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ABSTRACT

Yield per recruit models for red porgy, Pagrus pagrus; vermilion snapper, Rhomboplites aurorubens; white
grunt, Haemulon plumieri; red snapper, Lutjanus campechanus; black sea bass, Centropristis striata; gag,
Mycteroperca microlepis; scamp, M. phenax; snowy grouper, Epinephelus niveatus; and speckled hind, E.
drummondhayi, the most important species to both recreational and commercial fishing off North Carolina
and South Carolina, are strikingly similar, and suggest that there is a single strategy for managing reef fishes
in the South Atlantic Bight. For all species, yield per recruit at median recruitment ages increased rapidly in
response to increasing F' (instantaneous fishing mortality rate) until F = 0.3-0.4. Thereafter, only small
increases in yield resulted from large increases in F. Major gains in yield at all but very small values of F (F <
0.15), resulted if recruitment to the fishery was delayed to age 3 or older. The value of M (instantaneous
natural mortality rate) affected the magnitude of yield/recruit but had little effect on the shape of the re-
sponse surfaces.

The annual total recreational and commercial catches of reef fishes provides a preliminary estimate of max-
imum sustainable yield if the following assumptions are accepted: 1) F' = 0.3, 2) recruitment ages approx-
imate those required to produce maximum yield per recruit, and 3) recruitment is sufficient to saturate the
available habitat. Preliminary estimates of the relative fishing power (per day) of different components of the

fishery are headboats, 1.0; commercial handline boats, 1.3-1.5; and reef trawlers, 3.8-5.2.

In this paper we examine the implications of yield per

recruit models to management of the reef fishery in

the South Atlantic Bight. We examined models for
eachof the several important species in this fishery to
determine if there was a single pattern of yield re-
sponse that, in turn, would allow development of a
coherent management philosophy.

The Fishery

Warm Gulf Stream-influenced water and irregular
rocky substrates allow occupancy of the outer con-
tinental shelf of the U.S. South Atlantic Bight (Cape
Hatteras to Cape Canaveral) by a community of
primarily Caribbean, deep reef fishes. Principal
species include groupers (Mycteroperca and Epi-
nephelus), snappers (Lutjanus and Rhomboplites),
porgies (Calamus and Pagrus), and grunts (Hae-
mulon) (Huntsman 1976a). The black sea bass, Cen-
tropristis striata, is abundant at more temperate reefs
nearer shore.

Reef fishes support both recreational and commer-
cial fisheries in the area. About 40 headboats, about
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260 charter boats (usually six passengers or fewer),
and numerous private boats operate in the rec-
reational fishery. The last two groups exert a greater
fraction of the fishery effort in Georgia and Florida
than in the Carolinas. The commercial fishery has
two main segments—handline vessels and trawlers.
Traps are also used occasionally, especially for black
sea bass. Handline fishing is with hook and line re-
trieved by hydraulic or electric reel. Trawling is
relatively new in the area and had little acceptance
until Sea Grant programs in South Carolina and
Georgia introduced the “high-rise” trawl in 1975
(Ulrich et al. 1977). When used by knowledgeable
snapper fishermen skilled in fathometer reading, the
high-rise trawl can be exceptionally effective in tak-
ing reef fish.

The magnitude of the recreational catch is only partly
known. Headboats landed about 773 t annually from
1972 through 1974 at North Carolina and South Car-
olina ports (Huntsman 1976a), and the catch for the
entire bight averaged 972 t from 1976 through 1980.
Catches by charter and private boats are unknown,
except for an estimate by Manooch et al, (1981) of the
1978 charter boat catch in North Carolina (about
91 1),

*Unpublished data, Southeast Fisheries Center Beaufort Labora-

tory, National Marine Fisheries Service, NOAA, Beaufort, NC
28516-9722.
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The offshore commercial catch cannot be ac-
curately calculated from commercial fishery statis-
tics. In the Carolinas in 1973 and 1974 the headboat
catch of snappers and groupers appeared to be 3 or 5
times greater (depending on the inclusion of ver-
milion snapper) than the commercial catch {Hunts-
man 1976b). Beginning in 1975 the commercial
landings in the Carolinas increased greatly and were
836 t of snappers and groupers in 1980. Commercial
snapper-grouper landings for the entire bight were
1,308 t for 1980.¢

Both commercial and recreational fishermen prefer
groupers and any of three species known in the trade
as red snapper—Lutjanus campechanus, L. vivanus,
and L. buccanella. Recreational fishermen and
trawlers usually take whatever species is most avail-
able, but commercial handline fishermen often leave
white grunts or red porgies and seek red snappers
and groupers. Since 1976, however, commercial hand-
line fishermen have responded to an improved mar-
ket for small species by being less selective.

