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EXECUTIVE SUMMARY

Thefirst records of grouper landings of the west coast of Floridafrom the United States fleet date back to
1880. Annual records are sporadic from 1880 to 1927, but increase in consistency from 1927 to 1950. In
1850, Cuban sailing vessels known as “viveros’ began fishing off Florida. Groupers and other reef fishes
were caught using handlineswith the catch being brought back to Havana. During thissameit isdocumented
that the U.S. red snapper/grouper fishing fleet operated in the eastern Gulf of Mexico. Thisfleet was made
up of sail powered vesselsthat, like the Cuban vessels, were equipped with livewell. Inthe mid 1940'sthe
Cuban fleet, known as the “Flota del Alto” (Deep Water Fishing Fleet) converted to “neveros’, which are
vessels capable of icing their catch. Also, 1940 isthefirst year that catch and effort estimates for the Cuban
fleet were available. Starting in 1950 consistent records of Florida west coast grouper landings and gear
specific operating unitsfor the U.S. commercial fleet were kept. 1n 1955 the Cuban fleet consisted of atotal
of 68 vessels, 6 of which were sail powered and 62 of which had both motor and sail. Handline gear was
still being used and red grouper made up approximately 90% of the total catch. The Cuban Gulf Fleet size
increased from 65 vesselsin 1963 to about 140 vesselsin 1967; in 1967 therewere 267 U.S. operating units.
Although the traditional handline was the gear of choice for both fleets, bottom longline came into general
use by the Cuban fleet about 1965 and remained their principlefishing gear. Estimated total landings of red
grouper fromthewest coast of Floridafor both the U.S. and Cuban fleets peaked at approximately 16 million
poundsin the mid 1950s, but declined rapidly until 1965. After thisyear, perhaps due to the Cuban’s fleet
deployment of bottom longline gear, the landings increased again until 1976, when the Cuban fleet was
expelled from U.S. waters.

Present day Gulf of Mexico red grouper harvested by U.S. fishers are primarily caught in the eastern Gulf
from PanamaCity, Florida, tothe FloridaKeys. Thegreatest part of the present commercia and recreational
harvest is from Tampa southward and about half of the commercial harvest is landed in Tampa - St.
Petersburg area. Commercial landings of red grouper have been separated from other groupers only since
1986. Before 1986 they wereincluded inlandings statistics along with other grouper speciesas*unclassified
groupers’.

Prior to the introduction of bottom longline gear to the U.S. commercial fleet in the early 1980s, landings
of all groupers exhibited a slow decline from about 7.5 million pounds (gutted weight) in 1962 to about 5
million poundsin the late 1970s. Handlines, and power-assisted (electric or hydraulic) reels accounted for
amost al the landings during this period. With the expansion of bottom longline gear in the early 1980s,
total grouper landings increased sharply to about 12.5 million pounds in 1982. This was the predominant
gear employed for red grouper harvest to date. Trapsincreased inimportancein the mid 1980s but contribute
only asmall proportion to the total grouper catch.

Red grouper accounted for nearly two-thirds of the total commercial grouper catch since 1986 and
contributed about 7%2million poundsin 1989. If the proportion of red grouper in the total grouper catch was
the same before species were separated in the landings, then the maximum U.S. commercial harvest for this
specieswas about 8%2 million poundsin 1982 whilethetotal landed yield likely exceeded approximately 16
million pounds in the 1950s . Estimates of the recreational harvest of red grouper are highly variable but
averaged about 2.6 million pounds(ca. 700,000 fish) from 1982-1989, or about 29 percent of thetotal harvest
by weight.

Florida enacted an 18-inch (total length) minimum size for groupersin July 1985. Thiswasincreased to 20
inches in February 1990 after the Gulf of Mexico Fisheries Management Council (GFMFC) established



conservation measures for groupers. These measures included a 20-inch minimum size and a 9.2-million
pound (total weight) commercial quotafor the shallow water groupers (whichincludered grouper) occurring
in the waters of the Gulf of Mexico under GFMFC jurisdiction.

Red grouper landings by commercial fishermen increased slightly in 1986 after the 18-inch minimum size
went into effect. Length frequencies of red grouper sampled from the commercial harvest provide little
evidence that Florida's minimum size had any significant conservation effect on the commercial harvest.
Commercial landings have shown a gradual decline since a current day peak in 1992.

Available data suggest an initial decline in the recreational harvest of red grouper from Florida state
territorial seas after the 18-inch minimum size was established in Florida, however the total recreational
harvest was little affected by this regulation with the bulk of the remaining recreational harvest of red
grouper consisted of fish harvested from the EEZ. Most of these were less than 18 inches in length.

The regulations that became effective in 1990 at least in part, accounted for a 70-percent decline in the
recreational harvest by number and a 41-percent decline by weight from the average of the two preceding
years. Commercial harvest declined by 21 percent in 1990 from the two prior years. However, the decline
could have been lessthan 15 percent if the fishery had not been closed before the quota had been reached.
The effect of the 1990 minimum size is clearly evident in the length-frequency samples from all sectors of
the fishery.

