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FOREWORD

The United States Congress created the National Estuary Program in
1984, citing its concern for the "health and ecological integrity"
of the nation's estuaries and estuarine resources. Narragansett
Bay was selected for inclusion in the National Estuary Program in
1984 and designated an "estuary of national 31gn1ficance" in 19%88.
The Narragansett Bay Project (NBP) was established in 1985. Under
the joint sponsorship of the U.S. Environmental Protection Agency
and the Rhode Island Department of Environmental Management, the.
NBP's mandate is to direct a five-year program of research and
planning focussed on managing Narragansett Bay and its resocurces
for future generations. The NBP will develop a comprehensive
management plan by December, 1990, which will recommend actions to
improve and protect the Bay and its natural resources.

The NBP has established the following seven priority issues for
Narragansett Bay:

* management of fisheries
nutrients and potentjal for eutrophication
impacts of toxic contaminants
health and abundance of living resources
health risk to consumers of contaminated seafocod
land-based impacts on water quality

* recreational uses
The NBP is taking an ecosystem approach to address these problems
and has funded research that will help to improve our understanding
of various aspects of these priority problems. The Project is also
working to expand and coordinate existing programs among state
agencies, governmental institutions, and academic researchers in
order to apply research findings to the practical needs of managing
the Bay and improving the environmental quality of its watershed.

* % ¥

This report represents the technical results of an investigation
performed for the Narragansett Bay Project. The information in
this document has been funded wheclly or in part by the United
States Environmental Protection Agency through Interagency
Agreement #DW13931613 with the National Oceanic and Atmospheric
Administration. It has been subject to the Agency's and the
Narragansett Bay Project's peer and administrative review and has
been accepted for publication by the Management Committee of the
Narragansgtt Bay Project. The results and conclusions contained

. herein are those of the author(s), and do not negessarily represent

the views or recommendations of the NBP. Final recommendations for
management actions will be based upon the results of thls and other
investigations.
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"Mention of a commercial company or product does not constitute an endoresement by
NOAA (National Marine Fisheries Service). Use for publicity or advertising purposes of
information from this publication concerning proprietary products or the tests of such
products is not authorized.”
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EXECUTIVE SUMMARY

From July through October 1986 over 550 juvenile winter flounder were collected at
selected sites throughout Narragansett Bay. Study sites included five sites sampled
monthly and four secondary sites sampled once in October. Study sites, extending from
Jamestown in the lower bay to Gaspee Point in the Providence River, were chosen to
include a wide range of water quality and expected contaminant loadings. The objectives
of the study were first, to determine if there were any differences in growth and condition
of young-of-year (YOY) winter flounder from different areas of Narragansett Bay and
second, to determine if any observed differences were consistent with the mvolvement of
pollutants. A wide range of indicators of fish growth and condition were studied including
relative liver weight, parasite incidence, and tissue nucleic acid, protein, and lipid
concentrations.

Differences in size, relative liver weight, parasite incidence, and biochemical
composition were observed among YOY winter flounder collected at different locations in
Narragansett Bay. With the exception of parasite incidence, these differences in condition
did not correspond to any known environmental gradient in the Bay, natural or
anthropogenic. Furthermore, observed differences in size and biochemical composition
were not great and showed a tendency to diminish over the sampling period. Our results
suggest that growth and condition of YOY winter flounder in Narragansett Bay are
primarily responsive to local environmental conditions, that while somewhat persistent
over time, do not correspond to any bay-wide gradient.
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INTRODUCTION

The winter flounder is one of the most important species in the commercial and
recreational fisheries of Narragansett Bay and adjacent waters. Unlike other finfish
species found seasonally in Narragansett Bay, winter flounder abundance is dependent
upon successful reproduction and survival of early life stages in the Bay. Winter flounder
spawn adhesive, demersal eggs between January and April. The planktonic larvae are
found throughout the Bay from March to June. The larvae metamorphose into demersal
juveniles 2 to 3 mo after hatching. While adult winter flounder move to deeper, cooler
water offshore in summer, juveniles are found throughout the Bay year-round. The winter
flounder is considered to be one of the most stationary fishes (Bigelow and Schroeder
1953). 'The population consists of many independent iocalized stocks that inhabit and
spawn in the different bays and estuaries along the Northeast Coast of North America
(Lobell 1939, Perimutter 1947, Saila 1961). Winter flounder population levels have
declined recently both in Narragansett Bay and on the northeast coast of the USA (Jeffries
1987, NMFS 1986). The roles of overfishing, pollution, and natural cycles in this decline
have been the subject of considerable debate.

This study was undertaken first, to determine if there were differences in growth
and condition of young-of-year (YOY) winter flounder from different areas of
Narragansett Bay and second, to determine if any observed differences were consistent
with the involvement of pollutants. Gradients in both organic and inorganic contaminant
levels have been demonstrated in Narragansett Bay sediments (Santschi et al. 1984, Pruell
and Quinn 1985). Contaminant levels were highest in the Providence River and decreased
down bay. We hypothesized that if contaminants were having an adverse effect on winter
flounder, differences in growth and condition would roughly correspond to this pollution
gradient. The juvenile stage was chosen for study because of its importance to recruitment
success and its sedentary, demersal nature. Juvenile winter flounder live in close
association with the bottom, where they feed on a variety of organisms including
crustaceans and polycheates. In highly impacted portions of upper Narragansett Bay this
behavior should result in exposure to a wide variety of contaminants both through direct
contact with contaminants in water and sediments, and indirectly through the food chain.
Sampling sites were selected to include a wide range of water quality and expected
contaminant loadings.

A suite of indicators of fish growth and condition were studied including relative
liver weight or hepato-somatic index (HSI), and RNA, DNA, protein, and lipid content of
muscle and liver. At the time of dissecticn obvious lesions were noted. Relative liver
weight is an index of nutritional condition or health of an organism. Abnormally low
values-indicate stress and poor condition. Abnormally high values indicate liver toxicosis.
Tissue biochemical composition is sensitive to nutritional state (Love 1970) and
contaminant exposure (Kearns and Atchinson 1979, Barron and Adelman 1984). The
concentration of DNA is an index of cell number or biomass. RNA concentration is an
index of metabolic activity or the rate of protein synthesis. RNA. concentration and the
RNA-DNA ratio have been used to estimate growth rate (Bulow 1987, Buckley 1984).
Growth in fish is primarily accomplished by protein synthesis. Protein and lipid content of
liver and muscle tissue are indices of nutritional condition. Both protein and lipid play
major roles in energy storage and metabolism, in addition to their roles as structural
components of tissue. A comparison of the biochemical composition of muscle and liver
can provide information on the partitioning of energy between growth and detoxification
of xenobiotics.
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METHODS

