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Abstract. - The effects of uncertainty about growth of
U.8. Gulf of Mexico red grouper (Epinephelus morio)
on estimates of their population statistics was evaluated
by computing the statistics for each of several competing
von Bertalanffy growth equations fitted to length at age
data from different sources and time periods. Estimates
of asymptotic lengths varied from 27.7 inches to 68
inches total length. These equations were used to
estimate the age composition of the 1986-1992 combined
harvest and to estimate total mortality through means of
catch curves constructed for 1986-1989, before the 20
inch minimum size and for 1990-1992 when the
minimum size was in place. All of the mortality rate
estimates and Yield Per Recruit (YPR) and Spawning
Potential Ratio (SPR) evaluations assume equilibrium
conditions. The catch curve estimates of mortality that
were derived from ages estimated from lengths were
biased low. Simulated data were analyzed to develop
bias correction equations which were subsequently used
in an attempt to remove the bias. Estimated total
mortality for fully recruited ages ranged from Z=0.286
to Z=0,548 for 1986-1989 and from Z=0.453 to
Z=1.545 for 1990-1992 depending on the growth model
selected. This eguilibrium assumption is known to be
violated for the later period, because of the introduction
of the 20-inch minimum size, hence the latter estimates
are suspect. The consequence of this defect was not
evaluated.

For natural mortality of M=0.2 the corresponding
SPR ranged from 20 to 52 percent for 1986-1989.
Equilibriom SPR estimates range between 13 and 42
percent for 1990-1992 fishing mortality rates assuming
discard mortality of undersize fish is negligible. SPR
estimates ranged from 7.1 to 32 percent for the same
period if discard mortality of undersize fish is assumed
to be 33 percent and the undersize fish are caught
according to the selectivity ogive estimated for the 1986-
1989 period. Analyses of YPR were conducted to
estimate mean recruitment and potential equilibrium
yield for each of the growth equations for the conditions
of no minimum size and 16, 18 and 20-inch TL

minimum sizes; fishing mortality rates corresponding to
both time periods; and natural mortality of 0.15, 0.20
and 0.25. The results of this study support additional
detailed examination of red grouper growth rates.
Furthermore, if age-structured assessment methods are
to be employed with this stock we must begin routine
collection of data to develop annual age-length keys to
estimate the age composition of the catch of this fishery.

Introduction

Goodyear and Schirripa (1991) noted in the first
stock assessment for U.S. Gulf of Mexico red grouper
(Epinepheius morio) recent data indicated that red
grouper were larger at size than Moe found for the early
1960s (Moe 1969). This observation prompted a
request for additional research (Muller 1991).
Subsequent evaluations of the growth of red grouper
found an important increase in size at age through time
for specimens sampled from the U.S. Gulf of Mexico
(Ektund, 1992; Goodyear and Schirripa 1993; Johnson
and Collins ms). This trend Jed to the development and
application of a time-corrected growth model based on
the von Bertalanffy growth equation to estimate the age
composition of the catch (Goodyear and Schirripa 1993).
However, the results of application of virtal population
analysis methods (Gavaris 1988, Powers and Restrepo
1991) to the resulting catch at age data lead to solutions
that provided widely disparate views of the status of the
siock and consequent low confidence in the results
{Goodyear and Schirripa 1993). A recent evaluation of
the underlying data concluded that the temporal trend in
size at age in the available data is probably the result of
sample bias rather than actual changes in growth rate
through time (Goodyear ms). The present study
characterizes the effect of the uncertainty in growth on
important population statistics such as mortality, yield
per recruit (YPR), recruitment, spawning potential ratio
(SPR), F, ., F,,, and equilibrium catch.



Methods

~ The data available for this study were from samples
collected from the Gulf of Mexico red grouper
recreational and commercial fisheries and analyzed by
either Moe (1969) or Johnson and Collins (ms) for age
determinations. All age estimates were based on otolith
annuti counts. Lengths were converted to inches total
length (TL} using the conversions presented in Goodyear
and Schirripa (1993). Examination of the available data
lead to eight groupings including seven time-gear strata
and an eighth consisting of all samples pooled (see
Table 1 for acronyms used to specify groupings).

Age at capture was estimated as the integer age
assigned from the otolith reading and the fraction of a
year that had passed since the prior June 1. Von
Bertalanffy equations were fit to the resulting ages and
total lengths at capture using the SAS NLIN procedure.
As a test, the resulting growth model was used to
estimate the ages from lengths for the fitted data set,
Catch curves estimates of total mortality for the
observed and predicted ages for the data sets were
contrasted to characterize possible bias.

The length at full recruitment and the proportions of
smaller length classes that were available to the fishery
were estimated from the 1986-1989 average length
composition of the combined harvest estimated by
Goodyear and Schirripa (1993). The estimate was
derived by smoothing the normalized ratios of the
realized catch at length to simulated apnual mean
numbers at length at a total annual mortality of Z=0.5
using the growth model constructed from the pooled
data. Fish larger than the first fully recruited size class
were assumed equally available to the fishery.

Correction factors to adjust for the bias in the total
mortality estimates were developed by sampling
simulated age-length compositions of the population for
several levels of mortality for each of the growth models
(Goodyear ms). The correction factor was derived from
regressing the mortality rate estimated from the actual
age composition of the simulated sample on the
mortality rate derived from the ages estimated from the
simulated lengths for the same sample. Separate
correction factors were estimated for the unregulated
condition and for the 20-inch minimum size that was
enacted in 1990 for each of the eight growth equations,

Estimates of total mortality in the population were
derived from catch curves constructed from the 1986-
1989 and 1990-1992 age compesitions of the harvest
using each of the growth models. Catch-curve estimates
based on observed ages are denoted Z,. Those
estimated from ages assigned from lengths are denoted
Z, (i.e., total mortality estimated from slope of catch
curve fitted to ages predicted from observed lengths

using a growth equation), and F; (i.e., fishing mortality
estimated as Z, - M). The bias corrected estimates are
denoted Zgoy (i.e., total mortality estimated from Z
using a bias correction regression equation), and Foo
(i.e., fishing mortality estimated as Z.o, - M}.

Yield per recruit (YPR), Spawning Potential Ratio
{Goodyear 1993), F,, and F,,, were esiimated for each
of the growth models for M=0.15, 0.2, and 0.25 for no
size limit, and size limits of 16, 18 and 20 inches total
length using the Ricker approach and partial recruitment
vectors based on the length selectivity ogive derived for
the 1986-1989 catch. Where minimum sizes were
evaluated, fish continued to be caught according to the
selectivity ogive. The catch of fish of the minimum size
or larger was removed from the popuiation and added to
the yield. Those caught less than the minimum size
were removed from the population in proportion to the
discard mortality and did not add to the yield. Discard
mortalities of 0, 20 and 33 percent were evaluated.

Mean recruitment was evaluated as the ratio of the
1979-1989 average catch to the 1986-1989 estimate of
YPR pgiven fishing meortality estimated at natural
mortality of 0.15, 0.20 and 0.25 for each of the growth
models. The resulting values were used to estimate the
equilibrium catch associated with no size limit, and 16,
18 and 20-inch size limits for each of the growth
models. Where size limits were evaluated, equilibrium
catch estimates were made for both the 1986-1989 and
1990-1992 levels of Fegp.