The estimates of 1997 recreational landings are the lowest since 1981. Considering the time since the
introduction of bottom longlines to the U.S. commercial fleet in 1979, the estimates of the 1997 U.S.
commercial landings aredown approximately 55% fromthehighthe U.S. fishery reached in 1982. Estimates
of year and age-specific fishing mortality estimated in this assessment are similar to those estimated in the
previous assessment. All estimates, based on population dynamic models with implicit or explicit stock-
recruitment relationshipsimposed, indicate that current levelsrelative to estimates of biomass at maximum
sustainableyield (B/Bmsy ) arebelow 1.0- M, indicating that the stock isoverfished. All estimatesof recent
fishing mortality rates relative to the fishing mortality rate at maximum sustainable yield (F/Fmsy ) are
greater than 1.0, indicating that the stock is also undergoing overfishing. Other stock-recruitment
relationships should also be examined in future assessments. Possible measuresthat coul d betakento reduce
fishing mortality on red grouper may require that the speciesis managed as a individual stock, rather than
the current management which considers the stock as part of the larger “shallow-water grouper complex”.



INTRODUCTION

Red grouper (Epinephelus morio) isthe most common species in the commercial and recreational grouper
catch of the U.S. Gulf of Mexico. Most of the fishery for the speciesin U.S. waters of the Gulf of Mexico
occurswithin or immediately to the west of Floridasterritorial sea. Although the species supportsthe bulk
of thegrouper harvest, it hasreceived surprisingly little attention in theform of research or management prior
to the first two assessments (Goodyear and Schirripa 1991 and 1993). The only major study of red grouper
inthe U.S. fishery was by Moe (1969) on material collected inthe early 1960's. Rivas (1970) described the
distribution of red grouper in the Gulf from 1950-1970 experimental sample collections made by the
Exploratory Data Center, Pascagoula, Mississippi. There are descriptions of the fishery of the Y ucatan
Peninsula, Mexico (e.g., Ramirez 1970) where red grouper are also important. Also, anumber of studies of
the reproductive characteristics of the speciesand itsimportance to management exist (e.g., Bannerot 1984).
Richardson and Gold (1993) examined the genetic structure of the stock using mitochondrial DNA.
However, a number of aspects of the life history of the species and its fishery in the Gulf remain poorly
understood or unknown.

Conservation measureswereinstituted in Floridain 1985 and in the EEZ in 1990. The 1985 Florida action
was an 18-inch minimum size and did not extend to the EEZ. The 1990 measures adopted by the Gulf of
Mexico Fishery Management Council included a 20-inch minimum size, 5-fish aggregate grouper bag limit
for recreational fishermen, and acommercial grouper quota. Floridamodified itsregulationsin 1990 to be
in concert with the Federal regulations.

This study is an attempt to integrate existing knowledge about the species with data from the fishery to
develop an evaluation of the current status of the resource. We believe it is auseful step toward that end.

BIOLOGICAL CHARACTERISTICS

DATA SOURCES

Meristic and growth characteristics were evaluated using a composite of length and other measurements of
Gulf of Mexico red grouper that have been collected during research and monitoring programs throughout
theyears. Moe (1969) provides the most compl ete characterization of the speciesin the literature. We aso
employ data provided by Southern Offshore Fishing Association, Inc. (SOFA); other data collected during
the trip intercept portions of the National Marine Recreational Fisheries Statistics Survey (MRFSS); the
NMFS Headboat survey; and samples of commercial and recreational catches collected as part of the Trip
Interview Program (T1P) of the State/Federal Cooperative Statistics Program. A biological profilessampling
program by NMFS Panama City (Florida) Laboratory provided additional sample data. These data sources
were insufficient to describe al of the conversions between various measures needed to standardize lengths
and wei ghtsto common bases, and we requested unpublished datafrom several investigators. The Caribbean
MarineResearch Center (CMRC, P. Colin, personal communication), and FloridaDNR (L . Bullock, personal
communication) supplied additional data to complete the data base used for defining length and weight
conversions. Additional age and growth data for red grouper was provided by the NMFS Beaufort (North
Caroling) Laboratory from the Atlantic Headboat fishery (M. Burton, personal communication) and
University of Florida(C. Koenig, personal communication). Tagging dataof red grouper caught off thewest
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The Florida grouper landings from 1986 to the
present and those of all other states have been
adjusted upward by thisfactor beforeentry into .
the computer files which congtitute the
historical data base for the grouper fishery.
Florida landings prior to 1986 were never
converted from landed to whole weight
(Goodyear and Schirripa 1993).
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measurements from metric to English units
were made with greater precision than the
original measurements to retain the initial
precision. If length conversion was necessary,
the lengths were converted first to inches and
then to total length. The conversion
relationships (Figures 2 and 3) were derived
from data provided by CMRC (P. Calin,
personal communication).

