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A b s t r a c t . —The effect of different 
fishing mortality (F) and natural mor­
tality (M), and age at first capture (ic) 
on yield-per-recruit of Atlantic croaker, 
Micropogonias undulatus, in the lower 
Chesapeake Bay and North Carolina 
were evaluated with the Beverton-Holt 
model. Independent of the level of M  
(0.20-0.35) or F  (0.01-2.0) used in  
simulations, yield-per-recruit values for 
Chesapeake Bay were consistently  
higher at £c = 1 and decreased continu­
ously w ith increases in tc (2-5). Al­
though maximum yield-per-recruit al­
ways occurred a t the maximum level 
of F  (F=2.0), marginal increases in yield 
beyond F  = 0.50-0.75 were negligible. 
C u rre n ts  (FCUR) is estimated to be be­
low the level th a t produces maximum 
potential yield-per-recruit (FMAX ) and 
a t or below the level of F0 x if  M  > 0.25. 
Although modeling results indicated 
yield-per-recruit could be maximized by 
reducing the current level of tc (tc=2), 
the resultant gains were small and did 
not appear to justify such management 
measures. Instead, it is suggested tha t 
regulatory m easures be directed a t 
maintaining the current level of tc in 
the lower Chesapeake Bay. Simulation 
results for North Carolina showed a 
p a tte rn  opposite to th a t  shown for 
Chesapeake Bay, with yield-per-recruit 
curves increasing consistently with in­
creases in tc. Estimates ofF CUR for tc= 1 
were consistently higher than  F01 as 
well as Fmax, indicating tha t during the 
period 1979-81 Atlantic croaker were 
being growth-overfished in North Caro­
lina. However, differences between 
Chesapeake Bay and North Carolina 
seem to reflect temporal rather than 
spatial differences in  Atlantic croaker 
population dynamics, because data for 
North Carolina came from a period co­
inciding with the occurrence of unusu­
ally large Atlantic croaker along the 
east coast of the United States.
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The Atlantic croaker, Micropogonias 
undulatus (Linnaeus), is one of the 
most important commercial and rec­
reational fishery resources of the 
southeastern coast of the United  
States (Wilk, 1981; Schmied and 
Burgess, 1987; Mercer1 ). Along the 
Atlantic coast, commercial fisheries 
for Atlantic croaker are centered in 
Chesapeake Bay and in North Caro­
lina waters (Joseph, 1972; Roths­
child et al., 1981; Ross, 1988; Mer­
cer1); both inshore and offshore 
catches are distributed according to 
the seasonal migratory patterns of 
Atlantic croaker. From late spring 
to early fall Atlantic croaker are 
caught in estuarine areas, primarily 
by haul-seine, pound-net, and gill- 
net fisheries (Ross, 1988; Chitten­
den, 1991; Barbieri et al., 1994a). 
From late fall through winter, after 
adults have moved out of estuaries, 
they are caught in continental shelf 
waters by otter-trawl and gill-net 
fisheries (Wilk, 1981; Ross, 1988; 
Mercer1).

Commercial landings of Atlantic 
croaker have fluctuated widely over

the past 50-60 years (Joseph, 1972; 
Rothschild et al., 1981; Wilk, 1981). 
Landings exceeded 20,000 metric 
tons (t) between 1937 and 1940, 
peaked at ca. 29,000 t in 1945 and 
dropped to less than 1,0001 between 
1967 and 1971 (Wilk, 1981; McHugh 
and Conover, 1986). The most re­
cent peak in landings occurred in  
1977 and 1978 at just over 13,000 t 
annually (Mercer1). Recreational 
catches in the m id-Atlantic and 
South Atlantic regions dining 1979- 
93 have also fluctuated, although 
they do not reflect fluctuations in 
commercial landings for the same 
period. Commercial landings from 
Virginia and North Carolina—the
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two states with 98% of the Atlantic catch—have de­
clined since 1987, whereas recreational catches peaked 
in 1991 with an estimated 21 million fish (Newlin, 
1992; Speir et al., 1994).