Results

Scattergrams of observed lengths at age and the
fitted equations for each of the growth models are
presented in Figure 1. Maximum mean size at the
oldest age (L) ranged from 27.7 to 68.1 inches total
length, K ranged from .03 to 0.27 and t, ranged from
-6.7 to 0.62. The lengths at age predicted by each of
these equations are presented in Table 2. The age
during which the average red grouper is predicted to
attain the current 20 inch TL minimum size ranges from
age 3 to age 5 depending on the model. Similarly, all
other factors being equal, the mean age of a sample of
25 inch TL red grouper might range from 5 to 10 years
depending on the growth model selected. Inspection of
the scatiergrams demonstrates that the difference
between the smallest and largest members of ages
beyond about age 5 is much greater than the difference
between the mean sizes of the prior and subsequent
ages. Consequently, precise assignment of age from
length for these ages is impossible even if true growth
were known.

Total mortality was estimated from catch curves for
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Figure I. Von Bertanlanffy growth equation fitted to observed size at age for the data

sets used in this study.

1986-1989, before the 20 inch TL minimum size, and
1990-1992 after the 20 inch minimum size was imposed.
The catch curves were constructed from the length
composition of the combined harvest using the ages
predicted using each of the growth models (Figure 2).
Estimates of Z, ranged from 0.291 to 0.457 for the
earlier period and from 0.282 w 0.5 for the latter
period. There was a shift in the apparent age of full
recruitment from about age 1-3 to about age 5-6

associated with the introduction of the
minimum size,. However, there was about
as much difference among the models as
their was between the periods.

As with other catch-curve analyses,
recruitment and mortality are assumed to
have been constant for a sufficient period to
allow the age structure to achieve
equilibrium (Ricker 1975). It is possible
that this condition is met for the former
period but seems unlikely for the latter
period because of the effects of the
minimum size. Conscquently, the levels of
Z_ for the latter period are presented only
to evaluate how the selection of the growth
model affects the value of the estimate,
The data sets used to develop the growth
equations consist of samples with known
ages and lengths. This permits construction
of catch curves based on known ages and
on ages predicted from lengths to contrast

model that could be used to
correct for the bias. This
possibility was explored by
simulating the age-length
composition of the red grouper

population for several levels of total mortality using the
simulation model described by Goodyear {ms). For the
simulations, natural mortality was 0.20 for all 30 ages
considered and growth was assumed to be according to
the model fitted to the pooled data set (ALL DATA of
Figure 1). Fishing mortality increased with size up to
about 18 inches TL according to the product of a scaler
and the selectivity ogive of Figure 4, which was
estimated from the length composition of the 1986-1939
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compositions for each of the red grouper
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harvest of red grouper. Ten levels of the
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from Z, (Figure 6). The negative intercept
of the relation suggests that the bias would
reverse at low levels of natural mortality.
And, in fact, Z; was greater than Z, where
Z, was estimated to be 0.201 (the specified
fully recruited mortality was 0.202). This shift in the
direction of the bias is the result of the interaction of
misclassification probability and the shape of the growth
curve. It is also noteworthy that Z, tended to be
somewhat lower than the specified total mortality for
fully recruited fish. This phenomenon was the result of
the gradual recruitment of ages 2 through 9 as a result
of the variability of size at age.

The process was repeated to see if the same
correction equation would apply for the conditions

~ existing after the 20-inch minimum size was established.

This was accomplished using the same method as before
but the simulated sample harvest was restricted to red
grouper of 20 inches TL or greater. Again, 24000
samples were taken at each level of fishing mortality and
Z, and Z, were estimated (Figure 7). The effect of the
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Figure 4. Selectivity ogive estimated from the 1986-1989
length composition of the harvest of Gulf of Mexico red
grouper.
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Figure 3. Caich curve estimates of total mortality from the observed and
predicted age compositions of the samples used to construct the growth models.

partial recruitment of ages containing some members
below the minimum size is clearly evident in the shape
of the scattergrams, particularly at the higher levels of
fishing mortality. For this growth model the age of
nearly full recruitment given a 20 inch TL minimum
size is about age 9, although some individuals begin 10
recruit to the fishery as early as age 3. Consequently,
the shoulder of the catch curve extends over several
ages, and the effect becomes more pronounced as
fishing mortality increases.

In contrast to the linear relation observed between
Z, on Z, for the 1986-1989 condition that preceded the
size limit, the scatiergram of Z, on Z, for the post size-
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Figure 5.  Estimates of Z, and Z, from simulated

observations at several levels of mortality in the absence of
size limits.



limit period was highly nonlinear (Figure 8). As a
consequence a power function was fitted by linear
regression a region of the data defined by the value of
Z, estimated from the length composition of the harvest
by the 1990-1992 (post size limit) fishery for this
growth model {Figure 2).

The dissimilarity between the two bias correction
models of Figures 6 and 8 was also found to be the case
for each of the other growth models. Consequently,
bias correction models were developed for each of the
growth models for the conditions existing before and
after the 20 inch minimum size was established. The
resulting regression coefficients are presented in Table
3. Note that the pre size-limit model uses.a linear
regression as presented in Figure 6, and the post size-
limit model is the linearized power function fitted to the
region of interest as presented in Figure 8. R-square

values for the fitted equations were all 0.99 or better

except for the post size-limit condition for the growth
model fitted to the commercial samples from 1980 and
1981 (COM 80-81 of Figure 1). For this case the
scattergram of Z, on Z, was vertical in the region of
interest and no bias correction equation was possible.

The bias correction equations were applied to the Z;
values from the pre and post size limit combined catch
analyses of Figure 2 to arrive at estimates of Zy,, for
each growth model and pericd. The resulting values
were used to provide uncorrected and bias corrected
estimates of fishing mortality (F, and F.,) and
corresponding estimates of SPR for nawral mortality of
0.15, 0.20 and 0.25 (Tables 4-6). Where the
uncorrected estimates of F, were employed to estimate
SPR, fishing mortality for the partly recruited ages was
estimated from the ratios of the length based estimates
of catch at age to those predicted by extending the catch
curve backward to the age of interest. The selectivity
ogives applied with Fop for estimates of SPR were
based on the proportions by age (averaged over 12
months) that corresponded to the selectivity ogive of
Figure 4.

The values of SPR estimated from the various
growth models for F, and Fgop for 1986-1989 ranged
from 13 to 33 percent for M=0.15, from 20 w 52
percent for M=(.20, and from 29 to 78 percent for
M=0.25. Although the F.,, were generally higher than
Fy, the calculated selectivities for ages below actual full
recruitment were higher for the SPR estimates
corresponding to F; than for those used in the estimation
of Fogp because of the misclassification error. As a
result the estimates of SPR were similar for the two
methods, at least for the period preceding the minimum
size.