Winter flounder were collected by NEFC personnel using a 23-m x 1.5-m seine with
0.6-cm mesh in the cod-end. A minimum of ten fish per site were collected except for the
September sample when 30 fish per site were collected to facilitate additional chemical
analyses. Fish were held overnight at ambient temperature. Fish were blotted dry, weighed
to the nearest milligram and measured to the nearest millimeter standard length. Scale
samples were removed for ageing. Fish <65 mm were frozen whole, stored for up to 6 mo
at -75°C and dissected without thawing. Fish >65 mm were dissected fresh. The liver and a
sample of muscle tissue were removed from all fish. Muscle samples consisted of a fillet
taken from above the lateral line on the dark side, anterior to the gill arch. Tissue samples
were weighed and then either homogenized immediately in 9 volumes of ice cold distilled
water to give a 10X homogenate, or frozen at -75°C. Tissues from fish that had previously
been frozen were homogenized immediately. Muscle samples were homogenized with
three 15-second pulses in an Omni-Mixer with a micro attachment at maximum speed.
Liver samples were homogenized in a SDT Tissumizer with three 10-second pulses at
maximum power. Frozen muscle homogenates were thawed and rehomogenized with one
5-second pulse of the SDT Tissumizer prior to pipeting out aliquots for the various assays.
Dissections, homogenizations, and sample handling were done on ice. At the time of
dissection any obvious abnormalities or lesions were noted.

Muscle and liver samples were analyzed for RNA, DNA and protein content using
techniques described in Buckley (1979) and Buckley and Bulow (1987) with the following
exception. RNA hydrolysis of muscle samples was done with 2.24 ml of 0.3N KOH and the
hydrolizate acidified with 1.0 ml of 1.32N HCIO4. The increased volume of base gave
improved recovery of RNA from this tissue. The volumes of 10X homogenate used for the
different assays were: for nucleic acids—-100 y1 of liver homogenate and 350 1 of muscle
homogenate; for protein--2.9 ul of both liver and muscle homogenate; for lipid--7 ul of
liver homogenate and 50 nl of muscle homogenate; and for carbohydrates--50 to 100 ul of
liver homogenate.

Because of the limited tissue available, analyses for lipid and carbohydrate levels
could not be run on the same fish analyzed for nucleic acids and protein. Muscle and liver
from a subsample of fish collected in September were analyzed for total lipid content using
the sulphophosphovanillin method ( Barnes and Blackstone 1973). Results on test samples
run using this method and dry column elution followed by gravimetric analysis (Marmer
and Maxwell 1981) were in good agreement. Liver samples from the September collections
were analyzed for glycogen and free glucose content using enzymatic cleavage of glycogen
(Carr and Neff 1984) and enzymatic (glucose oxidase) determination of glucose (Sigma
Chemical Company). Low levels of carbohydrates in muscle samples made their analysis
impractical.

Statistical analyses were run using SAS for personal computers (SAS Institute Inc.).

RESULTS

More than 500 juvenile winter flounder were collected at 10 sites in Narragansett
Bay during the 4 mos of sampling. Sampling sites included S primary sites sampled monthly
between July and October (Figure 1) and 4 secondary sites sampled only once in October.
A site just south of Sabin Point was abandoned after an initial sampling in July because of
an abundance of urban litter which made seining operations difficult. A summary of all the
data collected on each fish can be found in Appendix I as a Lotus 123 Spreadsheet.

Winter flounder ranged in size from 43 mm to 184 mm standard length. Length
frequency distributions for each month showed a bimodal distribution for July, indicative
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of two year classes (Figure 2). When the data were further broken-down by site, it was
possible to estimate a maximum length for YOY winter flounder for each month: 100 mm
for July, 107 mm for August, 109 mm for September and 115 mm for October. In 48 fish
cxamined, 100% agreement was observed between age assignments based on length and
scale analysis. The highest proportion of winter flounder >1-year old were collected at the
Conimicut Point and Gaspee Point sites.

Two lesions were repeatedly observed in juvenile winter flounder collected in
Narragansett Bay. "Pigment spots” or "black spot" were observed primarily on the fins.
These were apparently the result of host response to larval trematode invasion. New
England inshore fishes, including winter flounder, are subject to invasion by cercariae of
Cryptocotyle lingua (Creplin) (Sindermann 1970). White ccysts, observed on the viscera,
were tentatively identified as cysts of the microsporidian Glugea stephani (Stuckard and
Lux 1965). The incidence of these lesions is summarized in Table 1 and in Figures 3 and 4.
The incidence of "black spots” was highest in the fish taken from the mid and lower Bay
and showed no variation with month of collection. Glugea cysts were most often observed
in fish from the upper bay and the percentage of infected fish increased over the sampling
period, approaching 30% in YOY winter tlounder collected at the Gaspee Point site in
October (Figure 4).

YOUNG OF YEAR (YOY)

Data on the length, weight, and biochemical characters of YOY winter flounder
collected in Narragansett Bay are presented in summary in Table 2, by month in Table 3,
by location in Table 4 and by locaticn within month in Table 5. Mean size of YOY winter
flounder at all locations was 65.7, 71.7, 78.7, and 80.3 mm at the end of July, August,
September, and October, respectively (Table 3). This corresponds to a growth rate in
length of 6, 7, and 2 mm per month during August, September and October.

Two way analysis of variance indicated that both month of collection and location
had a significant effect (P <0.001) on most of the variables measured (Table 6). Certain
variables including muscle and liver RNA concentration were selected for further statistical
analysis (Table 7). The monthly mean length for each location is given in Table 7 and
Figure 5. Generally, Greenwich Bay fish were the largest and Conimicut Point fish were
the smallest. Among the expanded suite of nine stations sampled in October, Greenwich
Bay, Mill Cove, and Spectacle Cove produced the largest YOY winter flounder. Bissel
Cove produced the smallest.

The relative liver weight (HSI) followed a similar pattern at the different locations
showing a minimum value in September at all sites (Figure 6). YOY winter flounder taken
at Greenwich Bay and Gaspee Point generally had the highest HSI, while fish taken at
Conimicut Point had the lowest HSI. Among the suit of nine stations sampled in October,
fish from the Gaspee Point and Mill Cove sites had the highest HSI and those from
Conimicut Point and Spar Island the lowest (Table 7).

Among the five primary sites, muscle RNA concentrations were generally highest in
Greenwich Bay fish and lowest in fish from Conimicut Point. Liver RNA concentrations
were on average highest in fish from Patience- Prudence Islands and lowest in fish from
Conimicut Point. Among YOY winter flounder sampled at nine sites in October, fish from
Grecenwich Bay and Mill Cove had the highest muscle and liver RNA concentrations. Fish
from Conimicut Point and Mill Cove had the lowest muscle and liver RNA concentrations.
There was no significant difference in muscle lipid levels between locations (Table 8). Fish
from Conimicut Point had lower liver lipid levels than any other group.