Potential Management Problems

Public Law94-265 requires that fisheries within the
United States extended jurisdiction zone (the area
between 3 and 200 mi seaward of the U.S. coast) be
managed so that an optimum yield is attained.
Optimum yield is an allocation of the yearly harvest
to recreational, commercial, and nonexploitive users
that is usually equal to, or less than, the maximum
sustainable yield (MSY). Minor conflicts and
polarized viewpoints have arisen between the
various users, primarily because of differing goals
and differing methods of fishing. At present there is
no objective way of allocating the catch among the
various groups, because there is an insufficient
understanding of stock productivity. Institutional
provisions for the allocation of the catch exist, but the
understanding of stock productivity necessary for
the allocation is lacking.

Insight into stock productivity may be achieved
through mathematical models. But neither the
dynamic pool (Beverton and Holt 1957) nor the
surplus-yield (Schaefer 1957) population models is
presently useful to us because both require data that
do not exist. The dynamic pool model requires
parameter estimates (such as the relationship of
stock size to recruitment) that are unavailable for the
stocks involved and the surplus vield model requires

*Unpublished data, Southeast Fisheries Center Miami Laboratory,
National Marine Fisheries Service, NOAA, Miami, FL 33149-
1099.
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a fairly long series of annual catch and effort
measurements.

Despite initiation of fishery censuses in 1880, there
is a lack of interpretable records of annual commer-
cial catches for the South Atlantic snapper-grouper
fishery. Serious problems in the data series include,
among others:

1) Missing or faulty species distinctions. At least
10 species of grouper are listed only as grouper,
and porgies include both inshore estuarine-
dependent and oceanic reef species. The red
snapper listing includes at least three species
of Lutjanus and, depending on the year, may or
may not include vermilion snapper, Rhom-
boplites aurorubens.

2) Missing records, often covering decades, inthe
series of records begun in 1880.

3) Catches reported by area of landing instead of
by area of fishing (e.g., snappers landed on
Florida's east coast may have come from North
Carolina or the Bahamas).

4) No useful or reliable effort data.

Matching catch and effort data available for the
headboat fishery from 1972 to 1980 in North Caroli-
na and South Carolina (Huntsman 19764, b; footnote
3) and from 1976 to 1980 in Georgia and North Flo-
rida, (footnote 3) are nearly useless for yield-model
construction without concurrent commercial data.

Enough information is available to develop an
abbreviated version of the full dynamic pool model—
the yield per recruit model(Beverton and Holt 1957).
The yield per recruit model, which can be used for
partial analysis, is especially useful if one must pre-
pare management schemes from incomplete infor-
mation. An advantage of the yield per recruit modelis
that it has minimal requirements of parameter
estimates but allows easy evaluation of the response
of yield to changes in fishing mortality and recruit-
ment age. Even if the exact relationship between
effort and fishing mortality is unknown, one can
derive general information on which to base manage-
ment regulations.

The yield per recruit model predicts the ratio of the
weight or numbers of fish caught during the life span
of a cohort to the initial number of individuals of the
cohort that eriter the fishing grounds. It expresses
these yields as a surface responding to the indepen-
dent variables F (instantaneous fishing mortality
rate) and ¢, (age at recruitment to the gear). The
growth rate, natural mortality rate, and longevity of
the species are the principal parameters influencing
the shape of the surface.
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Yield per recruit models may be especially appro-
priate to the snapper-grouper fishery, because carry-
ing capacity and growth, rather than recruitment, are
apparently the principal limiting factors (Ehrlich
1975). Since reef habitat occupies a relatively small
proportion of the outer continental shelf (Parker and
Colby in press), recruitment is probably always suffi-
cient to replace losses from fishing mortality and
natural mortality. New reefs, such as wrecks and
artificial fishing reefs, are almost immediately
colonized (Anonymous 1971; Stone et al. 1979;
Stone?).

MATERIALS AND METHODS
Species Studied

Species were selected on the basis of their impor-
tance to the recreational and commercial catch and,
to alesser extent, on the amount and quality of infor-
mation available. Huntsman's (19764, b) and Hunts-
man and Dixon’s (1976) descriptions of the headboat
fishery, and Ulrich et al’s (1977) description of the
handline and traw! fisheries suggested the in-
clusion of:

1) red porgy, Pagrus pagrus;

2) vermilion snapper, Rhomboplites auroru-
bens;

3) white grunt, Haemulon plumieri;

4) red snapper, Lutjanus campechanus;

5) black sea bass, Centropristis striata;

6) Epinephelus groupers (the important species

are the speckled hind, E. drummondhayi, and

snowy grouper E. niveatus);

7) Mycteroperca groupers (gag, M. microlepis,
and scamp, M. phenax, are the most impor-
tant species).

