02 9 Apr-Aug S 18.2-30.0 18.629.5 

Gobiesocidae, clingfishes 
Gobiesox strumous E 135 0.14 17 Apr-Oct S 18.2-30.0 1.9-11.7 

Atherinidae, silversides E 15 0.02 7 Apr-Aug S 14.0-30.0 2.9-12.3 
Syngnathidae, pipefishes 

Synagnathus spp.b SC/E 183 0.20 39 Feb-Oct S 8.2-30.0 9.0-75.2 
Serranidae, sea basses 

Mycteroperca rn~crolepis D C 1 1 Apr S 19.6 16.3 
Carangidae, jacks 

Chloroscornbrus chrysurus S C 3 2 Sept S 23.2-27.8 7 1-7 7 
Haemulidae, grunts 

Orthopristts chrysoptera SC? 29 0.03 8 Apr-Jun S 14.8-26.1 9 5-14 9 
Sparidae, porgies 

Lagodon rhornboides DC 632 0.64 21 Dec-hiar W 4.2-14.2 11.5-17.4 
Sciaenidae, drums 

Bairdiella chrysoura E/SC 573 0.58 17 May-Aug S 20.6-27.1 2.3-6.3 
Cynoscion nebulosus E/SC 102 0.10 12 Jun-Sep S 23.6-30.0 1.7-5.1 
Cynoscion regalis E/SC 741 0.75 25 Apr-Sep S 20.1-30.0 2.9-8.5 
Leiostomus xanthurus DC 4418 4.47 35 Dec-Slay W 4.5-22.5 9.5-38.2 
Menticirrhus spp.' E/SC 18 0.02 8 May-Oct S 20.6-30.0 2.6-5.8 
Micropogonias undulatur DC 1260 1.27 42 Oct-Apr W 4.2-24.0 5.4-24.8 
Pogonias cromis E/SC 37 0.04 5 May-Aug S 20.1-29.4 3.4-4.6 
Sciaenops ocella tus E/SC 13 4 Jul-Sep S 25.3-28.0 4.9-7.7 
Stellifer lanceolatus E 1 1 Aug S 28.5 8.5 
Unidentified sciaenrd larvae 41 0.04 11 Apr-Sep S 21.5-30.0 2 0-6.9 

Ephipidae, spadef~shes 
Chaetodipterus faber S C 6 3 Jul-Sep S 25.3-28.0 4 3-8.3 

Uran.oscopidae, stargazers 
Aslroscopus sp. SC? 1 1 Oct S 15.2 24 0 

Blenniidae, combtooth blenniesd E 959 0 97 44 Apr-Nov S 18.2-30.0 1 4-17 8 
Eleotridae, sleepers 

Dormitator rnaculatus E l 1 May S 27.5 7.4 
Gobiidae, gobies 

Gobionellus spp.' E/SC? 59 0.06 12 Dec-Apr W 4.2-27.0 9.0-15.4 
Gobiosorna spp.' E 82677 83.60 56 Mar-Oct S 13.2-30.0 1.8-1 8.4 
Microgobius spp.¶ E/SC? 196 0.20 23 Apr-Oct S 18.2-30.0 4.2-11.0 

Triglidae, searob~ns 
Prionotus ~ p p . ~  SC 14 9 Mar-Sept S 10.4-30.0 11.7-30.2 

Bothidae, lefteye flounders 
Citharichthys sp.' SC? 18 0.02 6 Mar-May W 10.3-28.9 9.4-27.3 
Etropus sp.1 SC 3 5 May-Sep S 10.4-28.9 10.3-28.7 
Paralich th ys spp. D C 89 0.09 11 Dec-Apr W 4.2-22.3 8.1-29.5 

Sole~dae, soles 
Tr~nectes maculatus E 220 0.22 21 May-Sep S 22.5-30.0 1.4-4.9 
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throughout the year. Although 45 species of fishes 
occurred in epibenthic sled collections, 3 genera 
(Gobiosoma, Anchoa, and Leiostomus) accounted for 
more than 93 O/O of the total number of larvae collected. 

Summer collections were dominated by gobies 
Gobiosoma spp, and anchovies Anchoa spp. which 
comprised about 84 O/O and 5 % of the total catch, 
respectively (Table 1). Most of the goby larvae were 
naked gobies (G. bosci) (D. Ruple pers. comm.) and 
most anchovies were bay anchovies A. mitchilli. Both 
were present in almost every collection during the 4 
summers. Blennies (Blenniidae), weakfish Cynoscion 
regalis, and silver perch Bairdiella chrysoura were also 
important constituents of the summer larval fish 
assemblage. In winter, spot Leiostomus xanthurus and 
Atlantic croaker Micropogonias undulatus larvae ac- 
counted for about 58 % and 5 % of the total catch, re- 
spectively. Pinfish Lagodon rhomboides and speckled 
worm eel Myrophis punctatus were also common 
winter lamae (Table 1). 

