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EXECUTIVE SUMMARY 

\ 

The weakfish (Cynoscio~ regalis) is growing in popularity as 

a food and r~creational resource along the Atlantic coast. 

Recently, the North Carolina Division of Marine Fisheries 

completed a biological and fisheries profile on weakfish for the 

Atlantic States Marine Fisheries Commission as a first step in 

drafting· a coastwide management plan (Mercer 1983). The purpose 

of this document is to provide information that was not available 

during the preparation of the profile. This information includes 

trawl survey data collected by the Northea~t Fisheries Cent~r, 

updated catch statistics, results of a yield-per-recruit 

analysis, and the results of an analysis of the potential effects 

of fishing on reproductive capacity~ 

Harvest of weakfish along the Atlantic coast increased 

during the 1970s. By 1980, reported commercial landings were the 

third highest on record. Landings have since declined for three 

consecutive years and available i~di~~s of recruitment suggest 

they will continue to dropu Based on the yield-per-recruit and 

eggs-per-recruit analyses, it appears that weakfish from ~aryland 

to North Carolina have been experiencing growth overfishing and 

recruitment overfishing in recent years. The degree of 

overfishing that may be currently occurring on the entire coastal 

population depends on the extent that weakfish north and south of 

Maryland intermingle, on the ~pplicability of the estimated 

values of total mortality to the current fisheries, and on the 

appropriateness of the chosen values for natural mortality. 
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INTRODUCTION 

Weakfish (Cynoscion regalis) is a food and iecreational 

resource along the Atlantic coast that is growing in popularity. 

The 1980 commercial harvest of this species was the third highest 

in recorded statistics that extend back to 1880 (Mercer 1983), 

and the number of recreational anglers seeking weakfish doubled 

during the 10-year period 1965-1974 (Wilk 1979). Recently, the 

State of North Carolina, Division of Marine Fisheries, prepared a 

species ~profile" that summarizes the available biological and 

fisheries data on weakfish (Mercer 1983). The Atlantic States 

Marine Fisheries Commission (ASMFC) plans to use the profile as a 

basis for the preparation of a coastwide management plan. 

The purpose of this document is to provide information not 

available during the preparation of the profile. This informat~6n 

includes results of the Northeast Fisheries Center (NEFC) trawl 

surveys off the Northeast coast (Maine to Cape Hatteras~ North 

Carolina) and catch statistics update~ through 1983. This 

document also presents results of analyses of the potential 

effects of fishing on yield per recruit and reproductive capacity 

of the weakfish resource. Information on management, biology> and 

fisheries characteristics is also briefly summarized to provide a 

more complete basis for the analyses and conclusions. 
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HANAGEl'1ENT 

A synoptic overview of state "regulations- regarding the catch 

of weakfish ~n territorial waters (0-4.8 km offshore) is given in 

Table 1. All Atlantic coastal states require a general permit or 

license for the commercial harvest of weakfish, and some states 

have specific gear and area restrictions. All the coastal states 

from C~nnecticut to Maryland have minimum size limits for their 

commercial fisheries ranging from 22.9 cm to 30.5 cm (9-12 in)e 

New York, Delaware, and Maryland also have minimum size 

restrictions for weakfish taken in their recreational fisheries. 

At present, there is no re~ional plan providing for the 

coordinated management of the weakfish resource along the 

Atlantic coast. However, the ASMFC designated weakfish and two 

other sciaenids (spotted seatrout and red drum) as species with 

high priority to be managed unde! the ASMFC Interstate Management 

Program. The North Carolina Division of Marine Fisheries is 

currently under contract to prepare a fishery management plan in 

cooperation with State and Feder~l fJshery managers (Sciaenid 

Technical Committee). The scheduled completion date of the plan 

preparation is March 1985. In addition, during the last quarter 

of 1986 the Mid-Atlantic Fishery Management touncil will 

determine if a fishery management plan (FMP) is required for the 

species in the Fishery Conservation Zone (FCZ, 3-200 miles or 

4.8-320 km offshore). If the species is identified for management 

in the FeZ, preparation of the FMP will begin during the first 

quarter of 1987. 
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CATCH STATISTICS 

The fishery for weakfish along the Atlantic coast coincides 

with the species' north-south migration habits (McHugh 1980). 

Weakfish are caught in the summer months at the northern end of 

their range (Cape Cod) and in the winter months at the southern 

end (Florida). An extensive review of the catch statistics and 

characteristics of the fisheries for weakfish along the Atlantic 

coast was prepared by Mercer (1983). The catch statistics and 

fishery characteristics are briefly summarized and updated in 

this section. 

Commercial Fishery 

Reported commercial landings of weakfish alon; the Atlantic 

~ 

coast have fluctuated between 1,000 and 20,000 metric tons (Qt) 

from 1880 to 1983 (Figure 1). Peaks in reported landings occurred 

in the early 1900s, the early 193Ds, -the mid-1940s, and in 1980. 

Reported landings for 1980 (16,000 mt) were the third highest 

in the 104-year record. However, reported landings declined 

steadily to 8)000 mt in 1983. Since 1970, approximately 50% of 

the landings reported annually have been from the South Atlantic 

Region (North Carolina to Florida), 27% have been from the Middle 

Atlantic Region (New York to Delaware), 21% have been from the 

Chesapeake Region (Maryland and Virginia), and 1% from the ~ew 

England Region (Maine to Connecticut). Increases in reported 

landings in the New England Region during the 19408 and 19708 
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coincide with ~ncreases in landings 'farther south, suggesting a 

wider distribution of the ~p~eies during periods of high stock 

ab~ndance (Wilk 1981). 

North Carolina has reported the highest commercial landings 

of the Atlantic coastal states since 1957; Virginia had the 

highest reported landings for most of the earlier years (Appendix 

I). However, the shift in catch to North Carolina is probably 

more a reflection of the increased mobility of the North Carolina 

fishing fleet than an actual shift in the distribution of 

weakfish (Mercer 1983). The large increase in reported landings 

in Delaware from 1979 (212.t) to 1980 (403 t) may, be due to 

increased reporting or improved statistics rather than a major 

increase in the size of the fishery (Seagraves and Rockland 

1983). 