Tables 9 and 10 show the correlations between the different variables measured.
Among the biochemical characters positively related to fish size were muscle DNA
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concentration, and liver RNA and lipid concentrations. Muscle protein levels showed a
negative correlation with fish size.  Fish size did not explain a large portion of the
variability observed in any of the biochemical characters measured. The relative liver
weight (HSI) was positively correlated with muscle RNA concentration, and the lipid
concentration and RNA-DNA ratio of both muscle and liver.

DISCUSSION

Differences in size, relative liver weight, parasite incidence, and biochemical
composition of YOY winter flounder were observed among fish taken at different
locations in Narragansett Bay. These differences tended to persist over the sampling
period, although most decreased in magnitude between the first samples taken in July and
the last samples taken in October. While certain characteristics of fish taken at the
different sampling sites were consistent over the entire sampling period, with the exception
of parasite incidence, these characters did not correspond to geographic proximity in the
bay or to any known environmental (%radient, natural or anthropogenic. For example,
Conimicut Point consistently produced small fish. These fish on average had the lowest
relative liver weights, liver lipid levels, and liver and muscle RNA concentrations, all
suggesting slow growth and roor condition relative to the other sites. Gaspee Point, 2 miles
up the estuary and closer to major sources of pollutants, produced YOY winter flounder
surpassed in size only by Greenwich Bay fish. Furthermore, Gaspee Point fish had on
average the highest HSI, the second highest muscle RNA and liver lipid levels, and average
liver RNA levels, all indicative of good growth and condition of YOY winter flounder at
this site. Greenwich Bay consistently produced the largest winter flounder. Fish from this
location had on average high relative liver weight as well as high concentrations of RNA in
muscle and liver, all indicative of rapid growth and good condition.

Both trematode invasion and Glugea infection can result in mortality of juvenile fish
(Sindermann 1970).  During controlled exposures, infestation by Giugea produced
mortality on the order of 50% in juvenile winter flounder (Cali et al. 1986). The close
parallel between the pollution gradient in Narragansett Bay (Pruell and Quinn 1985) and
the incidence of Glugea cysts in winter flounder warrants further investigation. = The
increase in the prevalence of Glugea cysts in YOY winter flounder from July to October is
in agreement with previous reports on temperature requirements (Mc Vicar 1975, Olson
1976) and seasonal prevalence (Takvorian and Cali 1984). Since identification was limited
to cysts visible to the unaided eye, earlier stages of infection would have been missed.

In contrast to the Glugea infestation pattern, larval trematode incidence decreased
along the pollution gradient and showed no trend with month of collection. The life cycle
of the trematode involves two other intermediate hosts, consequently, its presence in
winter flounder is dependent upon the availability of intermediate hosts and other
cnvironmental factors.

The roughly inverse distribution of the two lesions in winter flounder provides an
interesting contrast: the Jamestown site had the lowest prevalence of Glugea cysts (0%)
and the highest prevalence of "black spots™ (100%) while the Gaspee Point Site had the
lowest prevalence of "black spots” (0%) and the highest prevalence of Glugea cysts (30%
in October). No correlation was observed between the presence of either parasite and size
or condition of fish, however, in most instances the degree of infestation did not appear
severe.

Preliminary findings from a study of growth and survival of winter flounder larvae in
Narragansett Bay indicated that (1) hatching occurs first in the Providence River and
progressively later down Bay, (2) larval abundance is usually highest in the Providence
river and decreases down Bay, and (3) larvae were generally largest in the Providence
River, decreasing down Bay in absolute size and size within stage (A. Durbin personal
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communication). In contrast, our data show that during the summer and early fall YOY
winter flounder are largest in Greenwich Bay and show no trend in size along the
North-South axis of the bay. Further, while sampling for this study was not designed to
produce quantitative estimates of YOY winter flounder abundance, the catch per unit of
effort was almost an order of magnitude greater at the Jamestown site in the lower bay
than at any of the other sites sampled. The distribution of "black spots” and Glugea cysts
together with the persistence of other characters of winter flounder at the various study
sites over time suggests that movement of YOY winter flounder between study sites was
limited during the sampling period.

The mean size of YOY winter flounder in Narragansett Bay appears larger than
that reported for Mystic River Estuary (Pearcy 1962) or the Niantic River (Northeast
Utilities 1987). At least part of this difference may be due to the tendency of YOY
flounder collected with a beach seine to be larger than those collected with a trawl as noted
by Pearcy (1962) and observed in this work. Growth of juvenile winter flounder was
highest in Narragansett Bay during warm summer months and decreased in October with
falling water temperatures. The occurrence of minima in relative liver weight at all sites in
September suggests a bay-wide response of YOY winter flounder io broad scale
environmental stimuli. Seveial other indices of growth and condition also reached
minimum values in September, including muscle and liver RNA concentration and liver
RNA-DNA ratio. These minima were observed more than a month after maximum water
temperature was reached and may be a physiolotgical consequence of the transition from a
period of rapid growth to one of accumulation of energy reserves.

Our results suggest that growth and condition of YOY winter flounder in
Narragansett Bay are primarily responsive to local conditions such as food availability that,
while somewhat persistent over time, do not correspond to any bay-wide gradient.
Furthermore, the observed differences in size and composition of YOY winter flounder
among sites are not great and tend to diminish with time over the first year of life. These
observations suggest that future work should emphasize the early juvenile period or even
earlier life history stages. The apparent higher abundance of juvenile winter flounder at
the Jamestown site in the lower bay suggests that quantitative studies of YOY winter
flounder abundance and mortality are warranted.

N




6
REFERENCES

Barnes, H,, and J. Blackstone. 1973. Estimation of lipids in marine animals and tissues:
Detailed investigation of the sulphophosphovanillin method for "total" lipids. J.
Exp. Mar. Biol. Ecol. 12:103-118.

Barron, M. G, and I. R. Adelman. 1984. Nucleic acid, protein content and growth of
larval fish sublethally exposed to various toxicants. Can. J. Fish. Aquat. Sci.
41:141-150.

Bigelow, H. B., and W. C. Schroeder. 1953. Fishes of the Guif of Maine. Fish. Bull., Fish
Wildl. Serv., U.S. 53:1-577.

Buckley, L. J. 1979. Relationships between RNA-DNA ratio, prey density, and growth
rate in Atlantic cod (Gadus morhua) larvae. J. Fish. Res. Board Can. 36:1497-1502.

Buckley, L. J. 1984. RNA-DNA ratio: An index of larval fish growth in the sea. Mar.
Biol. 80:291-298.

Buckley, L. J,, and F. J. Bulow. 1987. Technigues for the estimation of RNA, DNA, and
protein in fish. pp. 345-354. In R. C. Summerfelt and G. E. Hall (Eds.) Age and
growth of fish. Iowa State Univ. Press, Ames.