Within each of the seasonal recruitment periods, 
specific arrival times (dates of first occurrence) were 
identified for common taxa, and interannual variations 
were small (Table 2). For example, Gobiosoma spp.,  
Anchoa spp., and Blenniidae were first collected du- 
ring the same 2 to 3 wk period every April-May (Table 
2). Each year silver perch and weakfish arrived in late 
May. Atlantic croakers were the earliest of the winter 
larvae to arrive each year, while spot, pinfish, and 
worm eels were first collected during the same 3 wk 
period every December-January Consistent relation- 
ships were not observed between interannual varia- 
tions in arnval times and corresponding water tem- 
peratures and salinities (Figs. 2, 3, 4, and 5). Interan- 
nual differences in water temperature on the dates of 
first occurrence were often large (up to 12°C). 

The durations of larval recruitment periods within 

taxa did not vary much among years (Table 2). Con- 
tinuous recruitment during well-defined, 5 to 7 mo 
periods occurred for the most common taxa (Tables 1 
and 2). The dates on which larvae of major taxa were 
last collected were as regular as dates of first collection. 

In general, summer larvae were smaller (< 5 mm) 
than winter larvae (> 10 mm). Among taxa, length 
ranges varied considerably, but within taxa, length 
distributions were similar each year (Table 1; Figs. 4 
and 5). Smallest mean lengths usually occurred near 
the beginning and largest individuals were usually 
collected near the end of each period; however, small 
individuals were present throughout the recruitment 
periods of most common taxa. 

Abundance patterns were highly variable within the 
recruitment periods of all major taxa (Figs. 4 and 5). 
Variability associated with cruise dates accounted for 
the largest (52 to 87 %) source of variability in nested 
ANOVAs for each of the 6 most abundant taxa 
(Table 3). The shapes of abundance curves and the 
timing and magnitude of peak densities differed as  
much within taxa as between taxa during the 4 yr study 
(Figs. 4 and 5). There were no consistent relationships 
between short-term fluctuations in abundance, water 
temperature, and salinity (Figs. 2 ,  4 and 5). 

In the nested ANOVAs, interannual variations in 
abundance usually accounted for less than 10 O/O of the 
total variability in the dataset (Table 3). Compansons of 
annual mean abundance within taxa indicated that 
differences were usually not significant (Table 4). 
Major winter taxa, especially spot, Atlantic croaker, 
and pinfish, were most abundant in 1983 and 1984 
(Table 4; Fig. 5) when salinities were lowest (Fig. 2). 
Gobies, anchovies, and blennies were least abundant 
following the wet winters of 1983 and 1984 (Table 4; 
Fig. 4 ) .  

The total larval fish catch was larger at creek site BB 

Table 2. Comparisons of the duration of periods of recruitment to epibenthic habitats (Wks = number of weeks prrsent) and dates 
of first collection (Date) among years for the 8 most abundant l a n d  fish taxa 

Summer fishes l. S8 l 1482 1983 1984 

Wks Date Wks Date Wks Date Wks Date 
- 

Gobjosoma spp. 26 Apr 17 26 Apr 20 2 6 Apr 26 26 Apr 12 
Anchoa spp. 20 Apr 30 26 Apr 7 20 May 10 20 Apr 30 
Bairdiella chrysoura 8 Jun 1 8 hlay 19 8 May 24 6 Ylay 11 
Blenniidae 24 Apr 30 24 Apr 20 16 May 10 24 Apt 30 

Winter fishes 1981/82 1982/83 1983/84 1984/85 

Wks Date Wks Date Wks Date Wks Date 

Leiostomus xanthurus 18 Dec 21 22 Dec 15 22 Jan 3 > Jan 4 
iMicropogonias undulatus 22 Nov 24 28 Oct 29 24 Nov 18 - Oct 5 
Lagodon rhornboldes 14 Dec 9 12 Jan  13 12 Jan 3 > Jan 4 
lMyroph~s punctatus 14 Dec 9 18 Nov 29 14 Dec 19 Dec 6 
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Fig. 4. Gobiosorna spp. and Anchoa spp. Densities (mean _t 1 standard error) expressed as number m-3 of gobies and anchovies in 
biweekly epibenthic sled collections at Stn BB and corresponding length distributions for those dates on which at least 10 
individuals were collected. On length distribution plots, open circles indicate median length and solid Lines terminate at the 

minimum and maximum length for that date 
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Table 3. Partial results of nested ANOVAs for the 8 most 
abundant larval fish taxa. Values represent the percent of the 
total variability accounted for by location (Loc.), year (Yr), 

cruise date (Cr.) ,  and replication (Rep.) 