Gear used to harvest weakfish for commercial purposes are 

principally pound nets, haul seines, gill nets, and trawls. A 

comparison of the distribution of total reported landings by gear 

between the 1940s and 19708 (Wil~ 1981) reveals a shift in the 

dominance of pound nets (63% of total· catch, 1940-1949) to the 

dominance of trawls (60% of total catch, 1970-1979). Other gear 

used to catch weakfish are hand lines, purse seines, and 

trammel, hoop, and fyke nets (Wilk 1981). A substantial amnunt of 

young-of-the-year weakfish are also captured and discarded in the 

shrimp fishery that operates from North Carolina to Florida. 

Wolff (1972) determined that the amount of weakfish discard from 

shrimping operations in North Carolina during 1969-1971 was 

approximately 64% of the total North Carolina landings of 

weakfish during those years. 
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A 51-mm (2-in) stretched mesh has traditionally been used in 

pound nets, resulting in a 50% retention length of 203 mm for 

weakfish (Meyer and Merriner 1976). Weakfish of this length are 

approximately age 1, based on Wilk (1979, p.24). Fifty-percent 

retention lengths for the trawl stretched mesh size used in the 

Delaware Bay commercial fishery (51 mm, 2 in) is 66 mm; however, 

fish less than 185 mm (age 1, Wilk 1"979) are culled from the 

catch (Daiber 1951, 1958). Increasing the stretched mesh size to 

76 mm (3 in) would increase the 50% retention length to 204 mm 

(Daiber lac. c~t.). Shepherd (1982) presents length and size 

composition data from the commercial trawl fishery operating out 

of Cape May, New Jersey in the spring and fall, 1980-1981, and 

notes that spring landings consisted of fish from age 1 to 10 

(majority age 5) while the fall landings were primarily age 1. No 

information is available on the size selectivity of the haul 

seine and gill net fisheries for weakfish. 

Recreational Fishery 

Wilk (1981) and Mercer (1983) provide a description of the 

recreational fishery for weakfish. Estimates of weakfish catch in 

the recreational fishery along the Atlantic coast are available 

for 1965 (Deuel and Clark 1968), 1970 (Deuel 1973), and annually 

since 1979 (USDOC 1980, NMFS unpublished data). The 1960 

coastwide survey (Clark 1962) did not list weakfish as a separate 
, 

species; therefore) results of this survey cannot be used in 

comparison to the later surveys. The 1965 an~ 1970 surveys are 
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suspected of overestimat~ng catch due to a lengthy recall period 

(Hiett and Worral 1977). The surveys conducted since 1979 used a 

different sampling method than the earlier surveys,- a-imed at 

improving the accuracy of angler re~all (USDOC 1980). 

Results of the coastwide surveys (Table 2) indicate that the 

recreational fishery fdr weakfish increased substantially from a 

catch of 1.8 million fish in 1965 (suspected of being an 

ov~rest~mate) to a catch of over 12.6 million fish in 1980. The 

catch then steadily declined to 1.3 million fish in 1982, 

mimicking the trend in commercial harvest during the same period. 

The average weight per fish caught has also fluctuated from an 

average of 0.6 kg per fish in 1965 to 2.2 kg per fish in 1982. 

According to the growth and length-weight equations provided in 

Wilk (1979), the age of a 0.6 kg fish would be approximately 265 

years, and the age of a 2.2 kg fish~ould be approximately 6 

yearso Variation in average weights of the catch since 1979 are 

subject to the number of fish inspected in a given sample wave; 

sample sizes for the 1979-1982 survey interceptions of weakfish 

have not yet been evaluated as to _ th~_ir adequacy for providing 

robust estimates. 

Annual total landings (in weight) since 1965 may be 

calculated by addirig the reported commercial land~ngs and 

estimated weight of the recreational catch. For years where 

recreational survey data are unavailable, total landings may be 

estimated by interpolating the ratio of recreational/commercial 

landings ratio in years with recreational surveys to the 

intervening years and multiplying the commercial catch in those 

years by-the appropriate ratio. The resultant values (Table 3) 
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indicate that total landings of weakfish along the Atlantic coast 

increased from 2,300-6,000 mt in the late 1960s to over 34,000 mt 

in 1980. The estimate of total landings for 1983 is 24,262 mt. 

BIOLOGY 

Stocks 

Lack of homogeneity in age and size composition and growth 

characteristics of weakfish along the Atlantic coast has lead to 

the hypothesis that two or more',stocks exist (in this paper, 

races, sub-groups, and stocks are assumed to be synonomous 

terms). Nesbit (1954) hypothesized that distinct northern and 

southern stocks o~ weakfish exist along the Atlantic Coast based 

on differences in scale sculpturing in age 0+ weakfish collected 

in estuaries from New York to North Carolina. Perlmutter et a1. 

(1956) concurred with Nesbit's hypothesis based on their 

examination of meristics, scale scul~turing, and growth rates. 

However, differences found in both studies were only marginally 

significant. 

Seguin (1960) separated three stocks 'based on morphometric 

and meristic characters of age 0+ weakfish: (1) New York and ~ew 

Jersey, (2) D~laware and Virginia, and (3) North Carolina. 

Shepherd (1982) also separated three stocks, but with different 

ranges, based on differences in total length/scale length 

relationships for adults: (1) Cape Cod to 06ean City, Maryland, 

(2) Ocean City to Virginia Beach, Viriginia, and (3) Virginia 
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Beach to Cape Fear. In addition; he noted differences in growth 

and f~cundity rates ~etwae~ weakfish from northern and southern 

locations. Crawford and Gr~mes (19?3) found no genetic basis for 

the separation of stocks based ·on an electrophoretic study of 

juvenile weakfish collected from New York to North Carolina. This 

suggests that differences found by the other investigators are of 

phenotypic (rather than genotypic) origin. 