Bulow, F. J. 1987. RNA-DNA ratios as indicators of growth in fish: A review. pp. 45-64.
In R. C. Summerfelt and G. E. Hall (Eds.) Age and growth of fish. Iowa State Univ.
L Pre__ss, Ames.

Cali,:A,, P. M. Takvorian, J. J. Ziskowski, and T. Sawyer. 1986. Experimental infection of
American winter fiounder (Pseudopleuronectes americanus) with Glugea stephani
(Microsporida). J. Fish. Biol. 28(2):99-206.

Carr, S., and J. Neff. 1984. Quantitative semi-automated enzymatic assay for glycogen.
Comp. Biochem. Physiol. 77B:447-449.

Jeffries, H. P. 1987. Final report to Narragansett Bay Project.

Kearns, P. K, and G. J. Atchison. 1979. Effects of trace metals on growth of yellow perch
(Perca flavescens) as measured by RNA-DNA ratios. Environ. Biol. Fish. 4:383-387.

Lobell, M. J. 1939. A biological survey of the salt waters of Long Island, 1938. Report on
certain fishes, winter flounder (Pseudopleuronectes americanus). Suppl. 28th Ann.
Rep., N. Y. Cons. Dep., Pt. 1:63-96.

Love, M. R. 1970. The chemical zoology of fishes. Academic Press, New York.

Marmer, W. N, and R. J. Maxwell. 1981. Dry column method for the quantitative
extraction and simultaneous class separation of lipids from muscle tissue. Lipids
16:365-371.

McVicar, A. H. 1975. Infection of plaice Pleuronectes platessa L. with Glugea (Nosema)
stephani (Hagenmuller, 1899) (Protozoa: Microsporidia) in a fish farm and under
experimental conditions. J. Fish. Biol. 7:611-619.

NMEFS (National Marine Fisheries Sef\}iée). 1986. Status of the fishery fresources off the
Northeastern United States for 1986. NOAA Tech. Mem. NMFS-F/NEC-43.




7

Northeast Utilities. 1987. Monitoring the marine environment of Long Island Sound at
Millstone Nuclear Power Station, Summary of studies prior to unit 3 operation.
Northeast Utilities Service Company, Environmental Lab., Waterford, CT.

Olson, R. E. 1976. Laboratory and field studies on Glugea stephani (Hagenmuller). A
microsporidian parasite of pleuronectid flatfishes. J. Protozool. 23:158-164.

Pearcy, W. G. 1962. Ecology of an estuarine population of winter flounder
Pseudopleuronectes americanus (Walbaum). Bull. Bingham. Oceanogr. Coll. 18:5-78.

Perlmutter, A. 1947. The black back flounder and its fishery in New England and New
York. Bull. Bingham Oceanogr. Coll. 11:1-92.

Pruell, R. J, and J. G. Quinn. 1985. Geochemistry of organic contaminants in
Narragansett Bay sediments. Est., Coast. Shelf Sci. 21:195-312.

Saila, S. B. 1961. A study of wintef flounder movements. Limnol. Oceanogr. 6:292-298.

Santschi, P. H., S. Nixon, M. Pilson, and C. Hunt. 1984. Accumulation of sediments, trace
metals (Pb, Cu) and total hydrocarbons in Narragansett Bay, Rhode Island: Est.,
Coast. Shelf Sci. 19:427-449. )

Sindermann, C. J. 1970. Principal diseases of marine fish and shelifish. Academic Press,
New York.

Stuckard, H. W,, and F. E. Lux. 1965. A microsporidian infection of the digestive tract of
the winter flounder, Pseudopleuronectes americanus. Biol. Bull. fWoods Hole)
129:371-387.

Takvorian, P. M., and A. Cali. 1984. Seasonal prevalence of the microsporidian, Glugea
stephani (Hagenmuller), in winter flounder, Pseudopleuronectes americanus
(Walbaum), from the New York-New Jersey Lower Bay Complex. J. Fish. Biol.
24:655-663.




ary of ! Y
PROVIDENCE _://

ARTHA'S
VINEYARD;

i QE\S.\:;}?‘,
“6\0 <OV

8LOCK 1

ATLANTIC OCEAN

41°45' NANTUCKET |

a%e

41°3%°

SAKOMNET

a%3y

57 RHODE ISLAND SQUND Y~
1

7120 71%15¢ et

Figure 1. Study sites. Primary sites: (1) Sheffield’s Cove, Jamestown (41°29°25"N;
71°23°00"W), (2) Patience-Prudence (41°39°10"N; 71°20°55"W), (3) Greenwich Bay
(41°40°30"N; 71°26°35"W), (4) Conimicut Point (41°43°05"N; 71°21°20"W), and
(5) Gaspee Point (41°44°45"N; 71°22°35"W). Secondary sites: (6) Bissel Cove
(41°33°40"N; 71°25°55"W), (7) Mill Cove (41°34’50"N; 71°27°25"W), (8) Spectacie
Cove (41°3755"N; 71°13’15"W), and (9) Spar island (41°41°20"N; 71°1320"W).
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Figure 3. Prevalence (%) of Glugea and Black Spot
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Figure 5.
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Table 1. Occurrence of "pigment spots” and Glugea cysts in juvenile winter flounder.

Occurrence of cysts

Occurrence of

"pigment spots”

Age No. No. No.
group examined infected % infected %
PRIMARY SITES AND MONTHS COMBINED
Total S8 358 18 45 200 50.3
1 54 6 11.1 3 5.6
0+1 452 24 5.3 203 449
PRIMARY SITES COMBINED BY MONTH
July 0 68 0 0 41 60.3
1 24 1 42 1 4.2
0+1 92 1 1.1 42 456
August 0 84 3. 3.6 42 50.0
1 i3 2 154 2 154
0+i 97 5 5.2 44 45.4
September 0 163 8 4.8 76 46.6
1 12 2 16.7 0 0.0
0+1 175 10 5.7 76 43.4
October 0 83 7 8.4 41 49.4
1 5 1 20.0 0 0.0
O+1 88 8 9.1 41 46.6
MONTHS COMBINED BY PRIMARY SITES
Jamestown 0 90 0 0 90 100.0
1 0

0+1 90 0 0 90 100.0
Patience- 0 92 H 1.1 91 98.9
Prudence 1 1 ¢] 0 1 100.0
0+1 93 1 1.1 92 98.9
Greenwich 0 73 4 5.5 13 17.8
Bay 1 2 0 0 1 50.0
0+1 75 4 5.3 14 18.7
Conimicut 0 64 4 6.3 6 9.4
Point 1 36 5 139 1 2.8
0+1 100 9 9.0 7 7.0

Gaspee 0 79 9 114 0 0

Point i 15 1 6.7 0 0

0+1 94 10 10.6 0 0

SECONDARY SITES COMBINED

October 0 65 1 1.5 63 96.9
| 7 0 0 7 100.0
0+1 72 1 1.4 97.2

70

apraanis
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Table 2. Size and biochemical composition of YOY winter flounder.