L ength toweight conversions. All weightsof
landings in this document are reported as
pounds, gutted weight. Many of the original
weight measurements of individual fish were
recorded in kilograms. Conversions from
metric unitsto poundswas donewith sufficient
precision to maintain the precison of the
original measurement.

Since lengths were more commonly measured
thanweights, it was often necessary to estimate
weights from lengths. The propensity for
samples to be measured in a particular unit
varied among the fisheries sampling program.
For example, headboat length samples were
recorded as mm total lengths while MRFSS
samples were in mm fork length. Where
required, total lengths from the headboat
survey were first converted to pounds total
weight fromtherelation of Figure4 and thento
gutted weight using the relation of Figure 1.

The TIP samples were used to establish the
relation between fork length and gutted
weight (Figure 5) and total length and gutted
weight (Figure 6). These two regression
equations were used to assign weights from
lengths for the commercial samples as
appropriate. MRFSSintercept samplesrecord
lengths as fork length. Consequently, the
MRFSS lengths were converted to gutted
weight using the equation of Figure 5, as
needed.

REPRODUCTION
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Figure 4. Total weight as a function of total length fromlength
and weights collected by the NMFS headboat survey.
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Figure 5. Relation between gutted weight and fork length for red
grouper sampled from Gulf of Mexico commercial landings.
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Figure 6. Relation between gutted weight and total length for

red grouper sampled from Gulf of Mexico commercial landings.
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Moe (1969) found that grouper off the west coast
of Florida reach peak spawning in late spring;
i.e, March to May. He aso found no
histological evidence to suggest that individuals
spawned more than once a season; in fact early
egg developers may retain their eggs for several
months and spawn in late spring. 1n more recent
work, Koenig (1993) concluded, based on oocyte
diameters, that red grouper are batch spawners,
releasing their complement of eggs over a
protracted spawning season.  Furthermore,
neither egg diameter analysis nor back-
calculation of spawning dates from otoliths
revealed any indication of multiple annual
spawning for the species. Gonadosomatic
indexes (GSI=100*(gonad weight/total body
weight) showed peaksin Mach thru May. GSlIs
by day of year from Koenig (1993) and mean egg
diameter by month from Moe (1969) are shown
inFigure?.
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Figure9. GS (Koenig 1993) and mean egg diameter (Moe
1969) for red grouper as a function of day of year.

The estimation of potential recruit 2500
fecundity * (required for estimation of 2250
SPR) ismost accurately made based on
the reproductive capacity of thefemale
immediately prior to spawning
(Goodyear (1989) noted that the
estimation of potential recruit fecundity
posed aproblemfor speciesthat change
sexes during their life history).
Towards this end, an estimation of
gonad weight as a * function of total
length was made using all available
data from female red grouper sampled —
in the months March, April, and May
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development (although atretic gonads
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are generally viewed as post-spawning Figure 8. Gonad weight as a function of total length using only

condition, very few were present in the
analysis).  Anaysis of this data
revealed that there existed alargerange
of gonad weightsfor any given length observation.

maximum gonad weight and all points. Insert plots ratio of
successive pointsfor both functions, indicating the rates of increase
nearly identical.

This could have resulted from the gonads being sampled

! Potential recruit fecundity is the expected lifetime production of eggs by the average female in the population in
the absence of density-dependent suppression of growth or mortality. It isassumed that sufficient males will always

be present.




within a wide range of hydration stages. Given
these observations two fecundity functions were
derived (1) using the maximum gonad weight for
each of ten, three inch length intervals; (2) using
all data points that fit the month/stage criteria
outlined above (Figure 8).

When using a fecundity function to estimate age
specific fecundity for such parameters as SPR or
astock-recruitment relation, itisnot necessary that
the absol ute estimate of fecundity be accurate but
rather the relative fecundity between ages be
accurately depicted. This means that if two
competing fecundity functions have the same
shapethen either can be used as both will resultin
similar SPR estimates for a given survivorship
profile. To determine if the two fecundity
functionsin Figure8 had similar shapesweplotted
the ratio of the of estimated gonad weights
between successive lengths using all data, against
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Figure 10. Sexratio as a function of length for red
grouper in 1964 (from Moe 1969).

those estimated using the maximum gonad weight data. The plot of these ratios indicated high
correspondence in shape since values were essentially on the 1:1 ratio line (Figure 8, inset). Given this
result, estimates of SPR and stock-recruitment relations for any given survivorship profile will be nearly
identical regardless of which fecundity functionisused. For thisassessment, thefunctionfit to all available

data points was used when estimating fecundity.

Examination of the maturity schedule by length
and age (Tables 1 & 2) could lead to severd
conclusions regarding the timing of sexua
maturation for red grouper. There does not
appear to be a minimum length or age at which
the magjority of females (during the peak
spawning months of March though May) are
found to be in the later stages of maturity. One
possible explanation for this is that not al
females spawn during any given year. Another
explanation may bethat femal esdevel op and cast
their compliment of eggsduring only avery short
timeinterval, and that thistimeinterval makesup
only a small fraction of the entire spawning
season. The first observation of 100% mature
femal e was made at fish age 4 and total length of
450-499 mm, although thisobservation wasonly
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Figure 11. Sexratio as a function of length for red
grouper in 1992 (from Koenig 1993).



