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ABSTRACT: Winter flounder Pseudoplellronectes americanus collected a t  selected locations in Long 
Island Sound (LIS). New York, and Narragansett Bay (NB). Rhode Island, USA, were spawned in the 
laboratory and the larvae reared for a month after hatching. In 1987 the average size of yolk-sac larvae 
varied widely among locations. Moreover, a direct correlation was observed between size of yolk-sac 
larvae and survival for the first month of life. Fish from NB produced the smallest larvae with the lowest 
survival rate. The Madison site In LIS produced the largest ydlk-sac larvae with the highest survival 
rate. Size and biochemical composition ( ~ t g  larva-') of yolk-sac larvae were correlated. Dry weight and 
RNA content were the best predictors of survival potential among the variables considered (protein, 
DNA, lipid content, and RNA/DNA ratio). In 1988 little difference was observed in viable hatch or 
welght of yolk-sac larvae among locations. While no signlflcant difference in larval survival was 
observed between NB and LIS fish, survival was higher in the Madison group than the Morris Cove 
group from LIS. These data suggest that when differences in size among newly hatched larvae are 
sufficiently large, survival potential can be affected. 

INTRODUCTION 

Temperate marine fishes typically produce large 
numbers (thousands to millions) of small eggs (micro- 
grams to milligrams dry weight). Survival through the 
embryonic and larval periods is low, frequently on the 
order of a few percent or less. Small changes in mortal- 
ity rates during the early life stages can result in large 
and unpredictable changes in fish population abun- 
dance (Cushing 1975, Hunter 1981, Houde 1987). 

Two potential contributors to differences in survival 
potential of individual eggs and larvae are size and 
biochemical composition. The embryos of most o \ - p  11 ar- 
ous fishes are dependent upon material deposited in 
the developing oocyte to supply substrates for energy 
production and growth during the period from ovula- 
tion to initiation of feeding. Since a spawning fish has a 
finite amount of energy and metabolites to devote to 
reproduction, a balance must be  achieved between size 
(mass) of an individual egg and the total number of 

eggs produced (Tanasichuk & Ware 1987). While it is 
generally believed that larger larvae have a survival 
advantage over smaller larvae, direct experimental evi- 
dence supporting this assumption is limited (von West- 
ernhagen 1988). 

The winter flounder Pseudopleuronectes arnericanus 
is a n  important resource species found off the northeast 
coast of North America. The population consists of 
numerous local stocks that spawn demersal, adhesive 
eggs in the different estuaries, bays and offshore banks 
along the coast (Perlmutter 1947, Saila 1961). Spawn- 
ing extends from late winter through early spring. After 
spawning, adults may move offshore to deeper, cooler 
water but return to the spawning estuary in the fall 
with a high degree of consistency. 

This study was undertaken to examine the variability 
in size, composition, and survival potential of winter 
flounder Pseudopleuronectes arnericanus larvae from 
different spawning sites, and the relations among these 
variables. Collection locations were selected to include 
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a wide range of urbanization and anthropogenic con- 
tamination (Nelson et al. 1991). We determined the size 
(standard length and dry weight) and chemical com- 
position of winter flounder larvae just prior to feeding 
initiation and related these data to their survival for the 
first month of life under standard rearing conditions. In 
a companion study (Buckley et al. 1991) we examined 
the factors affecting egg size and fecundity of winter 
flounder spawning at  a single location over the spawn- 
ing season. This work is part of a larger study on the 
effects of environmental and parental factors on the 
size, biochemical composition, and survival potential of 
winter flounder eggs and larvae. 

METHODS 

Adult winter flounder Pseudopleuronectes amen- 
canus from Long Island Sound (LIS), New York, USA, 
were collected with a n  otter trawl in February 1987 and 
again in February 1988, and transported live to the 
NMFS Milford Laboratory, Milford, Connecticut (Nel- 
son et  al. 1991). Collection sites were Hempstead, New 
York; Shoreham, New York; Morris Cove, Connecticut; 
and Madison, Connecticut (Fig. 1). Fish were held for 
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Fig. 1. Collection sites in Long Island Sound and Narragansett 
Bay, USA. (1) Hempstead, (2) Shoreham, (3) Morris Cove, (4) 
Madison, (5) lower West Passage Narragansett Bay, (6) upper 