Gobiosoma spp. 9 
Anchoa spp. 0 
Baird~ella chrysoura 5 
Blennildae 0 
Leiostomus xanthurus 18 
Micropogonias undulatus 11 
Lagodon rhomboides 4 
Myrophis puncta tus 0 

than that near the inlet (DD) on 81 of 99 sampling 
dates. All major taxa were consistently more abundant 
at BB (Table 4 ) .  Patterns of abundance within and 
among years were similar at  BB and DD (Fig. 3), and a 
significant positive relationship was found between the 
abundance of total larval fishes at the 2 locations (r2 = 

0.75, p < 0.01, n = 99). The timing and duration of 
recruitment periods and the size distributions of larvae 
of all major taxa were very similar at the creek and inlet 
site each year. 

DISCUSSION 

Seasonal patterns of larval fish recruitment to 
epibenthic habitats in North Inlet Estuary were very 
regular Arrival times of major taxa were consistent 
with reports on the timing of recruitment elsewhere in 
their geographic ranges (see Hildebrand & Cable 1930, 
1934, 1938, Dahlberg & Conyers 1973, Chao & Musick 
1977, Powles & Stender 1978, Colton et al. 1979). In the 

present study, the seasonal patterns of larval recruit- 
ment to subtidal epibenthic habitats were consistent 
with the results of previous studies in North Inlet Estu- 
ary which focused on the utilization of intertidal 
habitats by winter larvae (Shenker & Dean 1979, Boze- 
man & Dean 1980, Beckman & Dean 1984) and subtidal 
areas by juvenile fishes (Ogburn et  al. 1988). Even 
though the timing and duration of larval fish recruit- 
ment into North Inlet Estuary was expected to be pre- 
dictable, such a high degree of regularity was surpris- 
ing. Only minor interannual variations in arrival times 
occurred despite water temperatures on dates of first 
collection differing by as much as  12 "C among years. 
Recruitment periods were of similar duration even du- 
ring years when salinity was significantly lower for 
weeks or months. Date was the most accurate predicter 
for the initiation and completion of larval recruitment 
periods. 

Interannual variations in larval fish abundance were 
typically small with annual means of most taxa differ- 
ing by a factor of 2 or less. Significant differences were 
demonstrated between years of lowest and highest 
abundances, but, for the common taxa, the differences 
were always less than a factor of 5. Few multiple year 
studies of estuarine ichthyoplankton abundance are 
available for comparison. Able (1978) showed that 
annual mean densities of one of the most abundant 
larval fishes (Mallotus villosus) in the St. Lawrence 
Estuary varied by less than a factor of 2 during a 3 yr 
study. However, the abundance of other common taxa 
varied by factors as large as several hundred. In a study 
of interannual variations in larval anchovy abundances 
based on 13 yr of data from coastal California, Peter- 
man et  al. (1988) demonstrated differences were less 
than a factor of 6. Hamley et al. (1983) observed 15- to 
20-fold differences in the mean abundance of several 

Table 4 .  Comparisons of abundance among years and between locations for the 8 most abundant larval fish taxa. For Anchoa spp , 
Leiostomus xanthurus, and Micropogonias undulatus, interaction terms between stations and years in ANOVAs were significant, 
so Tukey l-factor analyses were performed. Years and station-years are listed in order of decreasing abundance, and those not 
connected by a line are significantly different (p <0.05). DD is the sampling location near the ocean entrance to North Inlet, and 

BB is the upestuary tidal creek site. 'Differences between stations were significant (p <0.05) 

Summer fishes 
Gobiosoma spp 

Anchoa spp. 
Bairdiella chrysoura 

Blenniidae 

Winter fishes 
Leiostomus xanthurus 

Micropogonias undula tus 
Lagodon rhom boides 

Myrophis puncta tus 

BB' > DD 

BB > DD 

BB' > D D  

BB' > DD 
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larval fishes during an  8 yr study in Lake Erie. More 
information is available on the magnitude of interan- 
nual variations of adult than of larval fish abundances, 
especially in the case of commercially harvested 
species. Generally, the size of adult fish stocks (Le, the 
reproductive potential) does not correspond well to the 
size of the pool of recruiting larvae (i.e, the reproduc- 
tive success). Variable survival rates among early life 
stages of fishes appear to be the most important pro- 
cesses affecting the dynamics of commercially impor- 
tant fish populations (Steele et al. 1980). 