The growth-model effect on the estimates of F_ and
Fcor and corresponding estimates of SPR for the period
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after the minimum size went into effect were much
greater than those observed for the conditicn of no
mihimum size. F,~at M=0.2 ranged from 0.08 to0 0.3
and associated SPR ranged from 18 to 53 percent in the
absence of discard mortality. The bias corrected
estimates, Foop, varied between 0.25 and 1.3 and the
associated estimates of SPR ranged from 13 tw 42
percent in the absence of discard mortality at M=0.20

The value of fishing mortality and associated YPR
and SPR at F;, and F,, were determined for each of
the growth equations at M=0.2. Separate
determinations were made for discard mortality rates of
0, 20 and 33 percent at no minimum size and minimum
sizes of 16, 18, and 20 inches TL (Table 7). Plots of
the results for discard mortalities of 0 and 33 percent
arg presented in Figures 9-56. Fgo, estimated at
M =0.20 for the conditions existing before the minimum
size exceeded F,, for six of the eight growth models,
but was less than Fy,, for seven of the eight growth
models. In the absence of discard mortality, YPR at
Fy, was highest for the 20-inch TL minimum size for
six of the eight growth models and at the 18-inch TL
gize limit for the other 2 cases. The estimates of SPR
at F,; ranged from 30 to just over 50 percent regardless
of discard mortality or size limit.

At a discard mortality of 33 percent, YPR at F,;
and YPR at F,, were maximum with a 16-inch TL
minimum size for five of the eight models and with no
size limit for the other 3 cases. Also at 33 percent
discard mortality, SPR at Fmax was below the 20%
threshold in half the cases when no minimum size was
imposed, in one case at 2 16-inch TL minimum size, but
in no cases at larger minimum sizes.

At a discard morality of 20%, YPR at F,, was
maximum with 2 16-inch TL minimum size for seven of
the eight models. YPR at Fy, was maximum with a
16-inch TL minimum size for six of the eight models.
YPR was maximum for the 18-inch TL minimumn size
for the other three cases (Table 7).

The 1979-1989 mean combined yield for Gulf of
Mexico red grouper was slightly over 9 million pounds
whole weight (Table 8). If this average is assumed to
representequilibrium conditions then equilibrium {mean}
recruitment is given by the ratio of the mean yield to
YPR for the fishing mortality rate estimated for each
growth model. At M=0.15 the recruitment estimates
varied a factor of 1.8 from 3.4 to 6.2 million fish; at
M =0.20 the recruitment estimates varied by a factor of
2.5 from 4.5 million to 11.2 million fish; and at
M=0.25 the recruitment estimates varied by a factor of
5.0 from 6.1 to 30.4 million fish (Table 8).

These recruitment rates were used to estimate
equilibrium combined harvest (millions of pounds whole
weight) for each of the growth medels as the preduct of

recruitment and YPR at F;. Estimates were made for
the 1986-1989 and 1990-1992 periods, at M=0.15,
M=0.20, and M=0.25; and for discard mortalities of
0, 20, 33 percent and minimum sizes of 16, 18 and 20
inches TL (Tables 9-11). The estimates utilize the
selectivity ogive of Figure 3 to estimate the catch and
release of fish below the minimum size. The results
indicate that each of the growih models leads to the
prediction that higher levels of SPR would be attained
for all minimum sizes evaluated that maintain F constant
at the Fqp levels estimated for 1986-1989 conditions by
increasing the minimum size. Increases in equilibrium
mean yield over the 1979-1989 average were also
predicted for many parameter combinations.

At a minimum size of 16 inches TL the equilibrium
yields corresponding to the 1986-1989 F_, estimates for
each of the growth models were higher in all cases
where the discard mortality was less than 0.33 for
M=0.15 and in seven of eight cases for discard
mortality of 0.33. At M=0.20 seven of eight cases
showed improved yield with a no discard mortality, six
of eight at 20 percent discard mortality and five of eight
at 33 percent discard mortality. At M=0.25, six of
eight cases show improved yield if discard mortality is
negligible but the number drops to two at 20 percent
discard mortality and none at 33% discard mortality.

At a minimum size of 18 inches TL the resulis are
similar for M=0.15. However at M=0.20 only two of
the eight models predicted increased yields if discard
mortality is 0.33, and at M=0.25 a 18 inch minimum
size would result in increased yield only if discard
mortality is negligible.

At a minimum size of 20 inches TL seven of the
eight growth models predict increased yield at M=0.15
if discard mortality is no more than 20%. At 33%
discard mortality half the cases showed improved yield.
At M=0.20, six of eight cases had higher yield if
discard mortality is negligible, 3 of eight at 20% discard
mortality and none at 33% discard mortality. At
M=0.25 only two of eight cases showed improved yield
even if discard mortality is negligible,

The data in Tables 9-11 that pertain to the 1990-
1992 F.q estimates should be applied with caution and
are only presented so that the reader may examine the
model effect on the estimates. However, it is ciear from
these data that even with a 20-inch TL minimum size,
several of the models predict that SPR can be driven
below the 20 percent threshold.

Discussion

The disparity among predicted sizes at age among
the growth models fitted to size at age data from the



various sources is in agreement with the conclusion that
sample bias was the likely source of the apparent
temporal trend thatresulted in the growth model used in
the last assessment (Goodyear ms, Goodyear and
Schirripa 1993}. The present work is based on observed
size at age rather than backcalculated size at age based
on the results of Vaughan and Burton (1994} and the
desire to use the models to estimate ages of fish in the
catch. The inclusion of back-calculated lengths at age
into the fit would add a large number of points to the
least squares minimization that lay below the range of
sizes to which the model would be applied. These
points could possibly bias the resuiting growth curve in
the region of interest.

On the other hand, the estimates of yield per recruit
rely on accurate characterization of growth, particularly
if they are made for conditions (such as size limits}
which change the selectivity patterns of the fishery. The
influence of this consideration for the resulis presented
here is uncertain and may be worthy of further research
to contrast YPR for aiternative growth models that may
result from alternative treatments of the source data.

The bias correction model developed in this anatysis
would seem to have promise for situations were catch
curve analysis is appropriate (equilibrium conditions),
size at age is known, and the included length
composition of the samples are sufficiently respensive to
mortality. In the case of the data sets examined here,
each of the alternative growth models produced linear,
highly predictive relationships between the actal
mortality and that esttmaied from the length
compositions when there was no size limit. However,
for the condition of a 20-inch size limit the relation
between actual and predicted mortality was highly
- curvilinear, and for one of the eight growth models the
slope was nearly vertical in the region of interest. This
finding is the result of the misclassification of large
young fish to older ages and the effect of the minimum
size. I suspect that the application of the bias correction
equations to correct Z, for data collected with a 20-inch
minimum size would be prone to error because of shape
of the carve. However, since (as noted earlier) the
catch curves themselves cannot be in equilibrium, this
point was not further evaluated here.

The estimates of fishing mortality for the period
before the 20-inch minimum size was enacted varied
from Fgo=0.086 to Fg;z=0.348 for M=0.20

depending on the growth model selected.

Corresponding levels of SPR varied from 0.52,
indicative of a stock in good condition, w 0.20, the
threshold for the definition of overfishing. The post-
size-limit estimates for fishing mortality ranged from
Foor=0.25 to Feop=1.35 for models where estimates
-were possible. These levels of fishing mortality would

lead 1o estimates of SPR ranging from 7% to 32% for
a discard mortality of 33% depending on the growth
model selected. Although the estimates for the later
period are suspect for other reasons, it is clear that the
differences among the results for the various growth
models confirm the importance of the uncertainty caused
by the application of the growth models.