A lack of accurate catch and effort data from both 
the commercial and recreational fisheries makes it 
difficult to evaluate to what extent these long-term 
fluctuations represent natural changes in population 
abundance or reflect historic changes in Atlantic 
croaker exploitation. There has been a growing con­
cern, however, that recent low landings may be re­
lated to the large numbers of young fish killed as 
bycatch in the southern shrimp fishery and as part 
of the scrap catch in pound-net, haul-seine, and trawl 
fisheries (Speir et al., 1994; Mercer1). In response to 
these concerns, the 1993 review of the Atlantic States 
Marine Fisheries Commission Fishery Management 
Plan for Atlantic croaker (Speir et al., 1994) has rec­
ommended the use of bycatch reduction devices and 
the establishment of a coast-wide minimum size limit 
that would maximize Atlantic croaker yield-per- 
recruit.

Yield-per-recruit models, widely used in fish popu­
lation dynamics studies (Beverton and Holt, 1957; 
Ricker, 1975; Gulland, 1983), can be a useful tool in 
defining routine fisheries management measures 
such as minimum size limits, closed seasons, etc. 
(Gulland, 1983; Deriso, 1987). However, the only 
published application of yield-per-recruit models to 
Atlantic croaker is based on data from the northwest­
ern Gulf of Mexico (Chittenden, 1977) and points out 
that results may or may not apply to other areas. In 
this paper we use stock assessment data from the 
Chesapeake Bay (years 1988-91; Barbieri et al., 
1994a) and from North Carolina (years 1979-81; 
Ross, 1988) to evaluate the effect of different fishing 
(-induced) and natural mortality, and age-at-first- 
capture schedules on Atlantic croaker yield-per-re­
cruit. Implications of this analysis for management 
of Atlantic croaker are discussed.

Methods

Yield-per-recruit analysis

Yield-per-recruit curves were calculated with the 
Beverton-Holt yield-per-recruit model (Beverton and 
Holt, 1957):

Y /R  = Fe~m ^ tr) JP
3 j j  e ~ n K (tc- t 0)

71=0
F + M  + nK (1)

where Y /R  = yield-per-recruit in weight (g);

F = instantaneous fishing mortality coefficient;
M  = instantaneous natural mortality coefficient;

= asymptotic weight (von Bertalanfiy growth 
parameter);

Un = summation parameter (UQ=1, Z71=-3, U2=3, 
U3= -  D;

tc = mean age at first capture;
tr = mean age (years) at recruitment to the fish­

ing area;
t0 = hypothetical age at which fish would have 

been zero length (von Bertalanfiy growth pa­
rameter); and

K  = the Brody growth coefficient (von Berta- 
lanffy growth parameter).

Computations were performed with the computer 
program B-H3 available in the Basic Fisheries Sci­
ence Programs package (Saila et al., 1988).

Parameter values used in simulations are summa­
rized in Table 1. Estimates of growth parameters (W ,̂ 
K f  and tQ) for Chesapeake Bay and North Carolina 
were obtained from Barbieri et al. (1994a) and Ross 
(1988), respectively. For both areas, W^was converted 
from by using an allometric length-weight rela­
tion (6=3.23; Ross, 1988; and 6=3.30; Barbieri et al, 
1994a). One of the assumptions of the Beverton-Holt 
yield-per-recruit model is that growth is isometric— 
i.e. the coefficient 6 in the length-weight relation is 
equal to 3 (Beverton and Holt, 1957; Ricker, 1975). 
We, however, considered that departure from the as­
sumption of isometric growth did not affect interpre­
tation of our modeling results because the factor of 
interest in these simulations is the relative differ­
ence in yield resulting from varying tr and F at dif­
ferent levels of M. The relative error in such differ­
ences, when using an incorrect b, tends to be much 
less than that in absolute levels (Ricker, 1975).