The largest year-to-year variations in abundance 
observed in North Inlet Estuary were for the winter 
taxa. Significantly higher densities of Atlantic croaker, 
spot, and  pinfish occurred during the winters of 1983 
and 1984 when increased freshwater inflow from 
Winyah Bay depressed salinities in the tidal creeks for 
several months. It is possible that larger year classes 
(spawning success and early life stage survival rates) of 
all 3 dominant winter species occurred in 1983 and 
1984 or that wind conditions associated with wet 
weather patterns affected coastal water mass dynamics 
in such a way that higher numbers of larvae arrived at 
local inlets. Once inside the estuary, recruiting postlar- 
vae may have found the low salinity conditions more 
suitable than the high salinity conditions typical of the 
tidal creeks of the North Inlet Estuary. This hypothesis 
is consistent with the results of studies from stratified 
estuaries in the southeastern USA which have shown 
that immigrating Atlantic croaker, spot, and pinfish 
postlarvae move toward freshwater and utillze upper 
reaches of estuaries as nursery areas; salinity may be  
the primary factor affecting these recruitment and 
abundance patterns (Weinstein et al. 1980, Holt & 
Strawn 1983, Rogers et  al. 1984, Rozas & Hackney 
1984). Since low salinity conditions in North Inlet result 
in the increased utilization of the creeks by winter 
larvae, these epibenthic habitats appear to be habit- 
able but probably not optimal recruitment areas during 
drier winters. 

Although interannual variations in mean densities 
were less for summer taxa, gobies, anchovies, and 
blennies were least abundant in 1983 and 1984 follow- 
ing periods of low salinity. Goby and blenny abundan- 
ces were significantly lower in 1983 than in 1984, 
possibly because salinity levels were lower in 1983 (< 
10 for 1 mo). Lower densities of gobies, blennies, 
and other species may have been related to major 
reductions in amounts of sponges, bryozoans, hydroids, 
and octocorals collected by the epibenthic sled follow- 
ing wet winters. Changes in the characteristics of these 
microhabitats may have negatively impacted spawning 
or the survival or early life stages, especially by resi- 
dent fish species which utilize these epibenthic areas 
throughout their life cycles. 

Fluctuations in abundance within years accounted 
for the largest sources of variation for all major taxa. 
Differences in abundance among sampling dates were 
typically large and irregular, and did not appear to be 
related to short-term fluctuations in water temperature 
or sahnity. Some of the largest differences between 
consecutive biweekly collections occurred during 
periods of stable environmental conditions (summer). 
For each taxon, significantly higher densities usually 
occurred on 1 or 2 dates each year, but the timing of 
these peaks was not predictable. However, within 
years, peak densities of several major taxa often oc- 
curred at  about the same time. Pulses or waves of 
larvae originating from distant spawning grounds have 
been described from many areas (Modde 1980, Frank & 
Leggett 1983, Beckman & Dean 1984, Rogers et al. 
1984, Ruple 1984). In many instances, the timing of 
arrivals at estuarine recruitment areas has been linked 
to specific hydrographic events (Fortier & Leggett 1982, 
d e  LaFontaine et al. 1984, Norcross & Shaw 1984). 
Although patterns of coastal water mass changes out- 
side of North Inlet may have affected recruitment pat- 
terns of winter larvae, these processes are probably not 
useful in explaining the high variability observed for 
larval fishes produced within the creeks (e.g. gobies, 
blennies). High initial mortality is typical of larval 
fishes and variations in survival rates within the first 
few days following hatching could also contribute to 
the highly irregular abundance patterns. Large fluctua- 
tions in abundance between sampling dates may also 
be related to spatial and temporal patchiness resulting 
from uneven reproduction and formation of aggrega- 
tions of larval fishes (Houde & Lovdal 1985). Conta- 
qious distributions of organisms influence sampling 
effectiveness and complicate the interpretation of 
abundance data. In North Inlet, the variability associ- 
ated with replication within dates was consistently less 
than that among dates. The patchiness of larvae at the 
sampling sites did not alone account for the large 
differences in abundance observed among dates. 