Estimates of Growth and
Mortality Parameters

In general, reliable estimates of growth parameters
are available (Table 1) from both published and
unpublished sources. Reliable estimates of M
(instantaneous natural mortality rate) are not avail-
able. Determining M is a difficult but common prob-
lem solved by many authors by assuming single (Low
1981) or multiple (Houde 1977a, b; Chittenden
1977; Breiwick et al. 1980; Lenarz et al. 1974) values.
M can be reasonably estimated by computed

*R. B. Stone, Office of Fisheries Management, National Marine
Fisheries Service, NOAA, Washington, DC 20235, pers. commun.
1975,

estimates of Z (instantaneous total mortality rate),
which provide maximum estimates of M, and by the
relationship of growth parameters to M, described
generally by Beverton and Holt (1959) and more
specifically by Pauly (1980-81).

For most species we provided two or more
estimates (Table 1), one of which was, or was very
close to, the Pauly estimate. For three groupers
(scamp, snowy grouper, and speckled hind), we used
only the Pauly estimate because the other analyses
indicated that changing M had little effect on the pat-
tern of yield response.

Yield Per Recruit Computations

Computer program BMO007, which requires a
relatively small amount of memory, is written in
FORTRAN and can be used on most computer sys-
tems for calculating yields per recruit. The program
output is tabular and must be transposed by hand to
graph paper if isometric yield lines are to be drawn.

— p—ZA 3e~hr — TR
Y/R = FW. (l ¢ _ BeThr(l — et )
Z Z+K

3e —2Kr (1 —_ e—-(Z+2K))\) _ e—SKr(l — e-—(z+slm))

Z + 2K Z+ 3K

and ¢, = age at recruitment to the gear

¢, = theoretical age at length “0”

t,' = maximum age in fishery

F = instantaneous rate of fishing mor-
tality

M = instantaneous rate of natural mor-
tality

VA = instantaneous rate of total mortal-
ity M+ F

L. = asymptotic length of a fish

W. = asymptotic weight of a fish

K = growth coefficient from von Berta-
lanffy growth equation for length

r =t —t, theoretical age of cohort en-

* tering fishery

A = t, —t, amount of time cohort is in

fishery
= yield in weight
R = number of recruits at ¢,
Y/R = yield per recruit.

SWritten by John E. Hollingsworth, Southeast Fisheries Center

Beaufort Laboratory, NMFS, NOAA, Beaufort, NC 28516-9722
and Larry L. Massey, Southeast Fisheries Center, NMFS, NOAA,
Virginia Key, Miami, FL 33144-1099,
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TABLE 1.—Parameter estimates for yield per recruit models.

von Bertatanffy

parameters
X Lo to & 0
Species K (mm) iy Source 8 b Source M Source %] Source tvd Source

Red porgy. 0.096 763 ~1.88 Manooch and 2.524% 1078 2.8939 Manooch and 0.35 Catch curves 1 Manooch and 13 Manooch and

Pagrus pagrus Huntsman 1977 Huntsman 1977 {Manooch and Huntsman 1977 Huntsman 1977
Huntsman 1977)
0.20 Relationship to K

Vermition snapper. 0.198 627 0.13  Grimes 1978 1,722 X 1078 2,9456 Grimes 1978 0.25 Relationship to X 1 Grimes 1978 10 Grimes 1978
Rhomboplites 0.40 For sensitivity
aurorubens analysis

0.50 Catch curve
minimum

White grunt, 0.108 640 ~1.01  Manooch 1977 1,452 % 1078 3.0214 Manooch 1977 0.57 Catch curves 2 Manooch 1977 13 Manooch 1977
Haemulon 0.30 Choice of lower
aurolinesturn values for

sensitivity
analysis

Red snapper, 0.160 975 0.00  Nelson and 316 x 1077 2.887 Nelson and 0.16 Relationship to K 1 Nelson and 16 Nelson and
Lutjanus Manoch 1982 Manooch 1982 0.25 Higher value Manooch 1982 Manaoch 1982
campechanus sensitivity
L vivanus analysis
L buccanells 0.34 Pauly 1980-81

Q.40 Higher value
for sensitivity
analysis

Black sea bass, 0.218 350 0.183 Mercer 1978 2,654 X 1078 3.024 Cupka et al. 0.30 Relationship 1 Cupkaetal. 10 Cupka et al.
Centropristes {Based on 1973 to K and Ty, 1973 1973
striatus standard 0.50  gor sensitivity

tength') analysis

Speckled hind, 1,100.088 1,105 —1.82 Matheson and 1.1x 1078 3.073 Matheson and 0.20 Pauly (1980-81) 1 Matheson and 25 Matheson and
Epinephelus Huntsman? Huntsman? estimate Huntsman? Huntsman?
drummondhayi Matheson and

Huntsman®

Snowy grouper, 0.063 1.350 =2.32 Matheson and 7.0% 1078 2.755 Matheson and 0.13  Pauly {1980-81} 1 Matheson and 25 Matheson and
Epinephelus Huntsman? Huntsman? estimate Huntsman? Huntsman?
niveatus Matheson and

Huntsman?