No. Obs Variablel No. Mean Std Dev cv

463 Length BEE Y4 75.89 13.56 17.87
Weight 463 4.42 2.47 55.90
LWT 439 0.04 0.02 57.64
MRNA 365 1.01 0.29 28.57
MDNA 363 0.37 0.11 28.66
LRNA 356 9.47 1.69 17.86
LDNA ’ 357 2.456 0.44 17.70
MPROT 372 161.68 40.29 24.92
LPROT 361 170.99 45.59 26.66
HSI 439 0.84 0.19 22.47
MRD 363 2.86 .89 31.03
LRD 356 3.92 0.77 19.75

1Length = total length in mm
Weight = wet weight in mg
LWT = liver wet weight in mg

MRNA = muscle RNA concentration in ug-mg"1 of wet tissue
MDNA = muscle DNA concentration in ug-mg;
LRNA = liver RNA concentration in ug-mg‘1
LDNA = liver DNA concentration in ug-mg‘1

MPROT = muscle protein concentration in ugomg'l

_ LPROT = liver protein concentration in pg.mg”

HSI = relative liver Yeight
MRD = muscle RNA-DNA;
LRD = 1iver RNA.DNA™
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Table 2. Size and biochemical composition of YOY winter flounder by month.

MONTH=7 T T T T T T T T T T T T T T T T T T T T T T T T e e e e e e e e e e e

N Obs Variable N Mean Std Dev cv

68 LENGTH 68 65.686 9.72 14.80

WEIGHT &8 2.92 1.46 49 .86

LWT 43 0.03 0.02 55.46

MRNA 44 1.19 0.24 21.0S

MDNA 44 0.36 0.08 22.81

LRNA 41 ?.02 1.34 14,88

LDNA 41 2.31 0.48 20.&0

MPROT 45 154.70 47.3%9 30.63

LPROT 41 156.87 49 .36 31.47

HSI 45 0.96 .27 27.71

MRD 44 3.2¢4 .39 i8.12

LRD 41 4.00 0.70 17.47
MONTH=8 ——— e

N Obs Variable N Mean Std Dev ’ cv

84 LENGTH 84 71.73 12.87 17.95

WEIGHT 84 . 3.94 2.24 S56.68

LWT 83 0.04 0.02 60.62

MRNA 80 .89 0.16 17.74

MDNA 80 0.38 0.08 22.12

LRNA 81 .03 1.49 16.24

LDNA 81 2.34 O0.44 18.63

MPROT 84 174.35 39.29 22.54

iL.PROT 80 156.35 35.16 22.49

HST 83 0.90 0.18 20.0%

MRD 80 2.46 Q.62 24.99

LRD 81 3.92 0.68 17.25
MONTH=G ——— e e e

N Obs Variable N Mean Std Dev cv

163 LENGTH 163 78.29 11.35 14.350

WEIGHT 1463 4.71 2.31 49 .02

LWT 163 0.04 0.02 51.10

MRNA 7 .87 .20 23.55

MDNA 96 0.34 c.12 ” 34.74

LRNA 1 8.60 1.31 15.22

L DNA ?2 2.37 0.40 17.01

MPROT 8 131.27 38.69 25.S8

LPROT P2 156.00 35.2S 22.59

HS1I 163 .78 0.13 16.72

MRD 96 2.83 0.99 34.85

LRD ?1 2.71 0.74 20.00




Table 3

MONTH=10 -

continued.

15

N Obs Variable_. . N. Mean _ Std Dev ) . cv
148 LENGTH 147 80.33 14.66 18.25
WEIGHT 148 S5.095 2.80 53.44

LWT 148 0.04 0.03 59.73
MRNA 144 1.14 0.33 29.21
MDNA 143 0.40 0.11 27.95
LRNA 143 10.42 1.66 15.92
LDNA 143 2.63 0.39 14.74
MPROT 145 163.54 37.58 22.98
LPROT 148 122.13 47 .23 24 .59

HSI 148 0.84 0.1%9 23.095

MRD 143 2.98 0.94 31.48

LRD 143 4.03 G.84 20.%94

e RS B A
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Table 4. Size and biochemical composition of YOY winter flounder by location.

LOCQT I DN: 1 _l]_a_m_E§EO_w_n ——————————————————————————————————————————————————————————
N Obs Variable N Mean " Std Dev cv
90 LENGTH 0 75.43 11.90 15.77
WEIGHT 90 4,19 2.02 48.09
LWT 81 0.04 0.02 49 .30
MRNA &9 0.1 0.20 22.0%
MDNA &8 0.36 0.10 28.69
LRNA =Y=4 ?.39 1.38 16.80
LDNA &2 2.62 0.43 16.52
MPRQOT 69 153.63 37.34 24 .30
LPROT 60 178.95 50.93 28.46
HSI 81 0.80 0.16 19.71
MRD &8 2.65 0.63 23.%96
"LRD 62 3.63 0.56 15.46

LocaTion=2 -Patience-Prudence

N Obs Variable N ' Mean Std Dev cv
F2 LENGTH g2 &9.64 13.14 18.87
WEIGHT o2 3.39 2.03 59.74
LWT 80 0.03 0.02 57.70
MRNA 69 0.93 c.a22 22.90
MDNA 69 0.37 0.0%9 24.08
LRNA 70 F.47 1.62 17.05
LDNA 70 2.41 0.50 20.87
MPROT &9 151.94 42.22 27.79
LPROT 70 164.71 41.10 24.95
HSI 80 0.86 0.17 19.84
MRD 69 2.69 0.79 29.33
LRD 70 4.01 0.66 16.37
Greenwich Bay
LOCATION=SE ———— oo S m o e
N Obs Variable N Mean Std Dev cv
73 LENGTH 73 83.08 11.46 13.79
WEIGHT 73 5.83 2.57 44,02
LWT 73 0.05 0.02 44,27
MRNA SS 1.11 0.30 26.79
MDNA 54 C.40 0.12 . 30.04
LRNA S5 .44 1.67 17.69
LDNA S6 2.23 0.35 15.74
MPROT 57 143.65 40.24 28.01
LPROT -~ 57 148.07 41.27 27.87
HSI 73 0.90 C.14 . 15.5
MRD 54 ' 2.99 1.01 33.84

LRD 35 4.28 : 0.63 14,70

P e

AR




Table 4 continued.