Spawning 

Weakfish spawning, hatching, and larval development occurs 

in estuarine and near-shore oceanic waters along the Atlantic 

coast during spring and summer (Mercer 1983). Colton et ale 

(1979) indicated that the principal area of spawning extends from 

the Chesapeake Bay northward to Long Island, New York, based on 

ichthyoplankton surveys. However, spawning adults have been 

observed in or near virtually every estuary from the east eoa~t 

of Florida to the Gulf of Maine (Mercer 1983). 

Most weakfish reach sexual matuFity during their second 

summer, although the smaller members of a given year class may 

not reach maturity until 2 years of age (Mercer 1983). Merriner 

(1976) repor~ed that males in North Carolina waters attain 

maturity at a smaller size (13.0-15.0 em standard length, SL) 

than females (14.5-19.0 em SL). Shepherd (1982) reported an 

overall 1:1 ratio of males to females for weakfish from North 

Carolina to Cape Cod, but also found that significant differences 

in the sex ratio existed for various size intervals because of 

differences in growth rates between the sexes. Males predominated 
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the smaller size intervals and the proportion of temales 

increased to greater than 50% for all size intervals greater than-

50 cm. 

Fecundity data for" weakfish indicate a logarithmic 

relationship between body length and number of eggs per female 

and a linear relationship between body weight and number of eggs 

per female. Merriner (1976) derived relationships between 

fecundity and body size for weakfish sampled in North Carolina 

that are substantially different than relationships derived by 

Shepherd (1982) for weakfish sampled in the New York Bight. While 

Shepherd's relationships indicate a lo~er fecundity rate for 

weakfish, he hypothesized that cumulative lifetime fecundity is 

nearly the same for weakfish in both coastal regions due to the 

greater longevity and la~ger maximum size of fish sampled farther 

north. 

Migration 

Weakfish follow a seasonal migration pattern along the 

Atlantic coast, moving south and offshore during the autumn and 

winter (Figure 2») and north and inshore -during the spring and 

summer (Figure 3). During the autumn migration, younger weakfish 

(less than 4 years of age) tend to stay inshore, moving south~ard 

to the inner shelf waters from North Carolina to Florida (Nesbit 

1954; Wilk 1979). Larger and older weakfish (age 4 years and 

older) move south but offshore, probably no farther than ~orth 

Carolina, and then return to their inshore northern grounds 
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during spring (Wilk 1979). The largest and presumably £astest

swimming weakfish tend to congregate in the n~rthern parts of 

their range during the summer months (Nesbit 1954; Wilk 1979; 

Shepherd 1982). 

Age and Growth 

Weakfish eggs hatch in 36-40 h at 20-21 C (Welsh and Breder 

1923). Larvae range in size from 1.5 mm to 1.75 mm total length 

eTL) at hatching and become demersal at 8 mm TL. Larvae have been 

collected from near shore to 70 km offshore) as well as within 

estuaries and tidal passes (Merc~r 1983)0 Juvenile weakfish are 

euryhaline and rely chiefly on estuarine habitat during their 

first growing seaso~. Growth is rapid during their first year and 

by December they attain an average length of approximately 17 cm 

TL (Hildebrand and Cable 1934). 

Mercer (1983) summarized the numerous investigations of the 

age composition and growth rate of weakfish. The mean back

calculated length at first annulus. fo~mation (age 1) ranged from 

15.5 cm to 18.0 em TL and was fairly constant in time and 

location. However, variation in size after age 1 was considerable 

among locations and years of collection. Nesbit (1954), 

Perlmutter et ale (1956), and Shepherd (1982) reported larger 

size-at-age estimates for weakfish older than age 1 collected 

from northern waters than for those collected from southern 

waters. In ad~itiont Merriner (1973) and Seagraves (1981) 

reported temporal variation i~ growth of weakfish from North 

Carolina waters and Delaware .Bay, respectively_ Merriner 
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(1973), in his study of North Carolina weakfish, w~s" the only 

in~~stigator to-report significant differences in the length

weight relationship between males and females (males weighing 

less at a given length than females). 

Trophic Relationships 

Chao and Musick (1977) classified weakfish as "upper 

midwater" feeders based on external feeding morphology. Numerous 

studies of weakfish feeding habits are summarized by Mercer 

(1~83). Weakfish tend to feed throughout the water column with 

the size and type of prey dependent on local food supply and size 

of the weakfish. In general, juvenile weakfish and smaller adults 

principally feed on fish, mysid shrimp, and other sm~ll 

invertebrates. As weakfish get larger, they tend to feed more 

predominantly on larger fishes. Among the fishes most frequently 

consumed are butterfish, herrings, sand lance, silversides, 

an c h 0 vie s, we a k £ ish (y 0 un g), At 1 an"t i c -. c r 0 a k e r, s pot, s cup, and 

killifisheso Invertebrates observed in the diet include assorted 

shrimps, squids, crabs, annelid worms, and clams (Wilk 1979). 

l·J-eakfish are preyed upon by large"r predators including 

bluefish, striped bass, and numerous shark species. Reviews of 

the parasites and diseases reported found in weakfish are 

contained in Merriner (1973), Wilk (1979), and Mercer (1983). 
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STOCK ABUNDANCE AND RECRUITMENT 

Information on stock abundance and recruitment of weakfish 

along the Atlantic coast is available from surveys conducted by 

the Northeast Fisheries Center-and by various states from Georgia 

to Rhode Island. As di~cussed in this section, information on 

stock abundance is relatively weak; ·however, abundance 

measurements of young-of-the-year and yearling weakfish may be 

adequate to project the level of availability to the fishabl~ 

stock. 