Gag. 0112 1,290 —1.13  Manooch and 12x1077 2.996 Manooch and 0.20 Relationship to K 1 Manooch and 13 Manooch and
Mycteroperca Haimovici 1978 Haimovici 1978 0.35 Higher value for Haimovici 1978 Haimovici 1978
microlepis sensitivity

analysis

Scamp, 0.067 1,090 —3,91  Matheson et al.2 2,400 X 10-8 2.910 Matheson et al.? 0.17 Pauly {1980-81) 1 Matheson et al.3 25 Matheson et al.®
Mycteroperca estimate
phenax Matheson et al.3

TTL=—11.2 + 1.34 SL{Cupka et al. 1973).

2R H. Math

and G. R. }

1883, Growth, monahly and yield per recruit models for speckied hind, Epinephelus drummondhayi, and snowy grouper, E. niveatus, from the U.S. South Atlantic Bight. Unpubl.

manuscr., 13 p. Southeast Fisheries Center B t L

Y. Marine Fisheries Service, NOAA, Beaufort, NC 28516-9722.
3R, H. Matheson HI. C. . Manooch 14, and G. R. Huntsman, 1883. Growth, mortality, and yield per recruit models for the scamp, Mycteroperca phenax. \Unpubl. manuscr., 14 p. Southeast Fisheries Center Beaufort
Laboratory, National Marine Fisheries Service, NOAA, Beaufort, NC 28516-9722.
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Parameters ¢, and K are derived from the von Ber-
talanffy (1938) growth equation,and W.. is estimated
as the weight corresponding to the asymptotic length
(L..) based on alength-weight regression. Growth was
assumed to be isometric.

The Beverton and Holt model implies instan-
taneous or “knife edge” recruitment with respect to
age. Knife edge recruitment is not an apparent
attribute of the hook-and-line fishery for at least two
reasons. First, relatively large variation in size of fish
of a single nominal age (resulting in part from long
spawning seasons, e.g., vermilion snapper, Grimes
and Huntsman 1980) makes it difficult to specify the
initial age of capture. Second, the probability of a fish
being taken by hook appears to increase somewhat
more gradually with size than do probabilities
associated with other gears.

Specifying an age at first recruitment is critical to
determining the yield being taken from a stock. We
believe that the mean age of recruitment provides a
practical estimate of recruitment age for species
which enter fisheries gradually.

Determination of Mean Age at
Recruitment

Computation of mean age at recruitment occurs in
three steps:

1) A minimum size at which fish first become
vulnerable to the gear is determined from in-
spection of catch length frequencies. We
designated the lower limit of the first class
interval containing substantial numbers
(usually five or more) of observations as the
minimum size of vulnerability. This designa-

tion was usually unambiguous, but for species
where it was not we evaluated more than one
size.

2) The probability that a fish of a given age will
equal or exceed the minimum size of vulnera-
bility is determined on the assumption of a nor-
mal distribution of lengths about the mean
length at age.

3) The probability for each age is multiplied by
the numerical age value (e.g., 0.5 X 3). The pro-
ducts and probabilities are summed over all
ages and the sum of the products is divided by
the sum of the probabilities. The success of
this treatment depends on exclusion from the
calculations of ages beyond the first age at
which all (P = 0.99) fish are vulnerable.

The estimation described here should be successful
if the specified minimum size at vulnerability is
accurate and if the relationship between size and re-
cruitment is strong.

RESULTS

Regardless of the estimate of M, all models had a
strikingly similar response to F' (Table 2, Figs. 1-18).
For median recruitment ages there was a rapid
increase in yield as F increased, then an abrupt
change as the rate of increase in yield declined at
about F = 0.3, and finally a broad plateau of yield
near the maximum. In general the absolute maximum
yield per recruit was attained at a very high F relative
to that needed to achieve 80 to 90% of the maximum
yield. At the lowest estimate of M for all species
examined, about 87%, on the average, of the max-
imum yield could be taken with an F = 0.3, which is

TABLE 2.—Summary of yield per recruit (¥/8) models for South Atlantic reef fish. M = instantaneous rate of natural mortality; £ = instan-
taneous rate of fishing mortality; ¢, = age at recruitment to the gear.

For the

mode! Maximal Where Y/R is Percent Y/Ris Percent Fig.