Koenig

Proportion Female
Proportion Female

Age

Age

Figure 13. Proportion female and fitted function  Figure 14. Proportion female and fitted function for
for red grouper collected in 1964 (Moe 1969). red grouper collected in 1992 (Koenig 1993).

madeup of 5fish. Thenext observation of 100%
maturity was made for fish age 5 and total
length of 400-449 mm, but this observation was
made up of only 2 fish.

Moe + Koenig

Grouper are among those species which have
adopted a reproductive strategy involving sex
change (e.g., Bannerot et al. 1986, Ghorab et al.
1986, Shapiro, 1986). Red grouper are
categorize as protogynous hermaphrodites,
whichfirst mature asfemal esand then changeto
malesat an older age. Shapiro (1984) pointsout
that there is no direct evidence to suggest that
females change sex upon attaining a particular Figure12. Prpportion f_emale and fitted function for

size, age, or stage of development. However, it red grouper using combined data sources.

is thought that the stimulus to change sex is

controlled in part by social interactions that are inherently density dependent. The percentage of male,
female, and transitional (female in the process of turning male) by length category from Moe (1969) and
Koenig (1993) areshownin Figures 10 and 11, respectively. Thevaluesfor thesefiguresaregivenin Table
3.

Proportion Female

Age

The percent females by age for the two above mentioned studies are shown in Figure 16. A function to
describethe percent femal e by age was cal culated from Moe (1969) (Figure 12), Koenig (1993) (Figure 13),
and the two data sets combined (Figure 14). Therates of change for the two data sets are given in Table 3.
We used function fit to the combined data to represent therate of changefromfemaletomale. Thisratewas
then multiplied by the estimated gonad weight to arrive at an estimate of total fecundity (Table 4).

GENETIC STOCK STRUCTURE

Richardson and Gold (1993) used restriction length polymorphism (RFL P) to estimate evol utionary effective
female population size Ny, in red grouper from the Gulf of Mexico. Effective female populationsizeisa
measure of the genetic diversity within that particular stock of fish. Richardson and Gold report a Ny value
for red grouper of 10,000, but no confidence intervals are given for the estimate.
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FOOD HABITS

While not examined quantitatively, Moe (1969) noted the stomach contents of several specimens of red
grouper. Food items consisted of small fish of many species, crabs (notably Portunus and Calappa),
panulirids, scyllarids, shrimps, octopuses, squids, and unidentified crustaceans.

Bullock and Smith (1991) report findings on the diet of juvenile red grouper (18-25 mm) from Tampa Bay
to consist of avariety of shrimp and amphipods. Larger individuals(300-500 mm) captured south-southwest
of Ft. Myers during November 1987 regurgitated the following invertebrates: an octopus, various shrimps,
and hermit crabs. Regurgitated fish included belted sandfish, tomtate, blue goby, yellowhead jawfish, and
cardinal fish. Thisreport goeson to cite work done by Hildebrand (1941) in the Dry Tortugas. Thesefish
consumed fishes, octopuses, and crustaceans (including spiny lobster, shrimps, and stomatopods).

Food habits of juvenile red grouper from Campeche Bank, Y ucatan, Mexico was reported by Brule et al.
(1993). The stomach contents of atotal of 163 fish were examined for contents. Of thetotal prey items, the
dominant species was true crab Pilumnus dasypodus. In terms of relative importance, preferential prey
consisted of reptant crustaceans, anomurans, and brachyurans. No size related preference nor regional
variation was evident in the feeding habits.



GROWTH

Traditionally back-calcul ation of size-at-age from hard parts such as otoliths have been used to describe the
growth red grouper (Moe 1969; Stiles and Burton 1994; Goodyear 1994; Johnson and Collins, 1994),.
Goodyear and Schirripa(1991) noted that Gulf of Mexico red grouper werelarger at age than found by Moe
(1969) in the early 1960's. Thiswas later verified by several other studies of red grouper growth (Eklund
1992; Goodyear and Schirripa 1993; Johnson and Collins, 1994). This apparent change in growth led to the
use of atime-corrected growth model based on the von Bertalanffy growth equation to estimate the age
composition of the catch (Goodyear and Schirripa 1993). Despite the use of the time-corrected growth
model, virtual population analysis methods applied to the resulting catch at age data (Powers and Restrepo
1991) lead to awide range of conclusions concerning the overall status of the stock (Goodyear and Schirripa
1993). It was later ascertained that size selective sampling within the fishery due to minimum legal size
restrictions and various gear selectivities result in non-random sampling, which in turn can give rise to
erroneous conclusions concerning growth (Goodyear, 1995). Because the vast majority of age and growth
data used to assess the reef fish fisheriesis from fishery-dependent sources, thislead to the conclusion that
further verification of growthin al reef fish species was needed. In this section we describe growth of red
grouper by estimating parameters of the von Bertalanffy growth equation from release-recapture
observations. These estimates of growth are then compared to those estimated from various hard-part and
back-cal culation analyses.