Narragansett Bay 

up to 4 wk in running seawater at  ambient temperature 
(1.0 to 4.7 "C) until ripe. Fish were spawned between 23 
February and 20 March 1987 (ambient temperature 1.7 
to 4.7"C) and between 9 February and 12 March 1988 
(ambient temperature 1.7 to 4.4"C). Eggs were 
stripped, fertilized, and coated with diatomaceous 
earth according to techniques developed by Smigielslu 
& Arnold (1972). Fertilized eggs were transferred to 
Nitex' mesh baskets and incubated in flowing sea- 
water at ambient temperature until transported to the 

' Reference to trade names does not imply endorsement by 
the United States Government 

NMF's Narragansett Laboratory usually within 2 d of 
spawning. Upon arrival at the Narragansett Labora- 
tory, embryos were acclimated to either 7°C (1987) or 
5°C (1988) at the rate of l "C per 6 h. 

Adult Pseudopleuronectes arnericanus, caught in the 
lower West Passage of Narragansett Bay (NB), Rhode 
Island, on 9 March 1987, spawned between 10 and 20 
March 1987. Fish caught at this site on 11 March 1988 
spawned between 12 and 17 March. In 1988 several 
collections of adult winter flounder were made in upper 
NB between January and March (Buckley et al. 1991). 
Only upper NB fish spawning between 13 February 
and 18 March were used for comparison with other 
locations, since these dates encompassed the spawning 
dates for the other areas. Fish were transported to the 
Narragansett Laboratory and held in flowing seawater 
at  ambient temperature (< 8.0°C). Most fish spawned 
within 4 wk of capture. Eggs were stripped and han- 
dled as described for LIS flsh except that embryos were 
incubated in a constant-temperature room at ?'C in 
1987 and 5°C in 1988. During the 1988 spawning 
season fertilization and hatch rates were determined as 
described in Buckley et  al. (1991). 

Within 3 d after hatching, duplicate groups of 100 
larvae each were transferred to 36 1 glass tanks covered 
on 4 sldes with black plastic and set in a constant- 
temperature room maintained at 7 "C. Tanks contained 
filtered seawater to which 1 1 of a dense culture of the 
unicellular alga Tetraselmis sp. had been added. Tanks 
were gently aerated and salinities maintained between 
28 and 30.5%'. When the larvae were first judged 
capable of feeding, generally on Day 3, any dead 
larvae were replaced. 

In 1987 larvae were fed cultured rotifers (Brachionus 
plicatilis) and wild plankton at concentrations of 500 
rotifers and 500 wild plankters 1-'. Rotifers were mass 
cultured on the alga Tetraselmis sp. Zooplankters were 
collected in the Narragansett Bay area using 55 and 
110 pm mesh plankton nets. Only the portion passing 
through a 210 pm mesh was used. This fraction con- 
sisted of copepod nauplii, copepodites, and adults in 
addition to rotifers. Plankton densities were adjusted 
6 d wk-l back up to 500 rotifers and 500 wlld plankters 
1-l. Counts of prey items were made on duplicate 50 m1 
samples concentrated with a 55 ,um Nitex screen prior 
to counting. 

In 1988 larvae were fed cultured rotifers (Brachionus 
plicatilis) at the rate of 2000 rotifers 1-' d-' After estab- 
lishing the density of a rotifer culture, a volume corre- 
sponding to 72 000 rotifers was concentrated on a sieve 
and added to each tank 6 d wk-l No wild plankton 
was added and prey counts were not made on the tanks 
holding the larvae in 1988. 

The feeding regime was changed from the earlier 
protocol in an  attempt to raise overall survival rates and 
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Table 1 Pseudopleuronectes amerjcanus. Dry weight and biochemical composition of yolk-sac winter flounder larvae produced 
by adults collected in Narragansett Bay and Long Island Sound, USA, during the 1987 spawning season. Values are means ? 1 
SD. In each row, values with a letter In common are not s~gn~ficantly different (ANOVA, Tukey test, p 10.05.  SAS Institute Inc. 