Species with M= Y/R (g} F= and t,= AtF= and = )] max. Y/R AtF= and = (g} max.¥/R  no.
Red porgy 0.35 150 0.80 2.9-4.0 0.50 <55 130 87 0.50-0.30 1.0-5.6 110 73 1
0.20 300 0.50 5.6-7.3 0.10 3.0-7.5 225 75 2

Vermilion 0.0 100 1.756 3.5-4.0 0.70 2.5-4.0 90 90 0.40 2.5-4.0 80 80 3
snapper 0.40 140 1.50 4.0-4.5 0.65 1.6-3.5 130 a3 0.45 1.5-3.56 120 86 4
0.25 250 0.55 4.5.6.0 0.30 2.5-5.5 200 80 5

White grunt 0.30 180 0.60 4.0-5.0 0.30 2.5-5.0 160 88 0.20 2.0-5.0 140 78 6
0.67 30 0.55 4.5 0.25 2.7-5.0 25 83 7

Red snapper 0.16 1,600 0.50 6.5-8.0 0.30 6.5-7.5 1,600 94 0.20 4.0-7.5 1,300 81 8
0.25 900 0.50 25.0 0.30 4.0-5.0 800 88 0.20 3.0-6.5 700 78 9

0.34 550 0.60 4.0-4.5 0.38 3.56-4.5 500 91 0.20 2.0-5.0 400 73 10

0.40 400 0.45 3.0-4.5 0.20 2.0.5.0 300 75 11

Black sea bass  0.50 50 0.90 2.5-3.5 0.30 2.5 40 80 0.20 1.0-35 30 60 12
0.30 100 0.70 4.0 0.30 2,5-5.0 80 80 13

Speckled hind 0.20 1,200 0.50 5.0.-7.0 0.256 4.0-7.0 1,100 92 0.18 3.0-7.0 1,000 83 14
Snowy grouper 0.13 1,300 0.38 9.0-11.0 0.20 7.0-10.0 1,200 92 0.15 5.0-11.0 1,100 a5 18
Gag 0.35 900 3.26 4.5 0.70 3.5 850 94 0.30 2048 700 78 16
0.20 1,875 2.20 7.0 0.70 5.5-7.0 1,800 96 0.35 4.0-7.0 1,600 85 17

Scamp 017 900 0.72 6.5 0.23 3.0-7.0 800 89 0.15 1.0-8.0 700 78 18
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Red Porgy M=0.35
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FIGURE 1.—Yield per recruit in weight of
red porgy where M = 0.35.

less than half the average F needed to take the max-
imum. At the lower estimates of M for white grunt,
vermilion snapper, red porgy, and black sea bass—
those species that supply the greatest numbers and
most weight to the headboat catch—86, 80, 92, and
80%, respectively, of the maximum yield can be taken
with an F' = 0.3. This is only 50, 55, 60, and 43% of F/

Vermilion Snapper M= 0.50

Yield Per Recruit in Weight

60 g

709

809

90 g

100 ¢

AGE AT RECRUITMENT

FIGURE 3.— Yield perrecruit in weight of vermilion snapper where M
= 0.50.

FIGURE 2.—Yield per recruit in weight of
red porgy where M = 0.20.
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Vermilion Snapper

M=0.40
Yield Per Recruit in Weight

AGE AT RECRUITMENT

needed to take the maximum. At the highest
estimates of M, 73, 60, 83, and 90% of maximum
yield can be taken with an F 0f 0.3, whichis 55,17, 38,
and 33%, respectively, of the effort needed for maxi-
mum yield.

Forless numerous, larger species, conservative har-
vest strategies would be even more successful than
for smaller fishes. For instance, for speckled hind,

" snowy grouper, scamp, and for gag and red snapper at

their lowest M estimates, 94, 95, 89, 94, and 78% of
the maximal yield per recruit can be taken if F = 0.3
which is 60, 79, 42, 14, and 60% of the F required to
take that maximum. Even at the high estimate of M
for gag and red snapper, 78 and 88% of the maximal
yield perrecruitare available if F=0.3. This Fis only
9 and 42% of that needed to take the maximum,
While the absolute relationship of recruitment age
to yield varies according to species, it is true for all
species that the lower the fishing mortality, the
greater the range of recruitment ages at which the
highest available yield may be taken. At F = 0.3, re-
cruitment age, regardless of M, could range over 4 or
more years for 9 of the 18 models without substantial

| = . .. .
loss of yield; for the remaining models it could range
over 3 yr. :
0 1 1 1 | 1
()] 1 2 3 4 5
F
FIGURE 4.—Yield per recruit in Vermilion Snapper M = 0.25
weight of vermilion snapper
where M = 0.40. Yield Por Recruit in Weight
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White Grunt M- 0.30
Yield Per Recruit in Weight
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FIGURE 6.— Yield per recruit in weight of white grunt where M = 0.30.

White Grunt M=0.57
Yield Per Recruit in Weight
15 20g
25g
It is apparent that on a yield per recruit basis the
fishery response to an increase in F' is a nonlinear de- -
crease in catch per unit effort (CPUE). The CPUE E 309
decreases most rapidly after F exceeds about 0.3 for =
most species. Further, the range of recruitment ages g
at which any given yield is available increases rapidly 3
as F decreases. %
STATUS OF THE FISHERY § 200
Despite slight differences in the periods when each 259
species was studied, reasonable generalizations can 209
be made about the state of reef fish stocks off North 159
Carolinaand South Carolinain the mid to late 1970’s.
‘:—
FIGURE 7.—Yield per recruit in weight of white grunt 0 1 1 1 1 1

where M = 0.57.
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Red Snapper
12009

1300g
1d_“°°J\ /1400g 1500g

F

M=0.16

Yleld Per Recruit In Weight

16009

FIGURE 8.—Yield per recruit in weight of red snapper

where M = 0.16.