NEFC Surveys 

Bottom trawl surveys have been conducted by the NEFC off the 

northeastern US coast since 1963 in offshore waters (>27 m depth) 

and since 1972 in inshore waters «27 m depth). The ALBATROSS IV 
.~ 

and DELAWARE II have been used for the offshore surveys since 

1963 and for the inshore surveys since 1974; the ATLANTIC TWIN 

was used for inshore surveys in 1972 -and 1973. A "36 Yankee" 

trawl equipped with 41 em rollers has been used in all summer and 

autumn surveys, and in all spring surveys before 1973 and after 

1981. A modified high-opening "41 Yankee" trawl equipped \vi th 30-

46 em rollers was used in the spring surveys during 1973-1981. 

Both trawls employed 13 mm codend liners. A 30-minute tow was 

made at each station at a vessel speed of 6.5 km/hour (3.5 knots) 

in all surveys~ Adaitional information concerning the surveys is 

pro vi de din G r 0 S s 1 e in (1 96 9 )) A z a r 0 v i t z (1 981 ), and C 1 ark (1 9 B-1 ) . 

Catches of weakfish in the NEFC surveys have been limited to 
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principally fish <30 cm in total length (TL) in the autumn 

inshore surveys. Clark et al. (1969) also found that ju~eriile

weakfish were distributed inshore along the coast from Long 

Island to North Catolina ~t depths of 9-Z6m in late summer and 

autumn. Mercer (1983) reports that young-of-the-year weakfish 

were caught in inshore trawl surveys along the coast of North 

Carolina, 1968-1981, in depths of 9-18 m during the autumn and 

winter months. Occasionally weakfish are caught in the other NEFC 

surveys, but in insu~ficient quantities to allow meaningful 

statistical comparisons. Therefore, only the autumn inshore 

survey data are used to calculat~ catch-per-tow indices of 

abundance. The catch-per-tow'index is the stratified mean of the 

average catch per tow within each sample stratum of a defined set 

o f s t rat a, we i'g h ted by the sur f ace are a 0 f the cor res po n din g 

stratum. 

The average size of weakfish caught in the NEFC autumn 

inshore survey, 1974-1982, was 17 cm, and an average of 98% of 

the weakfish caught were less than-3D-'cm IL (Figure 4). Weakfish 

in this size range have been aged as young-of-the-year and 

yearlings by Shepherd (1982). Wilk (1979) gave a range of 13 to 

32 em (average = 19 em) for pu~lished estimates of sizes for 

yearling weakfish. If this range reflects back-calculated lengths 

at annulus formation, then it should be slightly above expecte~ 

sizes of young-of-the-year weakfish in autumn surveys. As such, 

it is very likely that weakfish un~er 20 em TL caught in the 

autumn inshore survey were almost entirely young-of-the-year. 

Weakfish between 20 cm and 30 em TL are likely to be both young-

13' 



of-the year and yearlings. 

Weakfish w~~e caught in-all but one inshore stratum between 

Cape Cod and Cape Hatteras during t·he autumn surveys (Appendix II 

an~ Figure 5). The highest densities were found in strata less 

than 5 fathoms deep from Cape May to Cape Hatteras. The 

stratified number of weakfish caught per tow (strata 1-45) ranged 

from 263.3 fish per tow in 1978 to 29.6 fish per tow in 1982 with 

no disc~rnable trend (Figure 6). These values are significantly 

correlated (r=O.89» df=6, P<O.Ol) with total (recreational and 

commercial) coastwide landings of weakfish two years later 

(Figure 7), indicating that the.survey catch-per-tow index may 

also be an index of future stock availability to the fishery 

(i.e. an index of recruitment strength). The correlation may, 

however, be spurious due to the strong influence of one data 

point (1978 index vs 1980 catch). Without this data point, the 

relationship remains positive, but is non-significant (r=O.56, 

df=5, P<O.OS). 

State Surveys 

Most of the survey data on weakfish collected by state 

agencies is not as extensive, in both years and area of coverage, 

as the ~EFC survey data based on standardized trawls. However, 

state survey data does provide insight into seasonal trends and 

differences among juvenile weakfish in the various estuaries 

along the Atlantic coast. 

Trawl surveys conducted in the Cape Fear River, North 

Carolina, indicate that abundance of juveniles increased frou 

14 



1973 to 1976, declined in 1977, increased in 1978 to 1980, and 

declined sharp11 thereafter (Mercer 1983). Trawl surveys in the 

Y6rk River, Virginia, from 1955 to·1982 indicate that peaks in 

abundance occurred at approximately 10-year intervals with the 

highest peak occurring in 1980 (Austirt 1981). As with the 

relationship between the NEFC abundance index ali~ subsequent 

catch, increases in the commercial pound net fisheries in 

Virginia' occurred 2-3 years after increases in juvenile 

abundance. A blue crab trawl survey conducted by Maryland, 1980-

1982, indicated that ,juvenile weakfish abundance declined from 

1980 to 1982 in upper Chesapeake Bay, but increased during the 

same time period in Chincoteague Bay on the Atlantic coast 

(Dintaman 1981, 1982, 1983)w 

~eagraves (1981) summarized tr~wl survey data collected 

during the spring and summer months in Delaware Bay, 1953-1955, 

1967-1971, and 1979. A considerable reduction in mean density, 

coupled with an increase in average size, was observed when the 

1979 collections were compared to th6~e from earlier years. 

During 1953-1955, the trawl catch of weakfish was composed wainly 

of young-of-the-year and yearling fish; the majority of fish 

sampled were between 15.0 cm and 25.0 cm SL. In comparison, 

length-frequency distributions from 1979 trawl collections 

indicated the presence of older individuals which were virtually 

absent from the earlier collections. Older age groups firsi began 

to appear in trawl collections in 1969. Catch rates of juvenile 

weakfish in Delaware Bay dropped in 1981 (Swith 1982) and were 

similar in 1981 and 1982 (Seagraves 1982). Weakfish juveniles 
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underwent an increase in relative abundance in Rhode Island 

wateis fr~m 1979 to 19frl (Ordzie, cited in Mercer 1983). 