1985). See Fig. 1 for site locations 

Site 

Madison Hempstead Shoreham Morris Cove Narrangansett Bay 

n 6 9 5 7 6 
Weight (pg) 31.9 f 2.7 a 29.4 2 3.2 a. b 24.8 + 4.5 b, c 26.7 k 4.1 a,  b 20.2 f 3.5 c 
RNA (yg larva-') 1.46 f 0.15a 1.37 ?0.19a,  b 1.27 +.0.15a, b 1 .35&0.19a,  b 1.11 f 0 . 1 3 b  
DNA (pg larva-') 0.44 0.04 a 0 . 4 2 f  0.04a, b 0 .40+0.04a,  b 0 .42&0.05a,  b 0 . 3 6 f 0 . 0 2 b  
Protein (pg larva-') 17.9 f 2.4 a 18.4 + 2.6 a 14.2 f 2 9 a  16.6 f 3.0a 14 O f  2.0a 
Lip~d (b~g larva-') 4.29 f 0.63 a 4.56 k 0.51 a 3.95 k 0 53 a,  b 4.60 f 0 77 a,  b 3.95 + 0.53 b 
RNA/DNA 3.35 f 0.17 a 3.26 f 0.19a 3.20 k 0.11 a 3.20 k 0.23 a 3.05 f 0.28 a 

to facilitate work with larvae from the large number of 
fish spawned during the 1988 season. In 1987 the wild 
plankton was observed feeding on the rotifers and 
there was some concern that survlval of the youngest 
larvae may have been limited by the availability of 
sufficiently small prey items. Larval survival rates, 
however, were very similar between years. Because of 
the changes in the feeding regime and differences in 
the spawning schedule, no direct comparisons of 
growth and survival rates were made between years. 

After 28 d the tanks were drained and the survivors 
counted, measured, and weighed. Any physical abnor- 
malities were noted at  this time. 

Initial samples for determination of standard length, 
dry weight and chemical analysis were taken 3 d after 
hatching from stock tanks from which the experimental 
larvae were removed. Standard lengths were measured 
on live unpreserved specimens with a filar micrometer 
in a dissecting microscope. Larvae were rinsed in dis- 
tilled water, pipetted onto a plastic petri dish, freeze 
dried and weighed to the nearest 0.1 11g on a Cahn 
automatic electrobalance. During the 1987 spawning 
season, 3 groups of 50 yolk-sac larvae each were 
homogenized in 2.0 m1 of ice-cold distilled water 
using an  STD Tissumizer mechanical high-frequency 
homogenizer. Subsamples of 1.4, 0.075 and 0.4 m1 of 
homogenate were used for analysis of nucleic acids, 
protein and lipid content, respectively. Nucleic acids 
and protein were determined as described in Buckley 
(1979). Total lipid content was determined using the 
sulphophosphovanillin method (Barnes & Blackstone 
1973). Chemical analysis was not performed on larvae 
from the 1988 spawning season. 

Data analysis was done using SAS System software 
for personal computers (SAS Institute Inc. 1985). 
Square root transformation was applied to percent sur- 
vival values [(survival+O.5)'"] and arcsine transforma- 
tion applied to fertilization and viable hatch rates [arc- 
sine(%/100)"] prior to analysis of variance and regres- 
sion analysis (Steel & Torrie 1960). 

RESULTS 

1987 spawning season 

Eggs were obtained from 7 females from lower NB 
(Site 5) and 29 females from 4 locations (Sites 1 to 4) 
in LIS (Fig. 1). Fertilization and hatch rates of eggs 
stripped from LIS fish were variable, ranging from 78 to 
93 '10 and from 45 to 84 '10, respectively (Nelson et  al. 
1991). Similar data are not available for Narragansett 
Bay fish in 1987. Significant differences (ANOVA, 
p 5 0.05) were observed in the size and chemical com- 
position of newly hatched winter flounder larvae pro- 
duced by fish collected at  the different locations (Table 
1). Lower NB fish produced the smallest yolk-sac lar- 
vae, while fish collected at the Madison site in LIS 
produced the largest. 