Mote Marine Laboratory's(MML) Reef Fish Tagging Program encompasses astudy areain the eastern Gulf
of Mexico which extendsfrom Pensacolato Naples, Florida. Most of the fish tagged were gag, red grouper,
and greater amberjack. Volunteer taggersincluded biologists, charter boat captains, head boat personnel,
aswell asrecreational and commercial fishermen. Two hundred twenty individual s have tagged at |east one
fish since October 1990; however, an active core group of approximately 30 fishermen has contributed the
bulk of the tagging data. All fish were caught by hook and line. Before release, each fish was tagged with
asinglebarbed Hallprint plastic dart tag, inserted at an angle under the anterior portion of the spinous dorsal
fin. Information on the tags included the tag number printed twice (once near the barb and again at the end
of the streamer), MML's mailing address, and an 800 telephone number. Data recorded for released fish
included tag number, species, date, |ocation (latitudeand longitude, within 5 nautical miles), water depth (ft),
fork length (in), gear type, bait, whether the abdomen wasvented, and the condition of thefish beforerel ease.
Data collected from recaptured fish included the tag number, species, recapture date, location (within 5
nautical miles), water depth (ft), fork length (in), gear type, bait, overall fish condition, condition around tag
insertion site, and whether the fish waskilled or re-released. Tag return information was obtained by mail
or through direct tel ephone conversations with participants.

Red grouper otolith data available for this study were from samples collected from the Gulf of Mexico
recreational and commercial fisheries and analyzed by either Moe (1969), Johnson and Collins (1994), or
T. DeBruler (pers. comm., Mote Marine Laboratory) for age determination. Lengthswere converted to total
length (TL) using the conversions presented in Goodyear and Schirripa(1993). All ageestimateswerebased
on annuli counts.

The von Bertalanffy growth equation,

L = L(1 - exp(-K(t-t))) D

where L is total length, L, is the asymptotic length, K is the rate at which L, is reached, and t, is the
(theoretical) time at which the fish would have had zero length, was rearranged and t, dropped as follows:
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LreI = L4 - (L4 - chap) exp(-Kt) (2)

where L 4 istotal length at release, L, istotal length at recapture, andtisthetime at large. Datawere
fitted to thismodel using the method described by Fabens (1965) and the SASNLIN (SAS 1989) procedure.
Only those fish that were at large long enough to express positive growth were used in the calculations.
Equation 2 estimates L, and K of the of the von Bertalanffy equation, and describes the curvature of the
growth function. The value of the third parameter of equation 1, t,, was estimated by minimizing the sum
of squaresof the deviations between the growth curvesestimated from the otolith dataand the recapture data,
thus maximizing agreement. Age at recapture was then estimated asthe age at release plusthe timethefish
was at large.

Location of the release and recapture sites for red
grouper are shown in Figures 15. From October 6,
1990, through December 1, 1994, 2,933 red grouper |
were tagged and released. Return rates 14.6% for |-
red grouper.

Totest for potential percent of error in measurements
of returned fish, the size of recaptured fish at large
for less than 30 days was compared to their size at
release for all these species. It was assumed that
these fish would exhibit little or no discernable
growth within that time, consequently both
measurements should have been approximately the
same. Of 161 grouper (red or gag) with less than 30
days of freedom, 4 (2.5%) were reported to vary in -
size by greater than 25 mm.

Figure 15. Locations of Mote tag-recaptured red
Two von Bertalanffy growth equations were either  grouper used to describe growth.
estimated or considered in this study: (equation 3) a
rel ease-recapture growth curve for red grouper based on this study;

L = 43.74(1-exp(-0.116(t+0.532))) (3)
and an otolith based growth curve for red grouper (Goodyear 1994, "al data') (equation 4)
L = 31.81(1-exp(-0.21(t+0.30))) 4)

The parameters of each of the above equationsareininches, total length. The estimated sizeat agearegiven
in Table 4.

A very strong agreement exists between the curvature of the two lines the fitted von Bertalanffy growth
curvesfor therel ease-recapture dataand pool ed otolith data (Goodyear 1994) for red grouper, which suggests
that the observed rings in the otoliths are annuli. (Figure 16). The proportional error in the estimated size
at age from the two growth curves are shown in Figure 17. The zero line represents the recapture growth
curve and the symbol s represent the deviation in size-at-age of the otolith growth curve from the recapture
growth curve. The greatest deviation occurred at age 11 (-10.62%) and the |least deviation at age 6 (0.51%).
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The majority of red grouper observed in

1000

the fishery range from approximately age OTOLITS — —
5 to 8. In this range, the 7 | RECRPIURE —
maximum deviation occurred at age 8 (- g0 | L

4.45%). Growth predicted by the two red
grouper growth curves compared very
favorably with athird data set of observed
ages. These ages were estimated from
otolith examination and were not used to
estimate either growth curve.