None of the juvenile abundance indices in State waters 

appear to coincide with indices from other State waters nor with 

the NEFC inshore survey abundance index. If factors that control 

year class strength of weakfish in the individual coastal areas 

are different, or the same set of factors have different effects, 

then a 6orrespondence of juvenile indices would not be expected 

and th~ NEFC survey index would be an "integrator" of the 

individual indices. The close issociations between th~ Virginia 

index and; subsequent Virginia landings, and between the NEFC 

index and subsequent coastwide landings, suggest that this 

assertion may be valid. 

HARVEST AND REPRODUCTIVE CAPACITY 

Two analyses were performed to examine the effects of 

various fishing strategies on harvest and reproductive capacity 

of weakfish. A .yield-per-recruit anal~sis was undertaken to 

determine the level of fishing mortality that would result in 

maximum yield per fish for a given age at entry to the fishable 

stock. Also, an egg-per-recruit analysis was performed to relate 

the effects of changes in fishing mortality or age at entry on 

the reptoductive capacity of the stock. 

Input data for these analyses were based on life history 

parameter values presented in Table 4. Length-at-age values are 

frbm Shepher~ and Grimes (in press) for weakfish sampled from 

Cape Cod to Maryland. Weight-at-age values are derived from the 
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corresponding length-at-age values by applying a le~gth-weight 

relationship reported by Shepherd (1982) for weakfish in the same 

coastal area. Maturity-at-age valu~s are based on the statement 

by Wilk (1979) that most) if not all, weakfish sampled in the 

Middle Atlantic Bight were mature by two years of age. Fecundity

at-age values are based on a relationships between fecundity and 

total length derived by Merriner (.1976) for weakfish in North 

Carolina and derived by Shepherd (1982) for weakfish in more 

northern waters. Both relationships were used in the yield-per

recruit and eggs-per-recruit analyses because (as mentioned 

previously) of the substantial differences in their estimates of 

the number of eggs at a given size. For example, a 500 mm TL 

female would produce over 2 million eggs based on Merriner's 

relationship and only 600,000 based on ShepherdPs relationship. 

Yield per Recruit 

A Thompson and Bell (1934) model--was ~sed to estimate yield 

per recruit for various levels of instantaneous fishing mortality 

(F) and age at entry to the fishery etc). Values of F were varied 

between 0 and 1, and values of tc were varied between age 0.5 and 

age 4. Two levels of instantaneous natural mortality eM) were 

arbitrarily chosen, M=O.25 and M=O.35, because of the lack of 

available estimates and because they lie within the range of 

values used by Murawski (1977) for his preliminary assessment of 

weakfish in the Middle Atla~tic Bight (M=O.2 to M=O.4). The 

maximum number of ages used in the analysis was -15, based on a 
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recommendation by Anthony (1982) that the maximum number should 

bi greater than the age when the cumul~tive ~alue of M is greater 

than or equal to 3.0 (= 12 years for M=O.25 and 8.5 years for 

M=O.35) in yield-per-recruit analyses. 

Results of the yield-per-recruit analysis are expressed as 

the value of Fmax (level of F that produces the highest yield per 

recruit) and FO.l (level of F that corresponds to a point on the 

yield-p~r-recruit curve where the slope is equal to 10% of the 

slope at the origin) for a given age at entry to the fishable 

stock. The FO.l level is a reference level of fishing mortality 

that is frequently used by managers to avoid overfishing. 

If current values of F for the weakfish fishery along the 

Atlantic coast are higher than the estimates of Fmax, then growth 

overfishing is occurring. Values for F can be calculated from 

available estimates of total instantaneous mortality (2 = F + ~), 

which range from 0.38 to 0.42 for weakfish north of Maryland, and 

from 0.65 to 1.14 for weakfish from Maryland to North Carolina 

(Table 6) in recent years (post 1960). Assuming M=O.25 or M=O.3S, 

values of Fare 0.05-0.15 for weak£i~h north of Maryland and 

0.52-0.62 for weakfish from Maryland to North Carolina. 

Age at entry to the weakfish fishery along the Atlantic 

coast is generally age 1 (see CATCH STATISTICS), indicating that 

weakfish south of Maryland may be undergoing exploitation at a 

level higher than Fmax, while weakfish north of liaryland are 

being exploited at a level near or below FO.l (Table 5). The age 

at entry that results in maximum yield per recruit is 4 years 

with M=O.25 or M=O.35. Delaying age at entry from age 1 to age 2 

will increase yield per recruit by 25% at Fmax and M=0.25, and by 



L9% at Fmax and M=O.35. Murawski (1977) estimated that delaying 

age at entry from age 1 to age 2 would increase yiel~ per recruit 

by 30% at Fmax and M=O.2 to M=O.4. Delaying age at entry from age 

1 until age 4 will increase yield per recruit by 64% at Fmax and 

M=O.15, and by 70% at F~ax and M=O.3S. 

Effects of Fishing on Reproductive Capacity 

The yield-per-recruit analysis relies on the assumption 

that tecruitment to age 1 remains constant for all fishitig 

conditions. It is possible, however, for stocks ·to be. reduced by 

fishing to a level where the total egg production (or other 

measures of reproductive capacity) is insufficient to maintain 

recruitment at or above a level that allows the spawning stock to 

replace itself (termed recruitment overfishing). One measure of 

the relative effects of fishing on the reproductive capacity of a 

fish stock is a comparison of the expected lifetime fecundity of 

an age 1 female recruit (eggs per recruit) EPR) under varying 

levels of F to that female's maximum expected lifetime fecundity 

. (EPRmax) when F=O. 

The EPR-value can be calculated using the following 

equation; 

\vhere N 
1 

n 
EPR ~ N P E 

i=l iii 

number of age i females eN 
1 

N ~ exp-(F + ~ ); 
1+1 i i i 
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where: 

P = proportion of age i females that are mature; 
i 

E = average fecundity of an age i female; and 
i 

n = oldest age in the spawning population. 