FIGURE 9.~ Yield per recruit in weight of red snapper

where M = 0.25,
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Red Snapper M= 0.34
Yield Per Recruit in Weight
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FIGURE 12.— Yield per recruit in weight of black sea bass where M = 0.5.

Regardless of the M estimates chosen, of the recruit-
ment ages specified, or of whether the recreational or
commercial fishery is discussed, it is apparent that
most of the important species in the headboat fishery
were providing the bulk of their readily available
yield perrecruit (Table 3). At the lowest M estimates
all species studied (except deep water black sea bass)
were subjected to sufficient fishing mortality on the
headboat grounds to provide at least 70% (mean =
87%) of the maximal yield per recruit. Even at the
estimates provided by the highest M values and least
favorable recruitment ages, 50% or more (mean =
68%) of the maximal yield per recruit was taken for all
species except red snapper (40%).

Stocks available to the commercial fishery (includ-
ing those on the headboat grounds) were similarly
exploited. At the lowest M estimates, at least 70% of
the maximal yield per recruit was harvested for all
species (black sea bass and white grunt were not
taken commercially) except speckled hind for which
50% was taken, The mean for all species was81%. At
the high M estimates, 40% was the minimum taken

(for red snapper) and the mean for all commercial
species was 67%.

It appears that by the late 1970’s most of the prac-
tically available yield was being taken from the
grounds fished at that time. Several species were
incurring sufficient F' to provide virtually all the yield
perrecruit possible while F for most others was at the
level beyond which increased yield per recruit comes
only with very large increases in effort and concomi-
tant large decreases in CPUE.

DISCUSSION

Any value of our models lies in their utility to
management of reef fish stocks. Some information
about management can be derived directly from the
models without resort to adjunct information; for
instance, the models alone reveal that if recruitment
age can be kept moderately high, yield per recruit will
stay high regardless of how great F' becomes. Thus
protection of yield per recruit can be obtained
without having to know what F is, or without having to
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FIGURE 13.—Yield per recruit in weight of black sea bass where M = 0.3.
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FIGURE 14.—Yield per recruit in weight of speckled hind
where M = 0.20 (from Matheson and Huntsman, see Table 1).
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FIGURE 15.— Yield per recruit in weight of snowy grouper
where M = 0.13 (from Matheson and Huntsman, see Table 1).
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TABLE 3.— Status of fishery. M = instantaneous rate of natural mortality; F = instantaneous rate of fishing mortality; Z = F + M instan-
taneous rate of total mortality; Y/R = yield per recruit.

M 4 Recruitment  Age __ YRevilable Percent
Species estimates Value Pariod Source Figshery size (mm) {yn atF= g max. Y/R
Red porgy 0.20 0.65 1972-74 Manooch and Headboat 300 a1 0.30 120 80
0.35 Huntsman 1977 or 0.45 280 93
325 43 0.30 120 80
4.1 0.45 290 97
Commercial 300 0.30 120 80
handline 21 0.45 280 93
Commercia! 200 0.30 125 83
traw! or 2.6 0.45 225 75
250 125 83
250 83
Vermilion 0.25 0.67 1972.73 Grimes, Headboat 225 35 0.32 225 90
snapper 0.40 pers, or 0.27 100 7
0.50 commun,’ 250 017 60 60
38 0.32 225 920
0.27 100 7
0.17 60 60
Commercial 300 4.5 0.32 225 90
Handline 0.27 100 n
0.7 60 60
Commercial 200 3.3 0.32 228 90
trawl 0.27 100 n
0.17 60 60
White grunt 0.30 0.73 1972-75 Manooch 1977 Headboat 250 4.4 0.43 175 92
0.57 or 0.16 15 50
300 5.9 0.43 170 90
0.16 15 50
Commercial species
handline and rarely taken
trawl
Red snapper 0.16 0.38 1974-78 Nelson and Headboat and 500 6.0 0.22 1,300 81
0.25 Manooch 1982 commercial 0.13 §75 64
0.34 handline 0.04 200 40
(O]
Commercial 450 5.0 0.22 1,300 81
trawl 0.13 600 56
0.04 200 40
Black sea 0.30 0.83 1978 Low 1981 Headboat 400 4.0 0.563 shallow 98 98
bass {depth 0.30 deep 80 80
<40m) Commercial species rarely
0.60 handline and taken
(depth trawl
>40M)
0.50 Headboat 40 4.0 0.33 shallow 35 70
0.10 deep 10 20
Speckled hind 0.20 0.35 1976-79 Matheson and Al fisheries 365 3.3 0.15 950 79
h, dh. - 3
0.25 1976-79 0.05 600 50
commercial
handline
Snowy grouper 0.13 0.38 1976-79 Matheson and 365 3.3 0.25 950 73
headboat Huntsman®
0.24 1976-79 0.11 920 70
commercial
handline
Gag 0.20 No Manooch and Headboat — 1.0 40.36 1.050 58
estimate® Haimovici 1978
Commaercial 750 6.6 40.68 1.800 100
handline 800 8.0 40.68 1,700 94
0.36 1978-79 Headboat — 1.0 40.36 650 67
commercial Commercial — 6.6 40.68 650 72
handline handline 8.0 40.68 480 53
Scamp 017 0.53 1976-79 Matheson Headboat 500 54 0.36 850 94
headboat atal® 1972-75
Headboat 350 31 0.36 800 89
1976-79 1877-79
0.85 commerciat Commercial 400 4.0 0.68 900 100
handline handiine