600

400

200 -

TOTAL LENGTH (MM)

If theringsthat were assumed to be annuli
included such marks as spawning checks
(i.e. severa ringsbeing formed each year)
the two estimated growth curveswould be
radically different. Mainly, the agreement AGE

exhibited between the two curves adds ) ) )

confidence to the esimate of the Figurel6. Estimated growth curve from otoliths and tag-
parametersL, and K. What theagreement ~ "ecapture data for red grouper.

does not addressis the confidence around the estimate of t, (i.e. the position of the growth curve relative to
the X (time) axis.

One source of potential biasin the release-recapture data comes from the fact that fish that are lessthan the
minimum legal size are more likely to be part of the release-recapture data set than those greater than legal
size. Thisisdirectly oppositeto the situation encountered in the usual backcal culation proceduresthat uses
fishery dependent data. In the later situation, undersized fish are commonly not retained and thus absent
from the age samples. This can lead to a"Lee's phenomena” (the phenomenon of back-calculated lengths
for agiven age group being smaller the older the fish from which they were cal culated) which tendsto over-
estimate the size at age for younger fish.

In the case of the release-recapture data
however, the bias may well be to select o
slower growing individuals which would

tend to underestimate growth of younger .

fish. In the case of gag, release-recapture /\\

.
54 OTOLITH ——

estimatesyielded estimates of growth that
were faster in the younger ages than did
the hard-part estimates. However, in
greater amberjack and red grouper
estimates of growth via release-recapture
were in fact slower than those estimated
from hard-parts in the younger ages

PROPORTIONAL ERROR (%)

(Schirripaand Burns 1997). Because the CH - A T T
shape of the curves depicting the AGE

proportional error of the two growth Figure17. Proportional error (% disagreement) between the
estimates are so different for each of the estimated otolith and tag-recapture growth curves.

three species, no systematic bias seemsto
exist based on the two methodol ogies used to derive the growth curves.

In summary, we found that both hard-part and rel ease-recapture data are useful meansto estimate growth in
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these three species of fish. Greater confidence BOTTOM LONGLINES

concerning the estimated growth curve may be
able to be obtained if both types of data are
available. Theresultsof thisstudy suggest that the
most recent estimates of growth for red grouper
are accurate and can be used with a reasonable
degree of certainty.

AVERAGE LENGTHS AT DEPTH

40 4 S 0-20 F 20-50 F

MEAN ]

TOTAL LENGTH (IN)

DISTRIBUTION AND MOVEMENTS

95 23.54 353
9% 2Z5.141 20

Moe (1966, and 1969) and Beaumariage (1969) ALL 18.52 4179
concluded from tagging studies and the size and b0 @ ® @ W

age distribution of the harvest that red grouper AVERAGE DEPTH (FATHOMS)

spend thefirst 4-5yearsof their lifenear shoreand  Figure 18. Lengths of red grouper caught by bottom
then migrate into deeper water off-shore upon longline asa function of depth at capture.

reaching sexual maturity. Moe (1969) aso noted

a pattern of inshore movement of red grouper in the summer and offshore movement in the late fall. Rivas
(1970) confirmed the gradient of increasing size with depth from exploratory surveys conducted in the Gulf
from 1950-1970. His data al so suggested a seasonal north-south pattern with a southerly movement of red
grouper in the winter.

Z4.66 67654

We examined the lengths of red grouper landed by various gears as a function of depth at capture from TIP
samples of the commercial fishery during the period 1984-1991 (Figures 18 & 19). Thelineevidentin each
of thefiguresis athree point moving average of the average lengths of red grouper by depth. The samples
from the bottom longline catches show aclear increase in mean lengths of red grouper from about 15 inches
at the shallowest depths (about 5 fathoms) to nearly 25 inches at about 25 fathoms (Figure 18). The
elimination of samples from catches from waters less than 20 fathoms indicates that the bottom longline
fishermen moved further offshore in response to the 20-inch minimum size in 1990.

The same trend of increasing size with depth is
evident for handlines (Figures 19). The 0
distribution of the depths of samples from these
gears also reflects the propensity for fishermen
using handlines to fish in shallower waters than
those using bottom longlines or power-assisted
reels. Fishermen using handlines also appeared to
move offshore into deeper water in responseto the
20-inch minimum size.

HANDLINES

AUERAGE LENGTHS AT DEPTH

40 4 . 0-zo F ZB-58 F

30 4

20 *
760
831

1580

1646
859

These data suggest that a reduction in the catch of

small fish by the commercial sector of the fishery | % 24.80 368 23.62 1500
has in part been accomplished by a movement of ALL 24.57 11434
the fishery to deeper water offshore. However, the bom oW W @
increasein mean lengthsto slightly over 27 inches AVERAGE DEPTH

TOTAL LENGTH (IN)

(FATHOMS)

for waters greater than 20 fathoms in 1990
probably reflects the discard of undersized fish.