In the EPR analysis for weakfish, F-values were varied between 0 

and 1, M~values were 0.25 or 0.35, P-values and E-values were 

taken from Table 4, and n was equal to 15 to conform with the 

yiel~-per-recruit analysis. Age at entry to the fishery (tc) was 

varied between 0.5 an~ 4 years. Four analyses were performed, 

representing the two levels of M and the two fecundi~y schedules. 

Resultant estimates of EPR are expressed as the percentage 

of EPRmax (Figure 8). The estimates are sensitive to the 

fecundity schedule chosen. For example, at tc=2 and F=O.3, the 

EPR estimate is equal to 24-30% of :PRmax using i:crriner's (1976) 

fecundity relationship for weakfish in No~th Carolina. Using 

Shepherd's (1982) fecundity relationship for weakfish from Cape 

Cod to Maryland, estimates of EPR range from 18% to 20% of 

EPRmax. 

Also plotted in Figure 8 are the Fmax and FO.l values for 

the corresponding values of tc (from Table 5). Managing the 

fishery at Fmax would result in EPR-values that are between 30% 

and 40% of EPRmax, and EPR-values based on FO.l lie between 4·0% 

and 60% of EPRmax for Merriner's fecundity schedule. For 

Shepherd~s fecundity schedule, EPR-values based on Fmax lie 

between 10% and 30% of EPRmax, and EPR-values based on FO.l lie 
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between 30% and 50% of EPRmax. 

Using Shepherd's fecundity schedule for w~akfi~h north of 

Maryland and the most recent estimates of F based on sampling 

in the same region (0.05-0.15, Table 6), estimates of EPR are 

38%-71% of EPRmax for tc=l, and 44%-75% of EPRmax at tc=2. Using 

Merriner's fecundity schedule for weakfish in North Carolina and 

the most recent estimates of F based on sampling south of 

Maryla~d (0.52-0.62, Table 6), estimates of EPR are less than 

20%, and may be as low as 10%, of EPRmax at tc=l (Figure 8). 

Delaying entry to the fishery in North Carolina until an age of 2 

years would raise the estimates of EPR to 20-30% of EPRmax. 

The minimum egg production per recruit that is necessary to 

maintain stock levels cannot be estimated from available data; 

however, analyses done on other fish species (silver hake, 

haddock, and cod; Gabriel et a1. 1984) indicate that 20-40% of 

the maximum spawning stock biomass per recruit is necessary to 

maintain stock size for those species. Percent of maximum 

spawning stock biomass per recruit i~ equivalent to percent of 

maximum eggs per recuit if fecundity ~nd biomass are linearly 

related, as is the case for weakfish (Merriner 1976). 

DISCUSSION 

Weakfish catch (commercial and recreational) along the 

Atlantic coast was near the highest on record in 1980; however, 

available recruitment indices suggest that harvest will continue 

to drop from that peak. Based on the yield-per-recruit and eggs-

per recruit analyses, it appears that weakfish from Maryland to 
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N~rth Carolina have been experiencing both growth overfishing and 

recruitment overfishing-in r~c~nt years. The degree of growth or 

recruitment over fishing that may currently be occurring on the 

total ,coastal population of weakfish depends on the extent of 

intermingling by weakfish north and south.of Maryland, on the 

applicability of the estimated value of total mortality to the 

current, fishery, and on the appropriateness of the chosen range 

of valu~s for natural mortality. 

The pres~nce of much older weakfish in the northern region 

along the Atlantic coast (age 11+, Shepherd 1982) versus the 

southern region (less than ~ge 6, Merriner 1973), coupled with 

the lower fecundity rate of the fish in the northern region 

(Table 4), suggests that the lower estimates of total mortality 

rate for weakfish in the northern region may be a reflection of 

lower natural mortality rather than a lower fishing mortality. 

Given the lack of estimates for either natural or fishing 

mortality, it is currently impossible to rule out this 

hypothesis. If tha natural ffiortaiiti' rate is higher than M=O.35 

for weakfish in the southern region, then growth and recruitment 

overfishing may not be occurring to that portion of the total 

coastal population. It is suggested that future biological 

investigations on this species focus on estimation of natural 

mortality and fecundity rate~, in addition to estimation of 

fishing mortality. A coordinated, coastwide tagging program is 

one method that could be used to obtain estimates of fishing and 

natural mortality. 

A coastwide tagging program may also provide additional 
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evidence on the degree of stock separation for weakfish along the 

Atlantic coast. The different fecundity schedt,lles -a-nd range of 

total mortality values for weakfish sampled south and north of 

Maryland lends support to the hypothesis that at least two stocks 

occur along the coast. Delineation of separate races of weakfish 

and their distribution through time and location under differing 

stock densities is not well-defined at present~ Past racial 

studies_have demonstrated geographic differences in certain 

characters indicating that some degree of separation exists; 

however, mixing among the subgroups does occur. Considering the 

available evidence, the most likely point of stock 'separation 

occurs at Cape -Hatteras (Nesbit 1954; ~(seph 1972). 
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Table 1. State Regulations Concerning the Catch of Weakfish* 

State 

Rhode Island 

Connecticut 

New York 

New Jersey 

Delaware 

Maryland 

North Carolina 

South Carolina 

Georgia 

Florida 

Commercial 

Permit or license 

Permit or license 
Minimum size limit 

(12 in) 

Permit or license. 
Gear restrictions 
Minimum size limit 

(12 in) 

Permit or license 
Gear restrictions 
Minimum size limit 

(9 in) 

Permit or license 
Gear restrictions 
Minimum size limit 

(.10 in) 

Permit or license 
Gear restrictions 
M£nimum size limit 

(9 in) 

Permit or license 
G ear res t ric t ion s -. 