Survival of Pseudopleuronectes amencan us from all 
locations for the first month was low (mean 3 %, range 
0 to 18%) compared to other species of temperate 
marine fish reared in the laboratoly (Buckley et al. 
1987). Of the 5 locations studied, survival was lowest 
for fish from NB, where only 1 larva in 1400 survived for 
the 28 d duration of the experiment (Table 2). Among 

Table 2. Pseudopleuronectes arnericanus. Survival of winter 
flounder for the first month of llfe during the 1987 spawning 
season. Values indicate number of females spawned (n), mean 
larval survival, and mean rank (Wilcoxon score, SAS Institute 
Inc. 1985) for a given site. Mean ranks with a letter in common 
are not significantly different (p10.05,  Kruskal-Wallis test, 

SAS Institute Inc. 1985). See Fig. 1 for site locations 

Site n Survival Mean rank 

("/.l 

Madison 6 6.00 25.4 a. b 
Hempstead 9 4.83 26 9 a  
Morris Cove 9 2.28 14 5 b, c 
Shoreham 5 1.50 15 2 a ,  b,  c 
Narragansett 7 0.07 9.2 c 
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LIS fish, those from Madison produced the highest 
percentage of surviving larvae (6.0 %), while fish from 
Shoreham produced the lowest (1.5'Yo). Analysis of 
variance of rank scores indicated significant differ- 
ences (p  50.05)  in survival between NB fish and cer- 
tain of the LIS groups and between the Hempstead and 
Morris Cove sites in Long Island Sound (Table 2). Daily 
counts and removal of dead larvae, while not strictly 
quantitative, suggested that most of the mortality 
occurred during the second and third weeks. This cor- 
responds to the time of completion of yolk absorption 
and initiation of feeding at  7°C (Buckley 1982). The 
percentages of surviving larvae that were bent or 
otherwise malformed were: Hempstead 27 O/O, 

Shoreham 20 %, Madison 8 %, and Morris Cove 2 %. 
Surviving larvae from Madison (6.85 mm standard 
length) were the largest after 1 mo of feeding (Table 3), 

Table 3. Pseudopleuronecles americanus. Mean length of 
survivors from the 1987 spawning season. Values indicate 
number of larvae measured (n) and mean standard length + 1 
SD. Mean lengths with a letter in common are not sign~ficantly 
different (ANOVA, Tukey test, pS0.05, SAS Institute Inc. 
1985). Bent or deformed larvae were not included In the 

analysis. See Fig. 1 for site locations 

Site n Standard length 

(mm) 

Madison 66 6.85 + 0.94 a 
Hempstead 63 6 14 k O 9 0 a ,  b 
Shoreham 12 6.06 * 0.75 b 
Morris Cove 40 5.98 f 1.48 b 

significantly 

same site showed a strong positive relation between 
these 2 variables (Fig. 2 ) .  When data from all locations 
were combined, significant correlations were observed 
among percentage survival (S%), dry weight, and 
chemical content of larvae shortly after hatching (Table 
4 ) .  Dry weight of yolk-sac larvae was more highly 

20 25 30 35 

DRY WEIGHT &G) 

Fig. 2. Pseudopleuronectes americanus. Relation between 
mean dry weight of yolk-sac larvae and survival for the 
1987 spawning season. Points are means for collection sites. 
(1) Hempstead, (2) Shoreham, (3)  Morris Cove, (4) Madison, 

(5) lower West Passage Narragansett Bay 

correlated cv~th survival than was any single class of 
biomolecules. The relation between So/" and dry weight 
(1-19) of yolk-sac larvae from ~ndividual females was 
described by the equation: 

(S% + 0.5)'" = (0.116 X weight) - 1.566, n = 31, r = 0.62 

Addition of the content of any single class of biomolecu- 
les to the regression model as a second independent 

larger than larvae from Shoreham and variable removed very little of the unexplained variation 
Morris Cove (ANOVA, p 5 0.05). No evidence of com- in survival. 
pensatory growth was observd, as the rank order of 
larval size among spawning locations remained rela- 1988 spawning season 
tively unchanged between hatching and 1 mo of life. 