LOCATION=¢ -Cunimicut Point _____

17

N Obs Variable N Mean Std Dev cv

&4 LENGTH &4 71.30 12.13 17.02

WEIGHT &4 3.57 2.03 57.01

LIWNT &1 .03 . 0.02 S56.74

MRNA 435 0.80 .14 16.92

MDNA 435 0.33 0.0& 18.42

LRNA 44 8.32 1.55 18.65

LDNA 46 2.58 0.33 13.64

MPROT 48 182.10 36.27 19.92

LPROT 47 166.96 53.88 32.27

HSI 61 0.73 .15 20.35

MRD 45 2.52 0.38 22.99

LLRD 4% 3.24 0.&60 18.49
LOCATION=S -Gaspee Point -

N Obs Variable N Mean Std Dev cv

79 LENGTH 79 76.95 11.10 14.42

WEIGHT 79 4,58 2.25 49.12

LWT 79 0.04 o0.02 46.11

MRNA &3 1.04 0.e27 25.93

MDNA &3 0.33 0.10 28.58

! RNA &2 ?.20 1.07 11.60

LDNA &2 2.32 0.39 16.80

MPROT &4 162.890 35.86 22.02

LPROT &2 168.24 19.59 11.54

HSI 79 0.21 0.23 24.86

MRD 63 3.32 1.11 33.49

LRD 62 4.06 0.78 19.13
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Table S. Size and biochemical composition of YOY winter flounder

by month and location

MO TH =7 = e e

LOCATION N Obs Variable

1 Jamestown 18 LENGTH
WEIGHT
LWT
MRNA
MDNA
LRNA
LDNA
MPROT
LPROT
HSI
MRD
LRD

2 Patience-Prudence 26 LENGTH
WEIGHT
LWT
MRNA
MDNA
LRNA
LDNA
MPROT
LPROT
HS1
MRD
LRD

3 Greenwich Bay 10 LENGTH
WEIGHT
LWT
MRNA
MDNA
LRNA
LDNA
MPROT
LPROT
HS1I
MRD
LRD

4 Conimicut Point 3 LENGTH
WEIGHT
LIWNT
MRNA
MDNA
LRNA
L.DNA
MPROT -
LPROT
HSI
MRD
LRD

24
24
12
12
12
12
i2
12
ia
12
12
i2

2.39
151.93
180.59

0.81

2.86

3.23

98.33
1.91
o.02
1.21
0.38
?.97
2.63

186.84
18&.06
0.79
3.17
3.83

73.80
4.32
0.04
1.06
0.28
8.49
2.02

105.93
103.78
1.04
3.8%
4.24

57.67
1.84

o




Table 5 continued.
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MONTH=7 - —————— e ———— ————————
LOCATION N Obs Variable N Mean Std Dev
S Gaspee Point 13 LENGTH 13 72.92 5.48
WEIGHT 13 4,01 1.07
LWT 13 0.05 0.01
MRNA& 13 1.21 0.27
MDNA 13 0.40 0.07
LLRNA i2 8.99 0.88
LDNA i2 2.07 0.26
MPROT i3 164.66 33.56
LPROT 12 158.07 14.82
HSI 13 1.16 .27
MRD 13 3.07 Cc.33
LRD i2 4.42 0.79
MONTH=8 - e —————— e —————————————————————
LOCATION N Obs Variable N Mean Std Dev
1 Jamestown 22 LENGTH 22 71.82 13.01
WEIGHT 2c 3.85 2.13
LWT 21 Q.03 0.02
MRNA 21 0.96 0.15
MDNA 21 0.39 C.08
LRNA 20 10.06 1.97
LDNA 20 2.68 0.34
MPROT 22 174.99 35.01
LPROT 19 174.95 35.83
HSI 21 .84 0.18
MRD. 21 2.37 0.68
LRD 20 3.77 0.46
2 Patience-Prudence 17 LENGTH 17  66.82 12.06
WEIGHT 17 3.10 1.68
LWT 17 .03 0.02
MRNA 17 0.87 0.13
MDNA 17 0.40 0.08
LRNA 17 8.31 1.02
LDNA 17 2.10 .37
MPROT 17 164.52 35.31
LPROT 17 142.72 21.58
HSI 17 1.02 .19
MRD 17 2.26 0.43
LRD 17 4.03 0.61
3 Greenwich Bdy 15 LENGTH 15 1 83.93 10.28
WEIGHT 15 6.28 2.47
S LWT 15 0.06 0.02
MRNA 15 0.94% c.21
MDNA 135 C.43 0.08
LRNA iS5 8.73 0.67
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Table 5 continued,

MONTH=8 ——————————— e - - T e e e e |
LOCATION N Obs Variable N Mean Std Dev cv
3 Greenwich Bay 1S LDNA 15 2.18 o.21 ?.86
MPROT 15 188.93 17.15 9.08
LPROT 1S 161.93 10.76 6.65
HST 15 0.%4 0.19 20.11
MRD 15 2.26 0.65 28.58
LRD 15 4.03 0.2% 7.19
4 Conimicut Point 17 LENGTH 17 62.06 8.53 13.75
WEIGHT 17 2.36 1.21 51.08
LWT 17 0.02 0.01 55.07
MRNA 14 0.80 0.12 15.46
MDNA 14 0.32 0.06 20.09
LRNA 17 8.32 1.24 14.94
LDNA 17 2.50 0.32 12.73
MPROT 17 189.61 52.93 27.92
LPROT 17 140.78 29.77 21.15
HSI 17 0.79 0.11 13.96
MRD 14 2.60 0.59 22.54
LRD 17 3.37 0.58 17.29
5 Gaspee Point 13 LENGTH 13 76.54 7.61 9.94
WEIGHT 13 4.58 1.38 30.18
LWT 13 0.04 0.01 33.88
MRNA 13 0.85 0.10 12.11
MDNA 13 0.33 0.08 22.54
LRNA 12 9.73 1.03 10.62
LDNA 12 2.12 0.22 10.16
MPROT 13 149.33 37.13 24 .87
LPROT 12 161.31 18.31 11.35
HS1 13 0.93 0.12 13.44
MRD 13 2.66 0.66 24.67

LRD ie 4.65 G.83 17.74




Table 5 continued.

LOCATION

1 Jamestown

2 Patience-Prudence
3 Greenwich Bay

4 Conimicut Point

32

33

30

LENGTH
WEIGHT
LWT
MRNA
MDNA
LRNA
LDNA
MPROT
LPROT
HSI
MRD
LRD

LENGTH
WEIGHT
LWT
MRNA
MDNA
LRNA
LDNA
MPROT
LPROT
HSI
MRD
LRD

LENGTH
WEIGHT
LWT
MRNA
MDNA
LRNA
LDNA
MPROT
LPROT
HSI
MRD
LRD

LENGTH
WEIGHT
LWT
MRNA
MDNA
LRNA
LDNA. .
MPROT
LPROT
HSI
MRD
LRD

21

2.57
127.33
146.22

.77

2.462

3.34

73.44
3.80
C.03
0.85
0.34
8.81
2.19

146.96
147.73
0.80
2.74
4.08

83.45
S5.76
G.0S
1.04
0.44
8.77
2.13

131.54
135.88
0.835
2.62
4.21

75.37
4.10
0.03
0.83
0.33
7.76

2.71

182.75
169.07
0.648
2.60




Table 5 continued.