Permit or license 
Gear restrictions 

Permit or license 
Gear restrictions 

Permit or license 
Gear restrictions 

*Source: Mercer (1983) 

Recreational 

None 

None 

Minimum size limit 
(12 in) 

None 

Minimum size limit 
(10 in) 

License in Chesapeake 
proposed for 1985 

Minimum size limit 
(9 in) 

None 

None 

None 

None 



Table 2. Estimates of Weakfish Catch in the Recreational 
Fishery along the At~anti~_Coast, 1965-1982* 

Total Number Total Weight Average Weight 
Survey Year (millions of fish) (t) (kg) 

1965 1,799 1,029 0.57 

1970 10,142 7,113 0.70 

1979 4,417 5,066 1.15 

1980 12,571 18,154 1.44 

1981 9,142 6,619 0.72 

1982 1,342 2,918 2.17 

*1965 based on Deuel and Clark (1968); 1970 based on Deuel 
(1973); 1979 based on USDOC (1981); and 1980-1982 based on NMFS 
(unpublished data) 



Table 3. Estimated Total Landings (t) of Weakfish along the Atlantic Coast 

North Atlantic (ME-CT) Middle Atlantic (NY-VA) South Atlantic (NC-FL) Grand 
Year COGm .. Recr. Total Comma Recr. Total Comma Recr. Total Total 

1965 2 205 207 1,427 822 2,249 1.035 0 1~035 3,491 

1966 1 97 98 749 824 1,573 957 0 957 2,628 

1967 1 91 92 535 803 1,338 862 0 8.62 2,292 

1968 1 86 87 849 1,698 2,547 1 , 136 0 1,136 3,770 

1969 6 481 487 1,382 3,317 4,699 767 0 767 5,953 

1970 10 746* 756 2,208 6,638* 8,576 1,242 0*' 1,242 10,574 

1971 84 4,729 4,813 3,325 9,310 12,635 1,719 0 1,719 19,167 

1972 83 3.154 3,237 3,784 10,217 14,001 3,423 0 3,423 20,661 

1973 85 1.666 1,751 4,447 11,11B 15,565 2,981 30 3,011 20,327 

1974 236 299** 535 3,568 8,581** 12,149 2,806 28 2,834 15.518 

1975 224 269 493 4,992 10,483 15,475 3,104 31 3,135 19,103 

1976 159 175 334 5,313 9,032 14,345 4,007 40 4;047 18,726 

1977 154 139 293 4,443 6,220 10,663 3,931 3.9 3,970 14,926 

1978 134 107 241 4,640 4,640 9,280 4,290 49 4,969 14,490 

1979 221 163* 384 6,979 4,801* 11,780 6,694 102* 6.796 18,960 

1980 130 356** 486 6,854 17,601** 24,455 9,307 197** 9,504 34,455 

1981 181 133** 314 4,020 6,397** 10,417 7,745 89** 7,834 18,565 

1982 11Z 56** 168 3,074 2,717** 5,791 5,545 145** 5,690 11,649 

1983 90 45 135 3 1170 '2,853 6,023 4,697 141 4,838 10,996 

Reported commercial landings from Fisheries Statistics of the U. S. and NMFS (unpublished da ta) 

*Source: 1965 (Deuel and Clark 1968); 1970 (Deuel 1973); 1979 (US DOC 1981) 

**Source: NMFS (unpublished data) 



Age 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Table 4. Life History Parameters for Weak1ish 
along the Atlantic Coast* 

Average Average 'Fecundi ty (millions of eggs) 
Length W.eight Percent --------~-------------------

(mm SL) (kg) Mature NC MA-MD 

159 0.06 50 0.15 0.00 

285 0.33 100 0.75 0.05 

381 0.79 100 1.68 0.21 

453 1.32 100 2.73 0.47 

508 1.86 100 3.75 0.80 

550 2.35 100 4.68 1.16 

582 2 .. 78 100 5.47 1.50 

606 3.14 100 6.12 1.82 

625 3.44 100 6.,66 2 .. 09 

639 3.67 100 7008 2.33 

649 3.86 100 7.42 2.51 

657 4.00 100 7.68 2.66 

663 4.11 100 1.88 2.78 

668 4.20 100 8.03 2.87 

672 4.27 100 8.15 2.94 

*Averagelengths based on Shepherd and Grimes (in press); average 
weights based on length-weight relationship derived by Shepherd 
(1982); percent maturtty from Wilk (1979); and fecundity based on 
relationships between fecundity and length d~rived by Merriner 
(1976) for North Carolina weakfish, and by Shepherd (1982) for 
weakfish from Cape Cod to Ocean City, Maryland. 



Table 5. Results of Yield-per-Recruit Analysis for Weakfish* 

Age at En t.ry to· Fishery (tc) 

0.5 1 1.5 2 2.5 3 3.5 4 

M=0.25 

Fmax 0.198 0.214 0.249 0.312 0.371 0.521 0.628 ** 
FO.1 0.138 0.146 0.164 0 .. 189 0.211 0.243 0.267 0.303 

M=0.35 

Fmax 0.240 0.267 Oe323 0.442 0.546 1.087 1.230 ** 

FO.l 0.166 0.179 0.·206 0.246 0.279 0.333 0.368 0.423 

*See text for definitions of M, Fmax, and FO.1 

**Undefined (yield-per-recruit curve has no maximum value) 



Table 6. Estimates of Total Instantaneous Mortality Rates (Z) an~ Corresponding 
Estimates of Instantaneous Fishing Mortality (F) for Weakfish along 

the Atlantic Coast' (Modified from Merriner 1973 and Mercer 1983) 

Region 

Cape Cod, MA ~ 

Ocean City, MD 

New York 

N. New Jersey 

Wildwood, New Jersey 

Cape May, NJ 

Ocean City, MD -
Virginia Beach, VA 

Chesapeake Bay 

Exmore, Virginia 

Virginia Beach, VA -
Cape Fear, NC 

North Carolina' 

North Carolina 
(pound nets) 