Figure 19. Lengths of red grouper caught by
handlines as function of depth of capture.
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Similar analysis was done on data provided from
Mote Marine Laboratory tagging program. These
data represent recreational hook and line fishing off
the west coast of Florida (Figure 20). The same
pattern of increasing size with increasing depth is
evident here as well (Figure 20). The trend in this
data set in probably more pronounced because
fishermen participating in the tagging program
recorded lengths of sub-legal fish as well, as they
where presumably tagging al fish that were brought
into the boat. Because of these mean lengths at
capture are not biased by any minimum size
regulations, the fact that this mean decreases on an
annual basis for both depth categories could be of
some significance. Despite the apparent trend of
increasi ng sizewithincreasing depth, themean length
of red grouper caught in the 20-50 fathom range in
1992 (17.41 inches) is still lessthan the mean for the
0-20 fathom range just two years previous (18.6
inches in 1990).

From this same database, it can be seen that red
grouper were generally recaptured at the same
location in which they were tagged, suggesting that
the species is very sedentary (Figure 21). Two
exceptional animalsdid however travel over 70 miles
while at large. The rate of movement (milestraveled
/| days at large) of tagged/returned red grouper is
shown in Figure 22. As with distance traveled, the
majority of fish had correspondingly zero rate of
movement. But again, there was one exceptional
individual that traveled an averaged of 0.8 miles per

day.
GENERATION TIME

An estimate of generation time (G) for this stock is
needed by the management plan for this species Itis
estimated as

n n
G=[ S aEPN,] / [SEPN, ] (1)

a=1 a=1

where, a = age, n = number of ages in the unfished
population, E, = mean fecundity of females at age a,
P, is the probability of being female at age a, and N,
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Figure 20. Lengths of red grouper caught by
recreational fishers participating in the Mote
Tagging Program.
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Figure 21. Rate of movement (miles traveled/day at
large) of tagged red grouper from Mote Marine
Laboratory tagging program.
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isthe average number of females alive at age ain the absence of fishing, i.e.,

al

N, =N, exp(- SMJ-), ()
j=1

and M, = Natural mortality of females of age awhile they were agej. The maximum age considered was
100 years.

Expression 1 provides the same result for any constant value of N, so the values of N in expressions 1 and

2 are evaluated here on a per recruit basis (N; = 1). Inspection of the equations reveals that the other
important parameters are fecundity and natural mortality. Fecundity per recruit and estimated generation
times for M=0.15, M=0.20 and M=0.25 were 10.7 years, 9.6 years, and 8.7 years, respectively.
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HARVEST TRENDS
HISTORY OF REGULATIONS

Thered grouper fishery isregulated at both the state and federal waters. The state waters on the west coast
of Florida extend 10 miles out from shore and are managed by the Florida Marine Fisheries Commission
(FMFC). Beyond the 10 mile contour is the Exclusive Economic Zone (EEZ) which extends another 200
miles from shore. Fishing in the EEZ is managed by the Gulf of Mexico Fisheries Management Council
(GMFMC). The 20 inch minimum size regulation (in both state and federal waters) of 1990 moved the
fishery into predominately federal waters. Currently, red grouper harvest is regulated by a commercial
shallow-water quota of 9.8 million pounds. This quotais reviewed for modification on an annual basis. A
history of pertinent fishing regulations put forth by both FMFC and GMFMC have been outlined on the
preceding page.

COMMERCIAL HARVEST

Data sources. Landings statistics for commercialy caught grouper were available from 1962 to 1997
(computer filesmaintained by the Fishery Dependent DataGroup (FDDG), Research Management Division,
Southeast Fisheries Center (SEFC), Miami). The U.S. portion of the landings used in this assessment were
separated from foreign catches by a location code in the data file. Also available were records of
commercial catch and effort of the Cuban grouper fishery on the west coast of Florida from 1950 to 1976
(E. Klima, pers. comm.). Groupers were not separated to species prior to about 1986 but were included in
acategory termed "unclassified grouper.” In addition to these data, a reeffish logbook reporting programwas
initiated in 1990 as a part of Amendment 1 to the Gulf of Mexico Reef Fish Management Plan of the Gulf
of Mexico Fishery Management Council (Gulf Council). All trap fishermen and asampl e of other fishermen
landing reeffish were required to report their landings. These datawere used to estimate the distribution of
the total 1990-1997 red grouper landings by gear and area of capture.

As noted el sewhere, the landings data . US GROUPER LANDINGS FROM THE GULF OF MEXICOD
in the files represent a mixture of -
records. The weights recorded for
Florida records prior to 1986 are in
units of gutted weight, whereas all of
the other records in the files were
converted to whole weight using a
factor of 1.18. For the purpose of this
assessment we unconverted the
"wholeweights" back to gutted weight
by dividing the appropriate records by
1.18.
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supplemented by other similar data  Figure 23. U.S. commercial landings of all groupers from U.S
waters of the Gulf of Mexico.
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gathered by the NMFS Panama City
Laboratory's bioprofile sampling program.
Data from these sources
were availablefrom 1984 through 1992, with
afew records for other years.