Estimates of tr, the mean age at recruitment to the 
fishing area, were based on Atlantic croaker life his­
tory information (Chao and Musick, 1977; Ross, 
1988). Estimates of current tc, the mean age at first 
capture, was based on Atlantic croaker age composi­
tions reported for the pound-net, haul-seine, and 
gill-net catches in the lower Chesapeake Bay for the 
period 1988-91 (tc=age 2; Barbieri et al., 1994a) and 
from age compositions reported for the haul-seine 
fishery in North Carolina for the period 1979-81  
(tc=age 1; Ross, 1988). Because of the uncertainty 
associated with estimates of M  in fish populations 
(Vetter, 1988), simulations for both areas were con­
ducted over a range of M  values (0.20-0.35; Table 1).

The instantaneous total annual mortality rate, Z, 
for fully recruited Atlantic croaker in North Caro­
lina is 1.3 (Ross, 1988) and ranges from 0.55 to 0.63, 
with a mean value of 0.59 for the lower Chesapeake
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Table I
Param eter estimates or range of values used in yield-per- 
recruit simulations for Atlantic croaker, Micropogonias 
undulatus, in the lower Chesapeake Bay (period 1988-91) 
and North Carolina (period 1979-81). See Equation 1 for 
definitions of param eter variables.

Param eter Chesapeake Bay North Carolina

K 0.36 0.20
409.9 g 3,814 g

*0 -3.26 yr -0.60 yr
0 yr 0 yr

h 1-5 yr 1-5 yr
F 0.01-2.0 0.01-2.0
M 0.20-0.35 0.20-0.35

Bay (Barbieri et al., 1994a). To estimate current lev­
els of fishing mortality (FCUR) for different values of 
M, we used Z = 0.60 for Chesapeake Bay and Z = 1.3 
for North Carolina, as

FCUR = Z - Mi ,  (2)

where i = 0.20, 0.25, 0.30, and 0.35.

The value of F01 (the level of F for which the mar­
ginal increase in yield-per-recruit due to a small in­
crease in F  is 10% of the marginal yield-per-recruit 
in a lightly-exploited fishery [Gulland and Boerema, 
1973; Anthony2 ]), was estimated for Chesapeake Bay 
with F  = 0.01 and tc = 2 (Barbieri et al., 1994a) and for 
North Carolina with F  = 0.01 and tc = 1 (Ross, 1988).

C ohort b iom ass a n d  h a rv es tin g  tim e

In general, the maximum possible yield for a given 
year class occurs at the critical age tCRITIC, the age 
where biomass of a cohort is maximum in the ab­
sence of fishing. For comparison with the Beverton- 
Holt yield-per-recruit modeling results, we estimated 
tcritic f°r Atlantic croaker following Alverson and 
Carney (1975) and Deriso (1987) as

tCRITIC = h  + — In (3 K  /M  + 1), (3)

where t0, K, and M  are defined as in Equation 1. 
Parameter estimates or the range of values used in 
calculations are listed in Table 1.

2 Anthony, V. 1982. The calculation of F„ x: a  plea for standard­
ization. Northwest Atlantic Fisheries Organization, SCR Doc. 
82/VI/64 Ser. No. N557, 15 p. NAFO, PO Box 638, Dartmouth, 
Nova Scotia, Canada B2Y 3Y9.

To evaluate the proportion of the potential growth 
span (P ) remaining when Atlantic croaker enter the 
exploited phase of life (Beverton and Holt, 1957), we 
used the quantity (Beverton, 1963):

Pg = ( l ~ l c I LJ,  (4)

where Lm, the asymptotic length, was obtained from 
Barbieri et al. (1994a) and Ross (1988) and lc, the 
average length at first capture, was obtained by con­
verting t to length with the von Bertalanfiy growth 
curve reported for Atlantic croaker in Chesapeake Bay 
(Barbieri et al., 1994a) and North Carolina (Ross, 1988). 
Both parameters are based on total length (TL) in mm.

Results

C h esap eak e  Bay

Curves of yield-per-recruit on F  (Fig. 1) showed that 
the yield of Atlantic croaker in Chesapeake Bay could 
be maximized by decreasing the current level of tc = 2 
(265 mm TL) to tc = 1 (245 mm TL). Independent of 
the level of M or F  used in simulations, yield-per- 
recruit values were consistently higher at tc = 1 and 
decreased continuously with increasing tc. However, 
increases in yield from tc = 2 to tc = 1 were generally 
small and gradually increased with increases in M. 
For example, at the estimated current levels of fish­
ing mortality for Atlantic croaker in the Chesapeake 
Bay (Fcur), increases in yield between tc = 2 and tc = 1 
would be 7.1% at M  = 2.0, 12.6% at M  = 0.25, 18.4% 
at M = 0.30, and 24.6% at M  = 0.35.