A plot of the mean survival of larvae from a given site Embryos from a total of 23 f ~ s h  caught at  2 locations 
against the mean weight of yolk-sac larvae from the in LIS (Madison and Morris Cove) were transported 

Table 4.  Pseudopleuronectes americanus. Correlations among survival for first 4 wk of life, dry weight, and biochemical content 
(ug larva-') of winter flounder withln 3 d of hatchng. Values are correlation coetficients (rJ for the 1987 spawnlng season. n = 3U 

See Fig. 1 for site locations 

Survival Weight RNA DNA Protein Lipid 

Survival 
Weight 
RNA 
DNA 
Protein 
Lipid 
RNA/DNA 
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Table 5 .  Pseudopleuronectes americanus. Size of yolk-sac larvae and viability of winter flounder spawned by fish from 
Narragansett Bay (NB) and Long Island Sound (LIS), USA, In 1988. Values are means k 1 SD. In each column, values with a letter 

in common are not statistically different (ANOVA, p 10 .05)  

Location No. of Female Spawning Initial larval Fertility Viable Survival' 
females length date weight hatch 

(mm) (Julian day) (9) (%l  (Yo) ( "10 1 

Upper NB2 16 319 f 40 51 k 3  29.7 k 3 . 4 a  9 2 5  f 10.6a. b 71.7-+21. la  2 6 f 2 . 8 a ,  b 
Lower NB 9 336 f 41 74 k 1 25.6 2 4.4a 93.1 2 11.8a 84.0+ 7.0a 2.9 f 2.2a,  b 
Madison, LIS 9 288 f 48 68 f 3 27.0 2 4 . 8 a  83.2 2 8 .2b ,  c 7 5 . 8 2  11.9a 4.8 f 4.3a 
Morris Cove, LIS 14 315 -1- 42 5 1 f 3  2 9 . 5 2 4 . 5 a  7 9 . 4 2  1 3 . 0 ~  6 8 . 8 2  17.2a 1 4 f 2 . 2 b  

' Analysis of variance of rank scores 
Only females spawning between Julian Day 44 and 78 were used in this analysis 

from the Milford Laboratory to the Narragansett 
Laboratory within several days of spawning. Embryos 
were obtained from 9 females from lower NB. To 
minimize any effect of spawning time on the results, a 
subset (n = 16) of the fish spawned from upper NB was 
used for purposes of comparison with fish from lower 
NB and LIS. Only fish spawned between Julian Day 44 
and 78 were selected, corresponding to the range of 
spawning dates for the other locations. 

No significant difference (p 5 0.05) among sites was 
observed in viable hatch rates or the weight of yolk-sac 
larvae (Table 5). Fertilization rate was highest in fish 
from NB. While no significant difference (p 2 0.05) in 
larval survival was observed between NB and LIS fish, 
survival was significantly higher in the Madison group 
than the Morris Cove group from LIS (Table 5). No 
significant correlation was observed between size 
(standard length or dry weight) of yolk-sac larvae and 
survival for the first month of life. 

DISCUSSION 

The daily mortality rate for winter flounder Pseudo- 
pleuronectes americanus larvae in our study averaged 
13 % d-l for the first month after hatching. Black et  al. 
(1988) reported a value of 4 % d-' for winter flounder 
larvae reared for a p e ~ l o d  of 2 mo under similar condi- 
tions. Laurence (1977) found that prey density had a 
strong influence on survival of winter flounder to 
metamorphosis in the laboratory. He reported daily 
mortality rates of 9 and 7 % d-' at prey densities of 500 
and 1000 plankters ml-', feeding levels similar to those 
maintained in our study. The higher mortality rate 
observed in the present study may have been due in 
part to the shorter rearing period that was chosen to 
encompass the period of high mortality shortly after 
yolk absorption. Estimates of natural mortality of 
winter flounder larvae in a small Connecticut estuary 
were high for the first month of life (20 % d-l), decreas- 

ing to 9 % d-' during the second month (Pearcy 1962). 
These estimates of natural mortality included mortality 
due to starvation and predation, but were corrected for 
transport of larvae out of the estuary. 