It is clear from the presemt work and previous
analyses (Goodyear ms), that the age composition of the
red grouper catch cannot reliably be estimated from the
sizes of the fish, and the problem is exacerbated by the
presence of the 20-inch size limit. Present data are
insufficient to adequately characterize growth. The data
which do exist imply that the variation in age at length
for fish larger than the size limit will prohibit useful
application of length-based estimates of -the age
composition for use in age structured assessments. It
would appear that the development of fumre
management advise based on such methods will require
samples of the actuzl age composition of the catch,
perhaps using age-length keys such as those proposed by
Ketchen (1950} and Hoenig and Heisey (1987).
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Figure 17. YPR for red grouper asswming a 16 inch minimum sizeand ~ Figure 18. YPR for red grouper assuming a 16 inch minimum size and

the indicated growth model with no discard mortality.

15

20— QROWTH MODREL=COMBH] MIN SIZE=16 . . 4p
g . Foy =022 (v=119) |
J F, = =
%2,5 Max =085 (¥=137) -
ch.
P 60
E ; Fuax
[&] i I N ‘L
o T
o ot ! L4
£ 1.0 e L
<3} .
= H !
E} 054 ' : e
. 1
[T —F,, e e
: . T
; an . o
oo 15

T "R
FISHING MORTALITY (F)

(%) dds

.09 r1og
'ra‘ . F,, =017 (v=188)
g F, =
% 25 wax =0.3% (Y=209) |
g!.ﬂ-
E * @
8 1.5 o
B Yeereeen e ememm e mmmmes e e e mmmneneoeneens Lo B
o 1.0 :
g '
[T it i
= )
]
= 1) : 1
o 15

03 @ 08 1z
FISHING MORTALITY (F)

the indicated growth model with no discard mortality.

3p— GROWTH MODEL=HDL9I33 MINSIZE=18 4
’8" . Fy, =047 (v=189) |
= 25 Fyp =037 (v=207
EEB P WA (¥ LI
7 4
=\ T
STV " g
Bl A 2
g .
H 1
e 1.0 i 1
& ; o "
A 051 i S
o] fe—p !
H [+
; 1.0 - r t 0
an 15

os | ®s 03 12
FISHING MORTALITY (F)

Figure 19. YPR for red grouper assuming a 16 inch minimum size and ~ Figure 20. YFR for red grouper assuming a 16 inch minimum size and

the indicated growth model with no discard mortality.
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Figure 21. YPR for red grouper assuming a 16 inch minimum size and ~ Figure 22. YPR for red grouper assuming a 16 inch minimum size and

the indicated growth model with no discard mortality.
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Figure 23. YPR for red grouper assuming a 16 inch minimum size and ~ Figure 24. YPR for red grouper assuming a 16 inch minimum size and
9 the indicated growth model with no discard mortality.
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Figure 25. YPR for red grouper assuming a 18 inch minimum size and  Figure 26. YPR for red grouper assuming a 18 inch rinimum size and

the indicated growth model with no discard mortality. the indicated growth model with no discard mortality.
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Figure 33. YPR for red grouper assuming a 20 inch mininum size and  Figure 34. YPR for red grouper assurning a 20 inch minimum size and
the indicated growth model with ne discard mortality. ..
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Figure 35. YPR for red groiper assuming a 20 inch minimum size and ~ Figure 36. YPR for red grouper assuming a 20 inch minimum size and

the indicated growth model with no discard mortality.
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the indicated growth model with no discard mortality.
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Figure 38. YPR for red grouper assuming a 20 inch minimum size and
the indicated growth mode! with no discard mortality.
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Figure 39. YPR for red grouper assuming a 20 inch minimum size and ~ Figure 40. YPR for red grouper assuming a 20 inch minimum size and
the indicated growth model with no discard morality.

1 the indicated growth model with no discard mortality.
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Figure 41. YPR for red grouper assuming a 16 inch minimum size and ~ Figure 42. YFR for red grouper assuming a 16 inch minimum size and
the indicared growth model with a discard mortality of 33%.
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the indicated growth model with a discard mortality of 33%.
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Figure 43. YPR for red grouper assuming a 16 inch mininuwm size and  Figure 44. YFR jor red grouper assuming a 16 inch minimum size and
the indicated growth model with a discard mortality of 33%.
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Figure 45. YPR for red grouper assuming a 16 inch minimum size and  Figure 46. YPR for red grouper assuming a 16 inch minimum size and
the indicated growth model with a discard mortality of 33%.
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the indicated growth model with a discard mortality of 33%.
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Figure 47. YPR for red grouper assuming a 16 inch minimum size and ~ Figure 48. YPR for red grouper assuming a 16 inch minimum size and
the indicated growth model with a discard mornality of 33%,
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Figure 51. YPR for red grouper assuming a 18 inch minimum size and ~ Figure 52, YPR for red grouper assuming a 18 inch minimum size and

the indicated growth model with a discard mortality of 33%. - the indicated growth model with a discard mortality of 33%.
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Figure 53. YPR for red grouper assuming a 18 inch minimum size and ~ Figure 54. YPR for red grouper assuming a 18 inch minimumn size and

the indicated growth model with a discard mortality of 33%. the indicated growth model with a discard mortality of 33%.
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Figure 57. YPR for red grouper assuming a 20 inch minimum size and  Figure 58. YFPR for red grouper assuming a 20 inch minimum size and

the indicated growth model with a discard mortality of 33%. the indicared growth model with a discard mortalily of 33%.
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Figure 59. YPR for red grouper assuming a 20 inch minimum size and  Figure 60. YPR for red grouper assuming a 20 inch minimum size and

the indicated growth model with a discard mortality of 33%. the indicated growth model with a discard mortality of 33%.

30 = 2 = 109 3.0+ (s] = » = 00
o Foi =018 (¥=154) w4 Fo, =042 (v=111) |
%25- Fuae =032 (Y= 1.76) Em Fuur =0.20 (¥=1.35)
=5 MAX =1 L ea = Max *0. = l e
g F g :

h 20 u‘t}( t 2.0
50 o
= T8~ “ = e
- | = [ T =
U R T R L e DR R Rty _— B L Ear=)
2 1 i Lo 38 B FogAN— Lo &
e 10 e | ] N |
25} b I3} F.
B b 1 a2y g !
) ns4 ' e oos{f =
5 i —p l:‘-l (—'r F,
= ] i ol
) .'U ! v 0 >~ 00 — - , r ' r I
00 03 06 0s 32 15 an 03 DE 08 12 15
FISHING MORTALITY (F) FISHING MORTALITY (F)
Figure 61, YFPR for red grouper assuming a 20 inch minimum size and  Figure 62_ YPR for red grouper assuming a 20 inch minimum size and
the indicated growth model with a discard mortality of 33%. the indicated prowih model with a discard mortality of 33%.
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Figure 63. YPR for red grouper assuming a 20 inch mininun: size and ~ Figpure 64. YPR for red grouper assuming a 20 inch minimum size and

the indicated growth model with a discard mortality of 33%. 14 the indicated growth model with a discard mortality of 33%.
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Table 1. Sources of data used in this sdy.