The curves of yield-per-recruit for Atlantic croaker 
on F  for different levels of M  and tc showed no clearly 
defined peaks. Although the magnitude of yield  
curves was dependent on the level of M  used in simu­
lations, relative changes in yield as a function of F  
and tc were very similar, regardless of M  (Fig. 1). For 
all levels of M  and tc, yield curves increased rapidly 
in the range of F  between 0 and 0.50-0.75, and re­
mained relatively flat thereafter. Although yield val­
ues increased continuously with F, i.e. maximum  
yield-per-recruit always occurred at the maximum  
value of F  used in simulations (F=2.0), increases in 
yield beyond F  = 0.50-0.75 were very small. For ex­
ample, increases in yield from F = 0.75 to F ^ ^  ranged 
from 5.3% to 22.7%, depending on the level of M and 
tc used in the model (Table 2). However, this rela­
tively small gain in yield corresponds to an increase 
in F  of 166.7%.

For the range of M  used in our study, estimates of 
F CUR are below the levels that give maximum poten­
tial yield-per-recruit (FMAX) and, for M  > 0.3, below
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Figure 1
Curves of yield-per-recruit on fishing mortality (F) for Atlantic croaker, Micropogonias 
undulatus, in the lower Chesapeake Bay (period 1988-91) estimated for mean age-at-first- 
capture (£c) = 1-5 and natural mortality (M) = 0.20-0.35.

Table 2
Percent increase in  yield-per-recruit of Atlantic croaker, Micropogonias undulatus, from fishing mortality (F) = 
mortality at the level th a t gives maximum potential yield-per-recruit (F for mean age-at-first-capture (ic) = 1 
mortality (M) = 0.20-0.35 for Chesapeake Bay.

0.75 to fishing 
-5 and natural

M h

Yield-per-recruit (g)

increase M tc

Yield-per-recruit (g)

% increaseF  = 0.75 f max % F  = 0.75 f max

0.20 1 160.4 168.9 5.3 0.30 1 129.2 142.5 10.3
2 153.9 165.1 7.3 2 112.8 128.9 14.3
3 140.3 154.1 9.8 3 93.4 109.0 16.7
4 123.5 137.8 11.6 4 74.6 88.2 18.2
5 106.3 119.8 12.7 5 58.2 69.4 19.2

0.25 1 143.7 153.5 6.8 0.35 1 116.5 132.4 13.6
2 131.6 145.8 10.8 2 97.0 114.0 17.5
3 114.3 129.5 13.3 3 76.5 91.7 19.9
4 95.8 110.3 15.1 4 58.1 70.7 21.7
5 78.5 91.2 16.2 5 43.1 52.9 22.7
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Figure 2
Curves of yield-per-recruit on fishing mortality (F) for Atlantic croaker, Micropogonias 
undulatus, in the lower Chesapeake Bay (period 1988-j91) estimated for mean age-at- 
first-capture (tc) = 2 and natural mortality (M ) = 0.20-0.35. F0J = the level of F  a t which 
the marginal increase in  yield-per-recruit due to a small increase in  F  is 10% of the 
marginal yield-per-recruit in a lightly exploited fishery; FCUR = the estimated current 
levels of fishing mortality.

the level of F0 x (Fig. 2; Table 3). For M  = 0.20, FCUR 
is higher than F01; indicating that, although it pro­
duces slightly higher yield values, current fishing 
mortality is not at its most economically efficient 
level. For example, for tc = 1 and tc = 2, over 90% of 
the yield obtained at FCUR can be achieved by lower­
ing fishing mortality to the level ofF0 r  For M  = 0.25, 
bothFctæ andF01 equal 0.35, indicating that, although 
below the maximum potential yield-per-recruit, esti­
mated current levels of harvest probably correspond to 
the most efficient level of F. In contrast, if  M  ranges 
from 0.30 to 0.35, FQ1 is higher than Fcm  (Table 3), 
suggesting there would still be room to increase yield 
efficiently with increases in i ’. However, at these higher 
levels of M, increases in F necessary to achieve the 
yields at F01 may be unrealistically high (Table 3).