For the 1987 spawning season our data show clear 
differences in size and survival of winter flounder lar- 
vae produced by adults collected in different locations 
in LIS and NB and a correlation between size of yolk- 
sac larvae and survival for the first month of life. The 
range in size of yolk-sac larvae produced during the 
1988 spawning season was smaller, and no significant 
correlation was observed between larval size and survi- 
val for the first month of life. While lower NB produced 
the smallest larvae in both years, the differences in size 
among groups were not significant in 1988. Some lower 
NB fish produced extremely small winter flounder lar- 
vae in 1987 compared to other years and locations. 
Black et al. (1988) found differences in size of newly 
hatched winter flounder between locations in Nar- 
ragansett Bay and Buzzard Bay, but no significant 
difference between locations in survival for the first 
2 mo of larval life. The differences in size of yolk-sac 
larvae from different locations observed in our study in 
1987 were considerably greater than those reported by 
Black et al. (1988) and may explain the difference in 
results. 

Correlations between egg size and larval size have 
been observed in several fishes, including trout (Gray 
1928), herring (Blaxter & Hempel 1963) and winter 
flounder Pseudopleuronectes amencanus (Buckley e t  
al. 1991). Generally, larger eggs produce larger larvae 
(Miller et  al. 1988). Blaxter (1969) stated that 'larger 
larvae may be  expected to be  stronger, better swim- 
mers, less susceptible to damage, and less liable to 
predation'. It is also expected that larger larvae are 
better able to capture and assimilate food. Blaxter & 
Hempel(1966) found that larger Atlantic herring larvae 
survived longer without food than those hatched from 
smaller eggs. Seasonal and regional differences in egg 
size have been reported for many species (Blaxter & 
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Hempel 1963, Cushing 1967, Bagenal 1971, Southward 
& Demir 1974, Ware 1975, Tanasichuk & Ware 1987). 
While positive correlations have been reported 
between larval size and numerous attributes poten- 
tially contributing to increased survival, including days 
to irreversible starvation, swimming speed, and mouth 
gape (Knutsen & Tilseth 1985, Miller et al. 1988), the 
relation between larval size at first feeding and survival 
is not well documented, particularly within species. 
Our data from the 1987 spawning season are among 
the few published reports showing a direct correlation 
between larval size and survival for the first month of 
life. Rosenberg & Haugen (1982) found evidence of 
size-selective mortality of larval turbot Scophthalmus 
maximus during the first month of life in predator-free 
enclosures. Their estimates of the mean size of sur- 
vivors were higher than those for the overall population 
during the first week of life. 

Several factors have been proposed as possible 
causes of intraspecific differences in egg  or larval size. 
Many of these same factors can also contribute to 
differential larval mortality. Biological factors that 
affect larval size and mortality include genetic varlabil- 
ity between and within stocks, and size, age  or nutri- 
tional condition of the spawning female (Brown 1957, 
Hoar 1957). Environmental factors known to affect lar- 
val size and mortality are water temperature during 
gametogenesis and embryonic development (Blaxter & 
Hempel 1963, Bagenal 1971, Southward & Demir 1974, 
Ware 1975, Tanasichuk & Ware 1987, Buckley et al. 
1990), dissolved oxygen levels, and exposure to 
environmental contaminants, including PCBs, pesti- 
cides, and heavy metals (Rosenthal & Alderdice 1976, 
Black et al. 1988). 

The difference in mean dry weight of yolk-sac larvae, 
observed in 1987, between the largest and smallest 
groups (Madison in LIS and lower NB) was large, 
exceeding 50 1;,. Since Pseudopleuronectes ameri- 
canus populations consist of discrete spawning stocks 
(Perlmutter 1947, Saila 1961), genetic factors may have 
contributed to the observed variability in size and sur- 
vival between locations. The much smaller differences 
between locations observed in 1988, however, suggest 
that genetic factors may not be dominant. Winter floun- 
der fed reduced rations in the laboratory showed a 
reduction in fecundity but not egg size compared to 
well-fed fish (Tyler & Dunn 1976). suggestin.g that 
maternal nutrition is not a dominant factor in determin- 
ing egg and larval size in winter flounder. Female age 
has been shown to affect egg size in winter flounder 
(Topp 1968), age 3 females producing smaller eggs 
than age  4 or 5 females. Our work with winter flounder 
spaivning in Narragansett Bay (Buckley et al. 1991) 
suggested that female size can play a significant role in 
determining egg and larval size In the present study 