'Churchill B. Grimes, Department of Horticulture and Forestry, Rutgers University, P.O. Box 231, New Brunswick, NJ 08903,

2M of 0.40 omitted because it was greater than estimated F.

3R. H. Matheson, and G. R. Huntsman, 1983, Growth, mertality, and yield per recruit models for spacklad hind (Epinephel ) and snowy grouper (E. niveatus)
g;;nztha U.S. South Atlantic Bight. Unpubl. manuscr. 13 p. Southeast Fisheries Center Beaufort Laboratory, National Marine Fisheries Service, NOAA, Beaufort, NC 28516-

4F for gag assumed to be same as for scamp which occupies same habitat and is taken simultaneously with same gear.

%R. H. Matheson lil, C. S Manooch i}, and G. R. Huntsman. 1983. Growth, mortality, and yield per recruit models for the scamp, Mycteroperca phenax  Unpubl. manuscr., 14
p. Southeast Fisheries Center Beaufort Laboratory, National Marine Fisheries Service, NOAA, Beaufort, NC 28516-9722.
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deal with the technically and politically troubling
problems of restricting F. However, much of the
knowledge required for management requires infor-

650g mation in addition to knowledge of the yield per re-
-— 7009 cruit responses. Currently much of this additional
7 7509 information is imprecise.
800g Despite missing and imprecise information, con-
6 850 cern about reef fish stocks has been sufficiently great
- - 9
z to foster creation of reef fish management plans by
z s the South Atlantic, Gulf of Mexico, and Caribbean
g 900 Fishery Management Councils. The basis of these
= i plans has been use of “the best available informa-
< 4 tion” as prescribed in the Fishery Management and
Z;n' 8509 Conservation Act. Inthe remainder of this discussion
3 800g we proffer some uses and interpretations of our yield
; gg: per recruit models and other information about reef
2 2339 stocks that are not necessarily precise but may,
-] . . . .
indeed, be the “best available information.”
1
(o] | 1 1 1 1
0 1 2 3 r 5
¢ Gag M = 0.20
FIGURE 16.—Yield per recruit in Yield Per Recruit in Weight
weight of gag where M = 0.35.
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FIGURE 17.—Yield per recruit in
weight ,of gag where M = 0.20.

692




HUNTSMAN ET AL.: YIELD PER RECRUIT MODELS

Scamp M=0.17
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scamp where M = 0.17 (from Matheson,
Manooch and Huntsman, see Table 1).

For instance, we believe that our yield per recruit
models allow preliminary estimates of MSY,
estimates required in fishery management plans pro-
mulgated under the Fishery Conservation and
Management Act. Current catches are an estimate of
MSY if three fairly safe assumptions, concerning
fishing effort, amount of recruitment, and recruit-
ment ages, are fulfilled. The first is that current effort
is sufficient to take most of the yield. As early as
1975, F for most important species was great enough
that 70 to 85% of the maximum yield was taken. The
most cursory observation would reveal that commer-
cial fishing has increased an enormous amount since
1976. Consequently F should now be more than suffi-
cient to take all the yield practically available. The
second assumption is that recruitment was sufficient
to fully populate the reefs. The major factor limiting
reef fish abundance is the scarcity of habitat (Ehrlich
1975), rather than scarcity of recruits. Reef fishes in
general have long-lived larval stages allowing
replenishment of local populations from distant
spawning stocks. Observations of natural and artifi-
cial reefs suggest that recruits are almost always
abundant (e.g., Anonymous 1971; Stone et al. 1979).
The third assumption is that recruitment ages
remain within a range that will allow maximum yields.
It appears that current recruitment ages for major
species either are within, or close to, this range.