North Carolina 
(otter trawls) 

z 

0.42 

0.66 

0.51 

0.52 

0.38 

0.93 

0.76 

0.66 

0.71 

1.14 

0.62 

0.76 (ages 2-5) 
0.97 (ages 3-5) 

0.65 

M"'0.25 

0.17 

0.41 

0.26 

0.27 

0.13 

0.68 

0.51 

0.41 

0.46 

0.89 

0.37 

0.51 
0.72 

0.40 

M"'0.35 

0.07 

0.31 

0.16 

0.17 

0.03 

0.58 

0.41 

0.31 

0.36 

0.79 

0.27 

0.41 
0.62 

0.30 

Source 

Shepherd (1982) 

Perlmutter et ale (1956) 

Nesbit (1954) 

Nesbit (1954) 

Shepherd (1982) 

Shepherd (1982) 

Nesbit (1954) 

Massman (1963) 

Nesbit (1954) 

Shepherd (19,82) 

Nesbit (1954) 

Me r r i ne r (1973) 

Merriner (1973) 
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Figure 6. Stratified mean number per tow of weakfish caught in 
the NEFC autumn inshore surveys, 1974-1982. 
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Appendix I. Reported commercial landings (t) of weakfish in Atlantic 
coastal states, 1930-1983. 0 = less thari 500 kg or none reported. 
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Figure 8. Isopleths of the percent maximum eggs per age 1 female 
recruit under varying fishing mortality and age at entry 
conditions, including associated values of Fmax and FO.l from the 
yield-per-recruit analysis. 



Appendix II. Average number of weakfish caught per tow in NEFC autumn 
inshore survey sampling strata*, Cape Cod to Cape Hatteras, 1974-1982. 

STRATUM 197'" 1975 1976 1977 1978 1979 1980 1981 1982 

1 .00 .50 11.00 .00 .00 13.00 .00 .00 .00 
2 .00 1.00 1.00 2.00 .00 .00 .00 10.50 .00 
:s .00 35.~ 5.00 .00 11.00 2.00 2.00 40.00 .00 
4 .~ .00 .00 .00 .00 1.00 .00 1.50 2.00 
:5 .00 .00 .50 .00 .00 .00 .00 .00 2.00 
6 .00 8.00 .00 45.00 .00 19.00 14.00 :50.00 .00 
7 3.00 .00 2.00 47.50 187.00 2.00 2.30 .00 1. 00 
8 .80 .00 .00 1.50 1.00 .00 .50 • (to .30 
<:; .00 30.50 1.00 246.00 564.00 .00 44.00 26.00 5.00 

10 451.00 .50 13.00 37.00 21.00 .00 8.50 1.00 .00 
11 .70 .30 .50 1.00 .OQ .30 .50 .00 .00 
12 .00 .00 22.00 24'5.00 .00 370.00 8.00 .00 .00 
13 70.00 6.00 4.00 .SO 2.00 75.Sp 11.00 30.00 .30 
14 .30 .30 .00 5.00 1.00 1.00 10.00 .00 .00 
15 .00 .00 .00 272.00 157.00 91.00 .00 .00 .00 
16 .00 1. 70 2.00 21.50 10.00 45.50 77.00 51.00 .50 
17 .70 .00 .50 .00 .00 14.50 8.50 .00 .00 
18 .00 1. 50 12.00 .00 73.00 24.00 121.00 42.00 .00 
19 .00 .00 7.00 6.00 32.00 2.50 .00 .00 7.67 
20 .00 .00 .00 .00 .00 .00 .00 .00 .00 
21 .00 10.50 11.00 .00 298.00 114.00 48.00 751.00 49.00 
22 .00 .00 16.50- .00 45.00 .50 49.00 1592.50 26.50 
23 .00 .50 3.50 .00 1.00 .00 .00 409.50 8.50 
24 .00 .50 217.00 1496.00 5096.00 1'5.00 1487.00 314.00 652.00 
25 210.70 57.50 5.50 52.00 70.00 231.00 6.50 1130.60 219.00 
26 .00 .00 .00 77.00 3.00 .50 204.50 86.50 10.50 
27 .00 63.50 96'5.00 1612.00 1234.00 571.00 226.00 .00 .00 
28 2227.30 ~.50 167.00 9.00 1047.00 385.50 .00 46.50 197.30 
29 .00 1.50 .00 .00 148.00 .00 .00 48.00 27..00 
30 .00 110.50 999.00 798.00 939.00 .00 .00 .00 .00 
31 59.30 111.70 .lr80.00 184.50 1156.00 973.00 187.00 19.00 105.70 
32 1. so 34.50 17.50 4.50 3.00 128.50 .00 70.00 20.00 
33 .00 149.~0 64~.00 3009.00 2409.00 375.00 70.00 13.00 .00 
34 .00 20.00 446.50 7.00 194.00 24.50 10.00 8.5() 37.30 
35 1.00- .00 1209.50 1.00 3.00 21.50 6.00 110.50 .00 
36 1164.50 332.00 187.00 1398.00 63.6.00 1917.00 .00 61.00 .00 
37 27.80 15.00 153.50 37.50 9.00 69.00 329.50 72.00 4.50 
38 7.50 4.00 57.00 .50 2.00 17.50 .00 .00 .00 
39 .00 305.00 570.00 58.00 194.00 234.00 54.00 100.00 .00 
4(> 1.50 85.50 136.00 72.SO 23.00 165.00 87.50 10.50 8.70 
41 2.30 2.50 23.00 .50 1.00 .00 .00 .50 2.00 
42 .00 234.00 32.00 81.00 ~340.00 144.00 133 • .00 1.00 .50 
43 2.30 234.00 60.50 2.00 308.00 5.50 3.50 .00 .00 
44 .00 36.00 '.00 6.50 5.50 .00 7.00 .00 .00 
45 .00 .50 .00 .50 .00 .00 .00 .00 .00 

OVERALL MEAN 122.46 36.74 118.59 133.09 263.34 139.88 58.33' 109.70 29.58 

*See Figure 5 for locations of strata. 
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