Data Set

Description

MOE 63-64,

COM 80-81.

REC 79-80.

REC 91-93.

BLL 91-93.

HDL 91-93.

TRP 91-93.

ALL DATA.

Samples from sport and commercial fisheries off the west cemral
Florida Coast, October 1963 through November of 1964. Age
determinations were made for 1261 specimens, but the growth data
were resiricted to 202 individuals selected because of the clarity of the
annuli. Ages were determined by Moe (1969).

Samples from the hook and line commercial fishery collected in 1980
and 1981 by biologists with the NMFS Panama City Laboratory.
Ages were determined by Johnson and Collins (ms for more details).
N=179.

Samples from the recreational fishery collected in 1979 and 1980 by
biologists with the NMFS Panama City Laboratory. Ages were
determined by Johnson and Collins (ms for more details). N=77.

Samples from the recreational fishery collected from 1991 to 1993 by
biologists with the NMES Panama City Laboratory. Ages were
determined by Johnson and Collins (ms for more details). N=103,

Samples from the commercial bottom longline fishery collected from
1991 to 1993 by biologists with the NMFS Panama City Laboratory.
Apges were determined by Johnson and Collins (ms for more details).
N=312.

Samples from the commercial hand line fishermen collected in 1991
to 1993 by biologists with the NMFS Panama City Laboratory. This
sample contains fish caught with power assisted and hand operated
bandit rigs as well as a few caught with conventional rod and reel.
Ages were determined by Johnson and Collins (ms for more details).
N=142,

Samples from the commercial trap fishery collected from 1991 to 1993
by biologists with the NMFES Panama City Laboratory. Ages were
determined by Johnson and Collins (ms for more details}). N=78.

All of the above sources of data pooled. N=1093.
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Table 2. Total lengths at age for the fitted Von Bertalanffy growth equations fitted to observed length at age for Gulf
of Mexico red grouper used in this analysis.

Growth Equation

1 9.268 §.364 6.359 3.218 13.932 11.724 14.861 7.727
2 12.290 12.026 12.150 10.318 16.506 15.060 16.533 12.371
3 14,948 14.994 16.618 15.73% 18.821 17 961 18.153 16,117
4 17.287 17,399 20.064 19.879 20.903 20.483 19.722 19.141
5 19.344 19.349 22.723 23.039 22.776 22.676 21,242 21,581
6 21.154 20.928 24.774 25.452 24.459 24.583 22.714 23.550
7 22 747 22.208 26.356 27.295 25.974 26.240 24,138 25.138
8 24,148 23.246 27.577 28.702 27.336 27.682 25.520 26.421
9 25.380 24.087 28.518 29.776 28.561 28.935 26.858 27 .455
10 26.465 24.768 29.245 30.5%6 29.662 30.024 28.153 28.290
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Table 3. Slope and intercepts for the bias correction equations used to estimate total
mortality from the catch curve estimates derived from the age composition of the
catch based on observed lengths. These equations were derived from simulated data,

Period

Pre 20 inch (1986-198%) Post 20 inch (1990-1992)
Growth —  —mmeeeieeeeeeicemn e
Equation intercept slope intercept slope
MOE 63-64 -0.147 1.542 -3.965 11.243
COM 80-81 -0.250 1.841 - -
REC 79-80 -0.472 2.209 -6.982 17.739
REC 91-92 -0.383 2.040 -4.203 9.269
BLL 91-92 -0.052 1.310 -2.806 6.104
HDL 91-92 -0.065 1.280 -3.034 6.691
TRP 91-92 -0.083 1.299 -2.048 3.380
ALL DATA -0.250 : 1.790 -4.411 11.133
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Table 4. Moriality rate and Spawning Potential Ratio (SPR) estimates for Gulf of Mexico red grouper derived from catch curves fitted to the 1986-1989
and 1990-1992 catch age composition estimated from several different growth models and assuming natural mortality (M) is 0.15.

1986-1989 Length 19%90-1992 Length
Composition of Combined Harvest Composition of Combined Harvest

Cranth Predicted Ages Bias Corrected Predicted Ages Bias Corrected

T il i R e et nindin ittt ettt bttt b
Equation Z F. SPR, Lew Fom SPR, Z F\ SPR; SPRy SPRy Zum Foe  SPR;  SPRy  SPRy
MOE 63-64 0.313 0.163 0.204 0.335 0Q.185 0.237 0.282 0.132 0.331 0.317 0.307 0.453 0.303 0.306 0.254 0.225
COM 80-81 0.291 0.141 0.263 0.286 0.136 0.331 0.316 0.166 0.265 0.254 0.248 - - - - -
REC 80-81 0.436 0.286 0.136 0.491 0.341 0.154 0.402 0.252 0.199 0.191 0.186 1.152 1.002 0.123 0.088 0.071
REC 91-93 0.457 0.307 0.128 0.548 0.398 0.140 0.500 0.350 0.156 0.143 0.136 1.545, 1.395 0.09 0.065 0.051
BLL 91-83 0.356 0.206 0.183 0.414 Q.264 0Q.157 0.392 0.242 0.188 0.179 0.173 0.661 0.511 0.206 0.155 0.129
HDOL 91-93 0.371 0.221 0.165 0.40%3 0.259 0.182 0,395 0.245 0.181 0.172 0.166 0.678 0.528 0.203 0.158 0.134
TRP 91-93 0.374 0.224 0.148 0.402 0.252 0.134 0.488 0.338 0.117 0.107 0.101 0.672 0.522 0.201 0.139 0.110
ALL DATA 0.380 0.230 0.170 0.430 0.280 0.177 0.377 0.227 0.213 0.204 0.199 0.B03 0.653 0.172 0.131 0.110

Z, = estimated from slope of catch curve fitted to ages predicted from observed lengths using the indicated growth equation.
F,_ = estimated as Z; - M. :

Z.on = estimated from Z; using bias correction regression equation,

Foor = estimated as Zoop - M.

SPR, = SPR estimated for discard mortality = 0.0.

SPR;; = SPR estimated for discard mortality = 0.20.

SPR,, = SPR estimated for discard mortality = 0.33.
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Table 5. Mortality rate and Spawning Potential Ratio (SPR) estimates for Gulf of Mexico red grouper derived from catch curves fitted to the 1986-1989
and 1990-1992 caich age composition estimated from several different growth models and assuming natural mortality (M) is 0.20.