MONTHE S~ o e

22

LOCATION N Cbs Variable N Mean Std Dev
S Gaspee Point 36 LENGTH 36 77.92 12.68
WEIGHT 36 4.80 2.76
LWT 36 0.04 .02
MRNA .21 O.94 0.18
MDNA 21 .31 0.12
LRNA 21 8.94 1.06
L. DNA 21 2.35 0.35
MPROT 21 170.21 36.55
LPROT 21 178.43 20.46
HSI 36 0.77 0.14
MRD a1 3.48 1.30
LRD 21 3.86 0.60
MONTH=10 e e e e e e e e e e e e e e
LOCATION N Obs Variable N Mean Std Dev
1 Jamestown 18 LENGTH 18 78.39 11.19
NEIGHT 18 4,52 1.92
LWT 18 0.04 0.01
MRNA 18 0.99 0.18
MDNA i8 C.39 .12
LRNA 18 10.00 1.135
LDNA 18 2.60 0.39
MPROT 16 152.80 28.48
L PRCT 18 211.61 48.11
HS1 i8 0.81 .13
. MRD 18 2.67 Cc.71
LRD 18 3.%90 0.55
2 Patience-Prudence 19 LENGTH 19 80.09S 13.98
WEIGHT 19 4 .83 2.53
LWT 19 0.04 .02
MRNA i8 .98 0.19
MDNA i8 0.38 0.10
LLRNA 19 106.97 1.33
L.DNA 19 2.82 C.47
MPROT 18 122.920 26.19
LPROT 19 190.353 43.78
HSI 1<Q C.86 0.13
MRD 18 2.7t~ 0.80
LRD i< 4,01 0.92
3 Greenwich Bay 15 LENGTH 1S 87.60 11.59
WEIGHT 15 5.96 3.05
LWT 1S C.06 0.03
MRNA 14 1.41 0.23
MDNA 13 0.41 0.0%9
LRNA i4 11.64 1.09

Fi A v

RIS T
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Table 5 continued.

MONTH=10 - - T T T T T T T T T T T e e e e i

LOCATION N Obs Variable N Mean Std Dev cv

3 Greenwich Bay 13 LDNaA 14 2.55 0.30 ' 11.65
MPROT 15 137.24 23.34 17.01
LPROT 15 177.55 15.93 8.97
HSI 15 0.89 0.10 11.00
MRD 13 3.60 0.83 22.97
LRD 14 4,65 0.84 18.16

& Conimicut Point 14 LENGTH 14 76.71 13.08 17.05
WEIGHT 14 4.25 2.65 &2.24
LWT 14 0.03 0.02 S4 .69
MRNA 14 0.77 0.14 . 18.70
MDNA 14 0.34 0.05 16.23
LRNA 14 8.92 1.24 13.92
LDNA 14 2.56 0.30 11.71
MPROT 14 172.21 29.03 16.86
LPROT 14 196.33 76.66 39.05 .
HSI 14 0.77 0.22 27.78
MRD 14 2.33 0.62 26.39
LRD 14 3.50 0.43 12.22

5 Gaspee Point , 17 LENGTH 17 78.29 . 12.87
WEIGHT 17 4.54 2.32
LWT 17 0.04 0.02
MRNA 16 1.16 0.32
MDNA 16 0.32 0.07
LRNA 17 ?.31 1.15
LDNA - 17 2.61 0.42
MPROT 17 162.52 35.93
LPROT 17 167.72 17.55
HSI 17 0.99 0.20
MRD 16 3.85 1.24
LRD 17 3.63 0.58

5 Bissel Cove 13 LENGTH i2 72.58 12.42
WEIGHT 13 3.49 1.95
LWT 13 0.03 ' o0.02
MRNA 13 0.96 0.23
MDNA 13 0.36 0.11
LRNA 12 %.28 1.65
LDNA 12 2.74 0.35
MPROT 13 164,46 37.41
LPROT 13 200.14 93.20
HST 13 0.83 ~ 0.27
MRD 13 2.87 0.76
LRD 12 3.44 0.78

7 Mill Cove 1S LENGTH 15 87.53 17.52 20.02
WEIGHT 15 5.88 3.47 S0.38
LWT 15 0.06 0.03 53.53
MRNA 15 1.63 0.36 22.37

MDNA 15 0.48 O0.14 28.15

i
i
H
H

f =SV ERE




Table 5 continued.

24

N TH= 1 0 o e

LOCATION N Obs Variable

7 Mil1l Cove _ 13 LRNA

8 Spectacle Cove 14 LENGTH
WEIGHT
LWT
MRNA
MDNA
LRNA
LDNA
MPROT
LPROTY
HSI
MRD
LRD

? Spar Isiand 23 LENGTH
WEIGHT
LWT
MRNA
MDNA
LRNA
IL_DNA
MPROT
LPROT
HSI
MRD
{.RD

168.36.

201.52
0.93
3.59
4.53

85.43
6.02
0.035
1.13
0.40
.97
2.42

173.93
190.48
0.83
2.86
4.22

77.26
4.64
0.04
1.18
0.48

10.92
2.5%9

200.61
193.52
0.71
2.58
&.27
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Table 6. Two-way analysis of variance for the effects of month and Tocation.
on size and biochemical composition of YOY-winter flounder.

-

Dependent Source OF F value Pr>F
Yariable
Length Month 3 30.38° 0.0001
Lecation 8 9.13 0.0001
Month * Location 12 1.70 0.0642
Total 461
¥eight HMonth 3 16.70 0.0001
Location 8 9.51 0.0001
Month * Location 12 1.08 0.3725 _ %
Total ) 462 .
MRNA Month 3 48.19 0.0001
Locatior 8 20.03 0.0001
Month * Location 11 5.48 0.0001 )
Total 364
MDNA Month 3 8.74 9.0001
Location 8 7.20 0.0001
Month * Location 11 3.64 0.0001 3
Total 362
LRNA Month 3 43.40 0.0001 :
Location 8 10.22 0.0001
Month * Location 11 5.80 0.0001 SR |
Total 355 L
LDNA Month 3 17.22 0.0001 ~
Locatica 8 6.30 0.0001
Month * Location 11 4.70 0.0001 :
Total 355
MPROT Month 3 7.74 0.0001
Location 8 . 9.9% 0.0001
Month * Location i1 6.37 0.0001
Total 371 :
LPROT Month 3 23.68 0.0001
Location 8 2.36 0.0175
Month * Location 11 4.21 0.0001
Total 3690
HSI Month 3 20.01 0.0001
Location 8 9.03 0.0001 ]
Month * Location 1 4.39 0.0001
Total 438
MRD Month 3 11.40 0.0001
. Location 8 6.10 0.0001
Month * Location 11 3.78 0.0001 ;
Total 362
LRD Month .3 4.67 0.0033 :
Location 3 13.21 0.0001
Month * Location 11 3.66 0.0001

Total 355




Tabdble 7.