Values of tCRITIC estimated with different values 
of M  were relatively low for Atlantic croaker in Chesa­
peake Bay. For M  equal to 0.20, 0.25, 0.30, and 0.35, 
values of tCRITIC were 1.9, 1.4,1.0, and 0.6 years, re­
spectively. These values indicate that, for the range 
of M  considered herein, maximum theoretical cohort 
biomass in the absence of fishing would be achieved 
before Atlantic croaker reach age 2 (years).

Table 3
Estimated value of current levels of fishing mortality (FCUR) 
and level of fishing mortality at which the marginal in­
crease in yield-per-recruit due to a small increase in F  is 
10% of the marginal yield-per-recruit in a lightly exploited 
fishery (Fg for Atlantic croaker, Micropogonias undulatus, 
in the Chesapeake Bay region for a range of fishing mor­
tality (M) = 0.20-0.35, and the percent increase or decrease 
in Fcur necessary to make it equal to F 01.

M  Fcur F01 % Difference

0.20 0.40 0.27 -48
0.25 0.35 0.35 0
0.30 0.30 0.45 +50
0.35 0.25 0.64 +156

Estim ated values of Pg for Atlantic croaker in 
Chesapeake Bay were also relatively low. For = 
312 mm, and the current estimated level of lc (265 mm, 
corresponding to t =  2), P  = 0.15, i.e., on the aver­
age, only 15% of their potential growth still remains 
when Atlantic croaker in Chesapeake Bay enter the 
exploited phase at age 2. For alternative values of tc
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equal to 1, 3, 4 and 5 years, values of Pg are 0.21, 
0.10, 0.07, and 0.05, respectively.

N orth  C arolina

Curves of yield-per-recruit on F  for Atlantic croaker 
in North Carolina (Fig. 3) showed an opposite trend 
from that shown in Chesapeake Bay. For all levels of 
F  or M  used in simulations, yield values continuously 
increased from tc = 1 (177 mm TL) to tc = 5 (434 mm 
TL), indicating that yield could be maximized by in­
creasing tc. However, the shape of yield-per-recruit 
curves differed among different levels of M  and tc 
(Fig. 3). For M  = 0.20 and 0.25, curves for tc = 1-3  
peaked at low to intermediate levels of F (Fmax = 
0.20—0.60) and gradually decreased after that, 
whereas for tc = 4-5  they increased rapidly in the 
range of F  between 0 and 0.35-0.60 and remained

relatively flat thereafter. For M  = 0 .30-0.35, the 
peaks in yield at low to intermediate levels of F  oc­
curred only for tc = 1-2 and were a lot less pronounced 
than those at lower levels of M.

For the range of M  used in our simulations, esti­
mates of Fcur (Fig. 4) indicated that during the pe­
riod 1979-81 the level of fishing mortality for Atlan­
tic croaker in North Carolina was well above the lev­
els of F0 x and FMAX. At tc = 1, estimated losses in  
potential yield-per-recruit from FMAX to Fcm  were 
equal to 45%, 35%, 25%, and 4% for M  = 0.20, 0.25, 
0.30, and 0.35, respectively. Estimated losses if  fish­
ing mortality were kept at the level of F01 would be 
44%, 22%, 20%, and 14%, respectively.