no large difference in female size was apparent 
between locations. In 1987 lower Narragansett Bay fish 
were the last group collected and spawned, and they 
produced the smallest larvae. Among spring spawning 
fish there is a tendency for egg size to decrease with 
increasing water temperature. The observed 50 % 
difference in size of yolk-sac larvae between locations 
is considerably greater than the differences observed 
among winter flounder larvae produced in the labora- 
tory over a wide range of water temperatures by adults 
collected at a single location (Buckley et  al. 1990). This 
suggests that while water temperature may have been 
a contributing factor, it was not the dominant factor 
affecting larval size in the present study. Our data on 
winter flounder spawning in Narragansett Bay indi- 
cated that spawning time can play a significant role in 
egg and larval size (Buckley et al. 1991). 

Of our 6 collection sites, the Morris Cove, Hemp- 
stead, and upper Narragansett Bay sites are impacted 
by a variety of contaminants, including trace metals 
and organics (Greig et al. 1977, Pruell & Quinn 1985). 
The Madison, Shoreham and lower Narragansett Bay 
sites are considerably less lmpacted by contaminants 
(Greig et  al. 1977, Pruell & Quinn 1985, Black et  al. 
1988, Nelson et al. 1991). The observed trends in size 
and survival of winter flounder with location were not 
entirely consistent with those expected on the basis of 
contaminant loadings. However, among sites in Long 
Island Sound, Madison stood out in 1987 as producing 
the largest larvae at yolk-sac stage and after 1 mo of 
feeding, and as having the highest survival rate and a 
low percentage of abnormal survivors. In both 1987 and 
1988 s u ~ v a l  was higher in larvae from Madison than 
from Morris Cove. T h ~ s  is consistent with observations 
of embryonic development suggesting that reproduc- 
tion of winter flounder at the Morns Cove site has been 
compromised by high contaminant levels (Nelson et  al. 
in press). Black et al. (1988) reported an 18'/0 differ- 
ence in weight of yolk-sac winter flounder larvae pro- 
duced by adults taken from lower Narragansett Bay 
and New Bedford Harbor. Massachusetts. Larvae from 
New Bedford Harbor fish were smaller and their eggs 
contained significantly higher levels of PCBs. k signlfi- 
cant inverse relation was observed between larval size 
and PCB content. 

No single class of biomolecules appared elevated in 
groups of larvae with high dry weight. or high survival. 
Contents of all classes of biomolecules measured were 
highly correlated with each other and with larval dry 
weight (Table 4). In 1987 dry weight of yolk-sac larvae 
was more highly correlated with survival than was any 
single class of biomolecules. The RNA/DNA ratio has 
been used as an index of growth and condition in fish 
(Buckley 1984, Bulow 1987). No significant correlation 
was observed between the RNA/DNA ratio of yolk-sac 
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winter flounder larvae and survival for the first month 
of life (Table 4).  This was apparently due to the high 
correlation between RNA and DNA content, and the 
unique situation of larvae prior to feeding initiation, 
when they rely on endogenous energy reserves of 
maternal origin. The RNA content or simply the dry 
weight of yolk-sac larvae appear to be useful indicators 
of the survival potential of winter flounder through the 
critical first month of life. 

In 1987 survival of Pseudopleuronectes  anler icanus 

for the first month of the larval period was highly 
correlated with both size and chemical composition of 
larvae shortly after hatching. The correlation between 
size and survival of winter flounder larvae may have 
been, in part, due to a wider size spectrum of prey 
items available to larger larvae in our experimental 
systems. Larger larvae, because of their wider mouth 
gape, effectively experience a higher level of available 
food. This factor may be  important for both laboratory- 
reared and wild larvae. It is possible that the lower 
viability of small larvae may be offset by increased 
fecundity (Buckley et al. 1991). 

While both biological and environmental factors may 
have contributed to the observed differences in size 
and survival among larvae produced by Long Island 
Sound and Narragansett Bay winter flounder, we could 
not identify a single dominant factor. Our data on 
winter flounder spawning in Long Island Sound and 
Narragansett Bay (Buckley et al. 1991) suggest that 
female size and spawning time can have important 
effects on egg and larval size, fecundity, and spawning 
survival potential. 
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