Regardless of the sizes or sources of variations in 
larval abundance, recruitment appeared to be a con- 
tinuous process within long and well-defined periods. 
Periodic or synchronous spawnings may have occurred 
within adult populations, but the presence of small 
larvae throughout the periods indicated continuous 
production and arrival. In northern estuaries, where 
larval recruitment periods are typically short (weeks), a 
succession of taxa occurs dunng the warm months. de 
LaFontaine et al. (1984) speculated that this strategy 
tends to reduce competit~on for resources among taxa, 
thus increasing the Likelihood of survival for all con- 
stituents. In tropical areas, larval production and 
recruitment extends over longer periods (months to 
year round) and there is considerable overlap among 
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species (Houde & Lovdal 1984). Larval fish recruitment 
periods in North Inlet Estuary appear to be intermedi- 
ate between these extremes. The simultaneous occur- 
rence of many taxa may not be advantageous to the 
recruitment success of an individual taxon. Density- 
dependent survival could explain some of the high 
variability in abundance among dates that was 
observed. If short-term inter- or intra-specific competi- 
tion for food or refugia were high, one would expect 
continuous recruitment over longer periods to be  a 
compensatory mechanism which would increase the 
likelihood of survival for some portion of a year class. 
More research on trophic requirements and competi- 
tion among larval fishes is necessary to address this 
hypothesis. 

Larval stages of estuarine fishes are often stratified 
within the water column and many are most abundant 
near the bottom (Hildebrand & Cable 1930, Pearcy & 
Richards 1962, Able 1978, Weinstein et  al. 1980, Jahn & 
Lavenberg 1986). Although vertical distributions of lar- 
vae probably vary on scales of minutes to months, a 
review of ichthyoplankton surveys throughout the wide 
geographic range of the most common North Inlet 
species suggests some common patterns. In general, 
larval fish studies based on collections made with 
epibenthic samplers demonstrate the dominance of 
gobies (Dokken et  al. 1984, Stubblefield et  al. 1984, this 
study) and those which were based on oblique or sur- 
face net hauls indicate the prevalence of engraulid and 
atherinid species (Dove1 1981, Olney 1983, Cowan & 
Birdsong 1985, Roper 1986). The dominance of larval 
Gobiosoma spp. in sled collections from North Inlet 
Estuary reflects the proximity of the sampling sites to 
optimal oyster shell spawning habitats (Dahlberg & 
Conyers 1973, Crabtree & Middaugh 1982) and the 
tendency of presettling larvae to aggregate and swim 
close to the bottom (Breitburg 1987). If the upper por- 
tion of the water column were sampled, we would 
expect other species, especially anchovies, to comprise 
larger proportions of the ichthyoplankton of North Inlet 
Estuary than the results of the epibenthic sled program 
indicate. Large underestimates of the abundance of 
several species of flatfishes, serranids, herrings, mul- 
lets, and jacks, which first arrive in the estuary at a 
more advanced and motile stage, probably resulted 
from the ability of these larvae and postlarvae to avoid 
the sampling device. Limitations in the effectiveness of 
collection gear are important to consider in assessing 
patterns of habitat utilization and in comparing results 
of different ichthyoplankton studies. 

Differences between the creek and inlet sampling 
sites accounted for a small portion of the total variabil- 
ity within the dataset, but significant differences in 
abundance were observed for most taxa. Higher abun- 
dances at the creek site suggest that areas with a high 

diversity of microhabitats may have been more favor- 
able to the survival of recruiting larvae. The availability 
of food resources and refuges from predators may have 
been higher in this more complex epibenthic habitat. 
Despite consistently higher densities of both summer 
and winter taxa at  the creek site, the taxonomic com- 
position, size distribution, and relative abundance of 
species were very similar at  the 2 locations. These 
similarities and the significant positive correlation 
between the abundance of larval fishes at the 2 sites 
indicate that the factors influencing intra- and interan- 
nual fluctuations in abundance were operating on a 
larger spatial scale. Ecosystem level changes in 
environmental conditions appeared to have similar 
effects on the production, immigration, or survivorship 
of early life stages of the various taxa comprising the 
winter and summer assemblages. Other information 
supporting this conclusion include the small inter- and 
intraannual variations in rankings and ratios of abund- 
ance of major taxa within the seasonal assemblages. 
However, more frequent sampling will be  necessary to 
elucidate the relationships between patterns of larval 
fish recruitment and ecosystem parameters. 

The degree to which characteristics of recruiting 
larval fish populations could be predicted from year to 
year was surprisingly high. These patterns persisted 
despite interannual fluctuations in winter salinities, 
which probably represented the maximum extent of 
such ecosystem level disturbances. Together, these 
observations suggest that responses of larval fish popu- 
l a t ion~  to major changes in the estuarine environment 
are more strongly expressed as alterations in the mag- 
nitude than in the timing of habitat utilization. 
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