Estimated values of tCRITIC and P  for Atlantic 
croaker in North Carolina were much higher than 
those estimated for Chesapeake Bay. For M  equal to 
0.20, 0.25, 0.30, and 0.35, values of tCRITIC were 7.5,
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Figure 3
Curves of yield-per-recruit on fishing mortality (F) for Atlantic croaker, Micropogonias 
undulatus, in North Carolina (period 1979-81) estimated for mean age-at-first-capture (tc) 
= 1-5 and natural mortality (M) = 0.20-0.35.
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tl.7,6.1, and 5 .6years, respectively. For = 645 mm 
and the estimated level of lc for the period 1979-81 
(177 mm, corresponding to tc=1), P' = 0.72, i.e., on 
th e  average, 72% of their potential growth still 
remained when Atlantic croaker in North Carolina 
entered the exploited phase at age 1 during the 
period 1979-81. For alternative values of tc = 2-5  
years, values of Pg were 0.59, 0.49, 0.39, and 0.33, 
respectively.

Discussion

Our modeling results indicate that, for the range of 
M  and F  used in simulations, yield-per-recruit of 
Atlantic croaker in the lower Chesapeake Bay could 
be maximized by a management strategy that incor­
porates early age at first capture (£c= l) and high rates 
of fishing mortality (F=2.0). However, the analysis 
for Chesapeake Bay also showed this is probably not 
the most efficient management option for this spe­
cies. Because of the essentially asymptotic relation 
between yield-per-recruit and F, harvesting Atlantic 
croaker at or near their maximum potential yield (i.e.

at Fmax ) would require a disproportionate increase 
in fishing mortality making it an economically inef­
ficient management option. In addition, given the 
multispecies nature of the main fisheries for Atlan­
tic croaker in Chesapeake Bay (Austin, 1987; Chit­
tenden, 1991), raising current levels of F  would 
greatly increase overall rates of exploitation and 
probably interfere with management of other spe­
cies such as weakfish, Cynoscion regalis, and spot, 
Leiostomus xanthurus.

Decreasing the current level of tc for Atlantic 
croaker in Chesapeake Bay would not be recom­
mended for two reasons. First, for the range of M  
used in simulations, gains in yield-per-recruit from 
t = 2 to tc = 1 were relatively small at FCUR. Second, 
because of the magnitude of the scrap catch of At­
lantic croaker in Chesapeake Bay (Mercer1), it is  
likely that this species is already entering the ex­
ploited phase at age 1 or younger. The current esti­
mate of tc { t=  2; Barbieri et al., 1994a) may be an 
overestimate because it was based on arbitrarily 
defined commercial market grades instead of over­
all catches—including the scrap. Because the mar­
ket accepts only fish above a certain size, a reduc­

tion in mesh sizes to attempt 
to increase the proportion of 
age-1 Atlantic croaker in the 
catches would probably only 
increase the number of fish 
sold as scrap and have little 
or no effect on commercial 
market grades.

Nevertheless, the analysis 
showed no indication that  
fully recruited Atlantic croaker 
in Chesapeake Bay are being 
growth-overfished (i.e. that 
the fish were being caught 
before they had a chance to 
grow to th eir  ideal size). 
Yield-per-recruit m odeling  
results and estimated values 
of Fctjr indicated that, over 
a likely range of M, current 
levels of harvest are below  
the levels at FMAX and, under 
most scenarios, at or below the 
levels atF0 r  In addition, yield- 
per-recruit curves showed no 
signs of decrease at higher lev­
els of F, even if  M is as low as 
0.20. This pattern suggests 
that stocks of Atlantic croaker 
in the Chesapeake Bay region 
show the same great biologi-
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Figure 4
Curves of yield-per-recruit on fishing mortality CF) for Atlantic croaker, Micropogonias 
undulatus, in  North Carolina (period 1979-81) estimated for mean age-at-first-capture 
(£c) = 1 and natural m ortality (M) = 0.20-0.35. Fal = the level of F  a t which the marginal 
increase in yield-per-recruit due to a small increase in F  is 10% of the marginal yield- 
per-recruit in  a lightly exploited fishery; FCUR = the estimated current levels of fishing 
mortality.
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cal capacity to resist growth overfishing as those 
stocks in the northwestern Gulf of Mexico (Chit­
tenden, 1977). The low values of tCRITIC and Pg agree 
with yield-per-recruit modeling results and indicate 
that 1) for a reported maximum longevity of 8 years 
in Chesapeake Bay (Barbieri et al., 1994a), maximum 
theoretical biomass is achieved very early in life, 
before fish reach age 2; and 2) very little potential 
for a growth span still remains when fish enter the 
exploited phase at age 2. As a precaution against 
future problems—especially considering that annual 
recruitment is reported to be highly variable and 
strongly density independent—we suggest that regu­
latory measures for Atlantic croaker in the lower 
Chesapeake Bay be directed at maintaining the ap­
parent current level of tc (age 2; 1 =265 mm TL; 
Barbieri et al., 1994a). In addition, the magnitude 
and composition of the scrap catch for the main fish­
eries in this area need to be estimated, and their ef­
fect on estimates of FCUR and tc need to be assessed 
more precisely before any definite conclusion on At­
lantic croaker yield-per-recruit can be reached.