Allocation of the catch to various sectors of the
fishery may eventually become important. Allocators

FISHING MORTALITY (F)

will need to understand the relative impact of various
types of gear on the stock and the relationship be-
tween effort and mortality. To provide a preliminary
estimate of relative impact, we calculated a crude
measure of the relative fishing power of the three
most important vessel types in the Carolina area.
Handline vessels operating from South Carolina
ports averaged 321 kg/d (Ulrich et al. 1977), “high-
rise” trawlers took 958 kg, and headboats caught 208
to 250 kg (Huntsman 1976b; Huntsman et al 1978).
Thus handline boats were about 1.3 to 1.5 times as
effective and trawlers about 3.8 to 5.2 times as ef-
fective as headboats. We cannot perfectly equate the
three types, however, because each takes different
species (Ulrich et al. 1977).

The disparity in species vulnerability might allow
partitioning the resource without conflict—red snap-
per to trawlers; groupers to handliners; porgies,
grunts, and vermilion snapper to headboats. But we
do not believe such partitioning is desirable. Large
trophy fish constitute only a small portion of the
headboat catch but are probably extremely impor-
tant in motivating the fishermen. Further we believe
pursuit of large fish catalyzes the taking of smaller
and more abundant species in offshore areas. Only
about 30,000 groupers and red snapper (totaling
about 182 t) were taken annually by headboats in
North Carolina and South Carolina from 1972 to
1974, compared with some 400,000 individuals of
other species (excluding black sea bass) totaling
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about409 t (Huntsman 1976 b). If the opportunity for
catching large fish were removed, anglers might pre-
fer to patronize smaller and less expensive boats that
fish inshore where large catches of smaller fish can
also be made.

Relating fishing mortality to fishing effort is dif-
ficult because we lack a long series of concurrent
effort and mortality estimates. Catch curves for red
porgy, vermilion snapper, and white grunt suggest
that if M is indeed low, F through 1974 was about 0.3
to 0.4 and was mostly attributable to headboats.
Headboat activity for North Carolina and South Car-
olina was reported as 48,989 angler days in 1972,
59,5615 in 1973, and 85,608 in 1974 (Huntsman
19764a). Because we know effort was underestimated,
weused the 1975 datato determine the percentage of
vessels omitted in earlier years. Our adjusted
estimates for 1972, 1973, and 1974 were 71,902,
85,5661, and 88,513 angler days, respectively. The 3-
yr mean was 81,922, corresponding to about 2,350
headboat trips (using the 1974 average of 34.87
anglers/trip). We suggest than an F of about 0.35 was
generated by this effort,

Because F onthe headboat grounds was quite likely
0.3 to 0.4 in the period 1972-74, the annual catch
(450 to 600 t exclusive of black sea bass) for that
period should be an estimate of MSY. This catch
could be taken with about 2,350 headboat trips (1 d),
1,679 handline vessel days (1.0 handline vessel day =
1.4 headboat day), 522 d of trawling (the range is 452
to0 618 d depending on the coversion factor selected),
or with some combination of these vessel efforts.
Additionally, a headboat fishery at the 1972-74 level
should take about 273 t of black sea bass, if the trap
fishery remained at the 1972-74 level.

It should not be surprising that near-maximum
yields could be taken by a small and apparently inef-
ficient fishery. Historically, reef fish stocks have been
vulnerable even to primitive fisheries. Munro et al.
(1971) described Jamaica’s reef fish stock as overex-
ploited. Brownell and Rainey (1971) reported that
inshore reef fishes in the U.S. Virgin Islands were
heavily fished, even though handlines and primitive
traps fished from unpowered vessels were the only
gear. The hook-and-line red snapper fishery in the
northern Gulf of Mexico has been sustained by con-
stant expansion of the fishing grounds rather than
by continued good catches on existing grounds
(Crowley 1983).

Continued laissez-faire management of the snap-
per-grouper fishery may result in a disproportionate
allocation of the catch. If the trawl and handline sec-
tors reduce the abundance of large species to such a
level that an acceptable CPUE of trophy fish cannot
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be experienced by headboat fishermen, the headboat
fishery might be weakened. During hundreds of
hours spent mingling with the public while sampling
headboat catches, we have observed that large (> 10
kg) snappers and groupers are very important in pro-
moting headboat ticket sales. Many headboat
operators use mounted specimens of large fish to
attract customers. Headboat fishing is arduous and
expensive ($40-$50/d in 1982) and large catches of
small fish can usually be made easily and cheaply
from piers and small boats in the Carolinas.

In this paper we have employed yield per recruit
models to suggest guidelines for managing the South
Atlantic Bight reef fishery. We believe that we have
shown that large and intensive fisheries probably are
not needed to fully harvest reef fish in the South
Atlantic Bight and that the Carolina headboat fishing
grounds are probably fully exploited. A low intensity
fishery should take most of the yield available, pro-
duce large, high value fish, and allow a sufficient num-
ber of fish to live to ages of maturity and sexual
transition to allow sustained high yields.
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