1986-1989 Length 1990-1992 Length
Composition of Combined Harvest Compasition of Combined Harvest
Predicted Ages Bias Corrected Predicted Ages Bias Corrected
Growth — —---mmscsiecieneen e e e bbbl et bt
Equation Z F,  SPR; I Fm  SPR, Z, F\, 5PR;  SPRy  SPRy Im Fux SPR, SPRyg SPRy

0 0.13% 0.375 0.282 0.082 0.527 0.512 0.503 0.453 0.253 0.416 0.356 0.322
0 0.086 0.523 0.316 0.116 0.423 0.411 0.403 - - - - -
. 0. 0.291 0.227 0.402 0.202 0.29% 0.290 0.284 1152 0.952 0.167 0.121 0.099
.257 0.199  0.548 0.348 0.203 0.500 0.300 0.227 0.212 0.202 1.545 1.345 {Q.130 0.089 0.071
g 8.214 0.246 0.392 0.192 0.291 8.279 0.272 (.66l 0.461 0.281 0.218 0.185
0 0 0
0 0 0

MOE 63-64 0.313 0

COM 80-81  0.291 0

REC 80-81 (.436 0

REC 91-93 ©G.457 0

BLL 91-93 0.356 0.1%6
9 209 0,278 0.395 0,195 0.281 0.269 0.262 0.678 0.478 0.275 0.219 0.189
0 202 0.222 0.488 0.288 0.183 0.170 0.161 0.672 0.472 0.278 0.200 0.162
] 230 0.266 0.377 0.177 0.326 0.315 0.309 0.803 0.603 0.234 0.182 0.155

HDL 91-93 0.371
TRP 91-93 (.374
ALL DATA (.380

Z, = estimated from slope of catch curve fitted to ages predicted from observed lengths using the indicated growth equation.
F, = estimated as Z; - M.

Zoor = estimated from Z, using bias correction regression equation,

Feon = estimated as Zoq5 - M.

SPR, = SPR estimated for discard mortality = 0.0.

SPR,, = SPR estimated for discard mortality = 0.20,

SPR,, = SPR estimated for discard mortality = 0.33,
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Table 6. Mortality rate and Spawning Potential Ratio (SPR) estimates for Gulf of Mexico red grouper derived from catch curves fitted to the 1986-1989
and 1990-1992 caich age composition estimated from several different growth models and assuming natural mortality (M} is 0.25.

1986-1989 Length 1990-1992 Length :
Composition of Combined Harvest Composition of Combined Harvest
—--P;éa1cted Ages Bias Corrected Predicted Ages Bias Corrected
Growth B R e T N PR P PP L e
Equation Z, F. SPR, I Fam  SPR Z, F. SPR, SPR, SPRy o Fum  SPR,  SPR, SPRy

MOE 63-64 0.313 0.063 0.575 0.335 0.085 0.560 0.282 0.032 0.789 0.781 0.775 0.453 0.203 0.532 0.470 0.434
COM B0-81 0.291 0.041 0.709 0.286 0.036 0.777 0.316 0.066 0.633 0.623 D[.616 - - - - -

REC B0-81 0.436 0.186 0.314 0.491 0.241 0.315 0.402 0.152 0.426 0.416 0.409 1.152 0.902 0.213 0.158 0.130
REC 91-93 0.457 0.207 0.290 0.548 0.298 0.277 0.500 0.250 0.313 0.295 0.284 1.545 1.295 0.165 0.116 0.092
BLL 91-93 0.356 0.106 0.460 0.414 0.164 0.363 0.352 0.142 0.424 0.412 0.404 0.661 0.411 0.360 0.2B8 0.249
HDL 91-93  0.371 0.121 0.414 0.409 0.159 0.401 0.295 0.145 0.410 0.398 0.290 0.678 0.428 0.351 0.287 0.252
TRP 91-93 0.374 0.124 0.393 0.402 0.152 0.343 0.488 0.238 0.269 0.253 0.242 0.672 0.422 0.361 0.270 0.224
ALL DATA  0.380 0.130 0.410 0.430 0.180 0.3/8 0.377 0.127 0.470 0.459 0.452 0.B03 0.553 0.299 0.238 0.205

Z, = estimated from slope of catch curve fitied to ages predicted from observed lengths using the indicated growth equation,
F, = estimated as Z, - M.

Zoor = estimated from Z, using bias correction regression equation.

Feop = estimated as Z.og - M

§PR, = SPR estimated for discard mortality = 0.0.

5PR;, = SPR estimated for discard mortality = 0.20.

SPR,, = SPR estimated for discard montality = 0.33.
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Table 9. Estimates of yield per recruit (YPR), yield and spawning potential ratio (SPR) for Gulf of Mexico red grouper with a 16 inch minimum size for several
growth models at three levels of natural mortality (M), three levels of discard mortality, and two levels of fishing mortality rates. The estimates assume
equilibrium conditions and the 1979-1989 recruitment estimated for respective growth equation.

T

M= 0.15
1986-1989 Fishing Rates 1990-1992 Fishing Rates
Discard 0.00 Discard  0.20 Discard 0.33 Discard  0.00 Discard  ©.20 Discard  0.33
femee e cmmeemmemesecas  mmmemmcmmmmmmmmmce=  mmmmmmmmmmmm-mmeammes e mmememmmmmmmemmmmee e eemscescasmmmmmmmm= meameeemm----—a P
Growth Mode] YR Yield 2SPR YPR  Yield ¥SPR YRR Yield %SPR YPR  vield 2SPR YPR  Yield ISPR YRR Yield %SPR
MOE 63-64 1.892 10.02 30.84  1.79 951 29.27  1.73% 9.19 28.30  1.952 10.34 18.66  1.795 G8.50 17.15  1.699 9.00 1624
COM 80-81 1519 043 39.38  1.467 9.11 38.01  1.438 8.90 37.14 - : . i . : - Pl
REC 79-80 2.817 10,41 20020  2.668 986 1914  2.5/5 952 1848  2.466 9.11 52 2121 7.8 4.5  1.924 7.11 4.10
REC 91-93 37024 10039 1819 2,872 987 17.27  2.778 9.55 16.70  2.398 B.24 3.60  2.045 703 3.05 1.846 6.34 274
BLL 91-93 5753 10.72 2230  2.567 9.99 20,87  2.452 0.55 10.94  5.581 10.05 10.07  2.262 BBl 8.8  2.077 B.09 6.09
HDL 91-93 2'805 1045 24.31 2648 086 2204 2551 950 22.00 2.607 9.71 1058  2.325 B.66 943  2.158 8.04 875
TRP 01-03 2229 10,75 20,25 2,148 9.92 1866 203 041 17.69 2171 10.03 7.84  1.851 855 6.67 1.670 7.71 601
ALL DATA 2886 1028 23.07  2.357 09.74 21.87 2276 941 21.12 2.339 967 833 2.074 858 7.43 1919 793 688
M=0.20
1986-1989 Fishing Rates 1990-1992 Fishing Rates
Discard  0.00 Discard  0.20 Discard  0.33 Discard  0.00 Discard 0.20  Discard 0.33
Growth Mode] YPR  Yield %SPR YPR  Yield %SPR YPR  Yield %SPR YPR  tield ¥SPR YPR  Yield %SPR YRR Yield SPR
MOE 63-64  1.134 9.32 4549  1.092 B.98 43.79  1.065 8.76 42.72  1.340 11.02 27.56  1.250 10.27 25.68  1.194 .82 24 &4
COM 80-B1 07700 #83 5836  0.773 B.64 57.07 0762 8.51 56.24 : : : : : : : ol o
REC 79-80 20039 1000 28.62 1946 954 27.31  1.888 926 26.50 1.992 9.77 7.47  1.727 8.47 6.47 1.574 7.72 589
REC 91-93 27222 1006 2546  2.125 9.61 24.33  2.064 9.34 23.62 1.95] B8.83 505 1674 7.5 431  1.817 6.8 389
BLL 91-93 1951 10002 32.82  1.881 9.47 3100 1.813 912 29.88  2.082 10.48 14.79 1849 930 1312 1.712 8.6l 1215
HDL 91-93 1,971 987 3509 1881 042 33.49 1.8%5 §.14 32.49  2.05 1031 1530 1.855 .29 13.78  1.735 B.69 17.88
TRP 91-93 1,677 90l 3079 1672 029 28.84  1.507 8.91 27.64 1.772 10.47- 11.98 1.5 0.07 10.36 1.398 8.27 942
ALL DATA 1721 979 3312 1647 037 3170  1.601 11 3080 1824 1038 12.07 1.632 0.29 10.80 1.519 864 1004
M- 0.25
________________ 1986-1989 Fishing Rates 1990-1992 Fishing Rates T
Discard  0.00 Discard  0.20 Discard  0.33 Discard  0.00 Discard  0.20 Discard  0.33
Growth Model YPR  Yield $SPR YPR  Yield %SPR YPR  Yield ZSPR YRR Yield %SPR YPR  Yield ¥SPR  YPR  Yield ZSPR
MOE 63-64  0.587 B.68 6319 0573 8.47 61.70  0.564 B8.34 60.75  0.885 13.09 38.33 0636 12.37 36.23 0806 11.93 34.93
COM 80-81 00272 827 8124 0270 819 8048 0268 6.14 B80.00 . : . - : : - R
REC 79-80 1,432 060 38.24 1.378 924 3679 1.344 901 3588  1.605 1076 10.00  1.402 9.40 8.73  1.285 8.6l 800
REC 91-93 1’600 .73 3368 1539 0.36 32.40 1.501 9.13 31.59 1.586 965 671  1.360 833 576 1.248 758 622
BLL 91-93 1361 637 4520 1304 897 43.35  1.267 B.72 42.14  1.660 11.42 20.45  1.493 1027 1839  1.394 959 1716
HDL 91-93 1305 933 47.76  1.260 0.00 46.00 1.231 B8.80 4504  1.607 11 48 20.86  1.465 1047 1900  1.379 985 17.89
TRP 01-03 1134 914 4395 1.080 B.71 41.84 1047 B 43 4052 1430 1i.53 17.18 1.258 10.14 1509 1158 9.33 1387
ALL DATA 1135 932 44856  1.09 9.01 4334 1072 B.81 42.38 1412 11.60 16.38  1.276 10.48 14.79 1194 981 13.85