In contrast to what we found for the lower Chesa­
peake Bay, results for North Carolina indicated that 
Atlantic croaker were being severely growth-over- 
fished. First, independent of the level of F  or M used 
in simulations, yield-per-recruit values were consis­
tently higher at higher levels of tc, indicating that 
age and size limits during the period 1979-81 (tc=1, 
lc=177 mm TL; Ross, 1988) were unrealistically low. 
Second, estimates of FCUR for tc = 1 were not just con­
sistently higher than FQ x but were also well above FMAX- 
The pattern of declining yield-per-recruit values with 
increasing F  at lower levels of tc agrees well with the 
high estimates of tCRITJC andPg and indicates that, con­
trary to the pattern shown in Chesapeake Bay, maxi­
mum cohort biomass is attained later in life (ages 5-7).

However, differences in yield-per-recruit modeling 
results between Chesapeake Bay and North Caro­
lina seem to reflect temporal rather than spatial dif­
ferences in Atlantic croaker population dynamics. 
Parameters used in simulations for North Carolina 
were obtained from a study (Ross, 1988) conducted 
during a period (1979-81) that coincides with the 
occurrence of unusually large Atlantic croaker (350- 
520 mm TL; Ross, 1988) along the east coast of the 
United States (Barbieri et al., 1994a). However, since 
1982, Atlantic croaker catches in North Carolina have 
been dominated by smaller fish. Modal lengths of 
Atlantic croaker in the long haul-seine fishery dur­
ing 1982-92 ranged from 215 to 245 mm TL; in the 
winter trawl fishery, they ranged from 215 to 240 
mm TL. In both fisheries, less than 10% of the fish 
were older than age 3 (Wilson, 1993). Therefore, 
yield-per-recruit modeling results presented here for

North Carolina should not reflect current conditions, 
but rather be considered representative of temporal 
changes in Atlantic croaker population dynamics.

The specific value of M  used in our simulations 
had no effect on the levels of F  or tc that produce 
maximum yield-per-recruit values and would not 
change conclusions for either Chesapeake Bay or North 
Carolina. However, these conclusions are still critically 
dependent on how realistic is the range of M  used in 
these simulations. Methods currently used to estimate 
M  have strong limitations and disadvantages (Vetter, 
1988), and the method used here is no exception. How­
ever, we feei comfortable with the range of M  used in 
this study because it agrees with values of M  reported 
for other sciaenids with similar life spans, e.g. spotted 
seatrout, Cynoscion nebulosus (Rutherford et al., 1989).

Yield-per-recruit analysis is only part of a fishery 
m anagement strategy (Beverton and Holt, 1957; 
Gulland, 1983; Deriso, 1987). It must be applied in 
conjunction with eggs-per-recruit (Prager et aL, 1987) 
and spawning stock biomass per recruit models 
(Gabriel et al., 1989; Goodyear, 1993; Schirripa and 
Goodyear, 1994) to allow managers to examine the 
effects of different policies on both reproduction (i.e. 
egg production) and biomass yield. The pattern of 
early maturation, multiple spawning, long spawn­
ing season, and indeterminate fecundity in Atlantic 
croaker (Barbieri et al., 1994b) suggest that repro­
duction would be compromised only at extremely high 
levels of fishing. However, eggs-per-recruit and 
spawning stock biomass models must be applied be­
fore this issue can be properly evaluated.
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