26

Monthly mean size and composition of YOY winter flounder at selected
sites in Narragansett Bay. Bracketed means are not statistically
different at P < 0.05 (Tukey's studentized range test). Locations
are: 1 Jamestown, 2 Patience-Prudence Islands, 3 Greenwich Bay, 4
Conimicut Point, and § Gaspee Point.

-

July August September October
Length {mm)

Location Mean Location Mean Location Mean Location Mean
3 73.8 ] 3 83.9 ] 3 83.5] 3 87.6
5 72.9 §. 5 76.5 1 81.0 7 87.5
1 §7.0 J 1 71.8 S 77.9 } 8 85.5
2 58.3 2 66.8 4 75.4 2 80.0
4 57.7 4 62.1 2 73.4 1 78.4

5 78.3
9 77.3
4 76.7
6 72.6 |
HSI
5 I.IFJ 2 1.02 3 0.85 5 0.99
3 1.04 ] 3 0.94 2 0.80 7 0.93
1 0.81 5 0.93 5 0.77 3 0.89
2 0.79 1 0.84 1 0.77 2 0.86
4 0.79 4 0.68) 8 0.85
6 0.83
1 0.81
4 0.27
9 0.71
Liver RNA Concentration ( ug/mg wet tissue)
2 9.97] 1 10.06 5 8.94 7 12.30]
5 8.99 5 9.73 ] 2 8.81 3 11.641
3 8.49 3 8.73 3 8.77 2 10.96
1 8.19 | - & 8.32 1 8.47 9 IO.SZJ
2 8.31 4 7.56 1 10.001
8 9.97
< 5 9.31
6 9.28
4 8.92
Muscle RNA Concentration {ug/mg wet tissue)
2 1.21 1 0.96 3 1.04] 7 1.63.{_
5 i.21 3 0.94 5 0.945 3 1.40.
i 1.07 2 0.87 2 0.85 l 9 1.18
3 1.06 5 0.85 4 0.83 5 1.16
- 4 0.8G 1 0.71 8 1.15
1 0.99
2 0.98
6 0.96
4 0.77 ]
Muscle Protein Concentration (ug/mg wet tissue)
2 1.87 4 1.80 4 1.83 9 2.01° .
5 1.65 3 1.89 5 1.79. ] 8 1.78 {7
1 1.52 1 1.78 2 1.47 4 1.72
3 1.06 l 2 1.65 3 1.32 7 1.68.
5 1.49 1 1.27 6 1.64
5. 1.60
- 1 1.60 |.
3 -1.37 ]
P 2 1.23
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Table 8. Lipid concentration (ug/mg wet tissue) in muscle and liver of YOY
winter flounder collected in September. Bracketed means are not statistically
different at P < 0.05 (Tukey's studentized range test).

Location N Meant1SD
Muscle Lipid (ug/mg wet tissue)
3 ‘ 16 8.65 1.11'|
5 15 7.97 &+ 1.25 |
2 10 7.72 + 1.48
1 15 7.62 + 2.04
4 13 7.37 £+ 1.12
Liver Lipid {ug/mg wet tissue}
1 15 49.7 £+ 10.11
5 14 47.1 t 5.44
3 15 46.8 + 6.10
2 10 45.7 + 12.66
4 13 36.2 + 7.21]

et




VAR et

Table 9. Correlations among length, weight, and biochemical characters of YOY winter flounder,

Correlation Coefficients / Prob > IRI under Ho: Rho=0 / Number of Observations

MONTH LENGTH WEIGHT , LWT MRNA MDNA LRNA
MONTH 1.00000 0.37077 0.28602 0.14264 0.13836 0.10671 0.33158
0.0000 0.0001 0.0001 0.0027 0.0081 0.0422 0.000t
463 462 463 439 3465 363 356
LENGTH 0.37077 1.00000 0.96307 0.80899 0.07129 Q. 19764 0.20005
0.0001 0.0000 ¢.0001 0.0001 0.1747 0.0002 0.0001
462 4ba 4ba 438 364 362 355
WE IGHT 0.28602 0.946307 1.00000 0.93098 0.11157 0.21504 0.2ae20
0.0001 0.000t 0.0000 0.0001 0.0331 0.0001} 0.0001
463 462 463 439 363 363 asa
LWT 0.14264 0.688899 0.93098 1.00000 0.226876 0.23952 0.85047
0.0027 0.0001 0.0001 0.0000 0.0001 0.0001% 0.0001
439 438 439 439 344 362 355
MRNA 0.13836 0.07129 0.11157 0.22874 1.00000 0.43a77 0.49405
0.0081 0.1747 0.0331 0.0001 0.0000 0.0001 0.0001
365 364 365 364 365 3463 347
MDNA 0.10671 0.19764 0.21504 0.2395a 0.43277 1.00000 0.287016
0.0422 0.0002 0.0001 0.0001 0.0001 0.0000 0.0001

363 362 363 362 363 363 346 ~

]

LRNA 0.331589 0.20085 0.2a8a8 0.25047 0.49405 0.27014 1.00000 o
0.000¢ 0.0001 0.0001 0.0001 0,0001 0.0001 0.0000
356 355 356 3595 347 344 354
L.DNA 0.28964 0.07040 0.05346 ~0.08233 0.00142 0.01829 0.40667
0.0001 0.1851 0.3120 o.1210 0.9790 0.7342 0.000t
357 356 as? 356 348 347 356
MPAOT -0.01034 ~0.21685 -0.,12576 ~Q0.13920 0.18841 O.2ao042 0.11391
0.839 0.0001 0.0152 0,0072 0.0003 0.0001 0.0324
37e 3 372 3N 363 361 353
LPROTY 0.31886 0.00970 0.03323 ~0.01042 0.19767 0, 13840 0.45%942
0.0001 0.8545 0.5a%91 0.8438 0.0002 0.0095 ¢.0001
) 361 360 361 360 351 350 354

4

HS1 ~0.18525 0.00983 0.02559 0.33617 0.28303 0.09193 Q.,00094
0.0001 0.8375 0.5%929 0.0001 0.0001 0.0807 0.98%46
439 438 439 439 364 362 35S
MRD 0,04460 ~0.07422 ~0.07948 -0.003468 0.45514 -0.9546534 0.17888
0,3948 0.Q0734 0.1288 0.9444 0.0001 0.0001 0.0008
363 362 363 3se 363 363 a4
LRD 0.030%4 0,10639 0.14833 0.294660 0.45158 0.28306% 0.54047
0.5607 0.0412 0.0050 0,0001 0.0001 0.0001 0.0001
3564 355 356 355 347 344 356
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