Table 10. Estimates of yield per recruit (YPR), yield and spawning potential ratio (SPR) for Gulf of Mexico red grouper with a 18 inch minimum size for several
growth models at three levels of natural mortality (M), three levels of discard mortality, and two levels of fishing mortality rates. The estimates assume
equilibrium conditions and the 1979-1989 recruitment estimated for respective growth equation.

M= 0.15
''''''''''''''''''' 1986-1989 Fishing Rates T 1990-1992 Fishing Rates
Discard  0.00 Discard  0.20 " Discard  0.33 Discard  0.00 Discard 0.20 Discard 0.33
e e e e e e mmamee | mmmmememsamemmmsecmmm= ammmemmmmmmmmmmm=m== | ArRmmemmemmsssmearmam=  memmemmmmmmememmmmmmmw=  mememmmmmm———-—- F -
Growth Model YPR  Yield %SPR YPR Yield %SPR YRR Yield %SPR YPR  Yield %SPR YPR  Yield ¥SPR YPR  Yield %SPR
WOE 63.64 193 1027 36.04  1.782 9.43 33.15  1.687 B.93 31.40  2.058 10.69 23.83 1.795 0950 20.84  1.643 8.70 19.11
COM 80-81 1502 932 2430 1415 B&.78 41.76  1.361 B.45 40.19 - : : - : : : A
REC 79-80 2373 10099 2410 2718 10,04 22.03 2550 946 2077  2.789 10.31 8.12  2.170 B.02 6.36  1.846 6.87 5.43
REC 91-93 5379 1125 5215 20982 1025 2021 2,808 065 1904 2932 10,08 6.38  2.165 7.44 4737 1781 6.12 3.9
BLL 91-93 3811 1154 5743 5600 1013 2454 2417 941 2283  2.B45 1108 1445 2301 896 11.74  2.005 7.8l 10.27
HOL 91-93 5964 1104 2899 2697 10.04 26.40 2.5 0945 24.85  2.887 10.75 14.74 2393 891 12,27  2.119 7.89 10.90
TRP 91-93 5268 1140 %668 2145 991 2325 1958 9.04 21.26  2.39 11.07 12.93 1815 838 9.89  1.516 7.00 B.32
ALL DATA 5603 10.76 2747  2.380 .84 7514  2.245 028 2373  2.590 10.71 12.08 2117 875 993  1.858 7.68 B.75
M =0.20
"""""""""""""" 1986-1989 Fishing Rates T 1990-1992 Fishing Rates
“Discard  0.00 Discard  0.20 Discard  0.33 Discard 0.00 Discard 0.20 Discard 0.33
Growth Model YPR  Yield %SPR YRR Yield %SPR YPR  Yield %SPR YRR Yield %SPR YRR Yield ¥SPR YPR ¥ield ¥SPR
WOE 63-64 1112 912 5095  1.086 8.60 47.94 1005 B.26 46.089  1.353 1112 33.77 1207 9.92 30.21  1.121 9.22 28.10
COM 80-81 0747 8.3 62.86 0719 8.04 6056 0702 7.84 59.11 - : : - : : - o
REC 79-80 2095 1027 3323 193 951 3078 1843 004 2028  2.197 1077 11.25  1.732 8.49 8.93  1.48s 7.28 7.70
REC 91-93 2343 1060 3023 2160 978 27.91  2.049 0.27 2650  2.324 10.52 8.76 1.736 7.85 662  1.438 6.5l 5.54
BLL 01-93 5021 10017 3868  1.845 0928 3535 1738 .75 33.34  5.206 11.10 2045  1.821 917 16.98  1.609 8.10 15.05
HOL 91-03 5009 1006 4043 1862 5.3 37.50  1.772 6.87 23572  2.901 11.02 2063 1858 0230 17.40  1.664 833 15.71
TRP 91-03 1675 990 3838 1497 885 3438  1.391 822 3201 1.845 10091 1876 1436 B 49 1474 1221 7.22 12.63
ALL DATA 1748 992 3851 1620 9.22 3553 1845 8.79 33.89  1.95 11.13 16.88  1.624 ©9.24 14.09 1440 819 12.54
M=0.25
"""""""""""""" 1986-1989 Fishing Rates 1990-1992 Fishing Rates .
Discard -6-607 Discard 0.20 Discard 0.33 Discard 0.00 Discard 0.20 6%&&5;3.-_6:55--
Growth Model YPR  Yield %SPR YRR Yield %SPR YPR  Yield %SPR YPR  Yield %SPR YPR  Yield %SPR YR tield ¥SPR
WOE €3.64 0550 814 67.86  0.520 7.83 65.31 0616 7.64 63.71  0.855 12.64 4509  0.780 1154 41.24  0.735 10.87 38.92
COM B0-81 0246 7.47 8380 0242 7.36 B2.51  0.240 7.28 B81.68 : : : g : : ! oS
REC 79-80 1432 960 4327 1343 0900 4061  1.288 B.64 38.97  1.726 11.57 14.73  1.378 9.24 1184  1.192 7.99 10.29
REC 01-93 1623 10000 3501 1533 032 3643 1465 8.9] 34.85 1840 1119 1136 1.300 846 B.70 1160 7.06 7.33
BLL 91-93 1327 913 5135 1237 851 4703 1182 8.13 45.83 1690 11.62 27.27  1.425 9.80 23.11 1276 878 20.76
HOL 91-93 1284 918 5319 1712 866 50.23  1.167 B8.34 48.40  1.660 11.86 2724 1426 10.19 23.50  1.292 9.23 21.36
TRP 01-03 1067 860 5184 0081 7.00 47.73 D928 7.48 45.24  1.406 11.33 2556  1.124 9.06 20.64  0.973 7.84 17.98
ALL DATA 1113 915 2016  1.051 644 47.38  1.012 B8.32 4567  1.468 12.06 22.25  1.238 10.17 18.85  1.109 9.1 16.95



Table 11. Estimates of yield per recruit (YPR), yield and spawning potential ratio (SPR) for Gulf of Mexico red grouper with a 20 inch minimum size for several
growth models at three levels of natural mortality (M), three levels of discard mortality, fishing mortality rates estimated for the post 20 inch minimum size period.
The estimates assume equilibrium conditions and the 1979-1989 recrvitment estimated for respective growth equation.

M= 0.15
""""" 1986-1989 Fishing Rates o 1990-1992 Fishing Rates ST
Discard  0.00 Oiscard  0.20 Discard 0,33 Discard  0.0D Discard 0.20 Discard 0.3
emeacmAarcscmart—memdees | emmemsemmscmmsmsccsramece || mememmemmemsmeasmsmsammsamma s memsamsafpteemmmemmmemm=m me s msdeemmeanrEAmmm=  emmemememeea-—-— P .
Growth Model YR vield %SPR YRR Yield %SPR YPR  Yield %SPR YPR  Yield %SPR YPR  Yield %SPR YPR  Yield 3SPR
MOE 63-64 1.544 1029 42.54  1.721 9.11 37.83  1.589 B.42 35.06  2.116 11.20 30.67 1.739 9.20 2545  1.530 B.10 22.56
COM 80-81 1430 888 50.90 1306 811 46,65  1.231 7.65 44.08 - : : - : : > e
REC 79-80 3009 1145 28.98  2.714 1003 2551 2489 920 2348  3.102 11.47 12.33 2152 7.96 879  1.700 6.28 7.08
REC 01-03 3435 1181 2629  3.011 1035 23.17  2.765 950 21.34  3.254 11.18 9.62 2132 7.3 653 1624 558 511
BLL 91-03 3023 1177 3380 2,673 1002 2897 2318 002 26.22  3.065 11.93 2058  2.264 882 1550 1861 725 15.92
HOL 91-3 3076 11.45 34.64  2.688 10.01 30.43 2463 017 27.98  3.118 11.61 2020 2388 8.8 1578 2,008 7.48 1342
TRP 31-33 2556 11.80 3451  2.087 964 2850  1.830 B 45 25.18  2.565 11.85 20.12  1.714 7.92 1392  1.321 6.10 11.00
ALL DATA 2675 11.06 3206  2.347 0970 29.06 2,155 8.8l 26.79  2.704 11.55 17.24  7.085 8. 1311  1.725 7.13 11.00
M= 0.20
---------- 1986-1989 Fishing Rates 1990-1695-F;gﬂ;ng Rates T
Discard  0.00 Discard  0.20 Discard  0.33 Discard  0.00 Discard  0.20 Discard  0.33
Growth Mode) YPR  Yield 3SPR YR Yield %SPR YPR  Yield %SPR YR Yield %SPR YPR  Yield %SPR YPR  Yield %SPR
MOE 63-64 1.060 B.71 57.46 0970 7.97 52.77 0915 7.52 49.93  1.324 10.88 41.62  1.123 9.24 3565  1.010 B8.30 32.25
COM 80-81 0672 7.51 68.50 0634 7.09 64.93 0611 683 62.66 : : : : : : ’ s 3.
REC 79-80 2117 1038 3887 1891 027 3487  1.757 86l 32.50  2.374 1l.64 16.68  1.678 8.23 1212  1.341 6.58 0.88
REC 91-93 2400 10,86 3511 2139 9.68 31.44  1.985 B.98 29.27  2.524 1142 12.96 1.680 7.60 894  1.293 585 7.06
BLL 01-03 5005 10,00 4577  1.760 B.86 4041  1.617 B.14 37.98  2.272 11.44 28.07  1.730 8.71 2176 1450 730 18.48
HOL 91-3 5005 10,04 46,66 1.799 0.0l 42.04 1676 B.AD 39.29 2,980 11.47 27.49  1.798 9.01 21,92 1538 770 1895
TRE 91-03 1630 064 47.07 1386 818 4042 1748 7.38 36.62  1.860 10.99. 27.80 1703 7.64 1998 1022 604 16.19
ALL DATA 17727 983 4435 1551 8.83 40.01  1.447 8.23 37.43  2.038 11.50 23.37 1556 B8.85 1818 1306 7.43 15.47
M= 0.25
""""" 1986-1989 Fishing Rates 1990-1992 Fishing Rates
Discard  0.00 Discard  0.20 Discard  0.33 Discard  0.00 Discard 0.20 Discard 0.33
Growth Model  YPR  Yield %SPR YRR Yield %SPR YPR  Yield SPR YPR  Yield %SPR YRR Yield %SPR  YPR  Yield ISPR.
MOE 63-64 0499 7.38 73.15  0.471 6.97 69.35 0455 6.72 66.99  0.796 11.77 53.24  0.698 10.32 47.06  0.641 948 4344
COM 80-81 00200 635 B6.90 0204 6.20 8403 0201 610 83.68 i : : : : : ’ o
REC 79-80 1,402 941 4975 1278 B85 4502 1203 806 42.47 1817 12.14 21.32 1305 875 1578  1.056 7.08 13.02
REC 91-93 1,642 909 44.32 1488 906 40.33  1.395 849 37.94 1055 11.89 1653  1.322 8.04 11.58 1.028 6.25 924
BLL 91-93 1258 865 5836  1.138 7.83 53.08 1067 7.34 49.91 1665 1146 3605 1.307 809 28.78  1.116 7.6 24.60
HOL 91-93 1233 881 59.28  1.135 811 54,77 1.075 7.68 52.03 1662 11.88 35.15  1.340 957 28.73  1.165 832 25.23
TRP 91-93 0.976 7.87 £0.34  0.865 6.97 53.85  0.799 644 5002  1.334 10.75 36.10 00965 7.77 26.96  0.782 6.30 22.38
ALL DATA 1063 8.73 5633  0.977 803 51.98 0025 7.60 4934 1476 1213 2981  1.153 .48 2379  0.983 808 2054
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