Temporal trendsin commercial landings.
Because grouper landings were not separated
by species prior to 1986 we are unable to
track red grouper separately before that time.
Total grouper landings from the U.S. Gulf of
Mexico exhibited a slow decline from about
7.5 million poundsin 1962 to about 5 million
poundsinthelate 1970s (Table6, Figure 23).
Handlines and power-assisted (electric and
hydraulic) reels accounted for ailmost all the
catch prior to the introduction of longlinesin
the early 1980s (Figure 25). With the
expansion of the bottom longline gear in the

U5 GROUPER LAMDINGS FROM THE GULF OF MEXICO

] LoneLings l TRAPS
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Figure 24. Total U.S. commercial harvest of groupers
from U.S waters of the Gulf of Mexico by method of
capture.

1980s the total grouper landings increased sharply to a maximum of about 12% million pounds in 1982

(Figure 25). The contribution of fish trapsto

the total grouper catch increased in the mid-1980s but never

achieved alarge share of the combined landings (Figure 25).

Most of the U.S. Gulf of Mexico grouper catch for all species has been landed in Floridaat |east since 1962
(Table 6). The commercial U.S. catches of red grouper since 1986 are amost entirely landed in Florida
(Table5). Red grouper also make up alarge proportion of the total grouper landings since 1986 (Figure 23,

Tables 5). However, the relative

dominance of the various grouper " RED GROUPER LANDINGS OFF FLORIDA WEST COAST

species vary by state and year (Tables
8-35).

16 M

A very substantial portion of the
commercial harvest in the 1950's is
attributable to the Cuban grouper
fishery operating off the west coast of
Florida at that time (Figure 25). The
Cuban fishing effort was directed at
red grouper, which constituted
approximately 90-percent of the total
catich (Abascal 1968, as cited in
Tashiro et a. 1977). The principle
gear used was bottom longline. .
Estimates of harvest during this time
period ranged

MILLIONS OF POUNDS

T S e

OcUBAN LANDINGS
US LANDINGS 75 VR

| [ 507

" HANDLINE

e adqinddaddadeladeleddatd srd dad plad elod el bl fnd glad gl el d el el e b ey
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Figure 25. Estimated commercial landings of red grouper from
Florida West Coast since 1950 and method of capture since
1986.
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from 7 to 13 million pounds; approximately double the U.S. landings for the same time period. In the 1960's
the Cuban catch dropped off to approximately 2-3 million pounds per year and then increased again in the
1970'sto 4-5million pounds, very closeto the U.S. landing estimatesfor that time. None of the Cuban fleet's
catch of grouper were exported, but rather remained in that country for domestic consumption. The Fishery
Conservation and Management Act of 1976 prohibited foreign countries from fishing within the Fishery
Conservation Zone (extending 200 nautical miles off shore) after March 1, 1977 without a U.S. fishing
permit.

Mississippi and Alabama once landed modest amounts of unclassified groupers many of which were caught
inforeign waters (Table 7). These early landings declined the early 1970s and remain low. Recent grouper
landings from these two states are almost entirely from U.S. waters but most are still not recorded as to
species(Tables6and 7). Itispossiblethat red grouper were an important part of the early grouper landings
from these two states but most of the production was from foreign waters.

Louisiana grouper landings have been significant only since about 1984 (Table 6). A large fraction of
grouper in the Louisiana catch remains unclassified to species (Table 7), but of the more than half that has
been classified since 1986 (Tables 8-35) only a few thousand pounds have been classified as red grouper.
It seems unlikely that red grouper were ever an important part of the Louisiana grouper catch.

Texas grouper landings from U.S. waters also increased about 5-10 fold in the early 1980s over the prior
decade, however the last two years of record (1991 and 1992) show a decrease back to the pre 1980's levels
(Table 5). Large numbers of these groupers also remain unclassified to species (Table 7). However, less
than 500 pounds of those classified to species were classified as red grouper (Tables 8-35).

From these observations, we doubt that red grouper was ever alarge part of the domestic catch of Gulf of
Mexico grouper fishermen west of Florida. It isclear that at the present time amost al of the U.S. Gulf of
Mexico red grouper harvest isfrom Florida (Table 5). Red grouper accounted for an average of 69 percent
of thetotal classified grouper landingsfor the 5 years where they can be separated into species (range 63 to
74 percent). Moe (1969) noted that red grouper composed about 60 to 75 percent of the total grouper catch.
Although he did not specify the period for which this estimate applied, we presume that he was referring to
the period in the early to mid 1960s when his data were collected. These dataindicate that the red grouper
proportion of the total grouper harvest has been relatively constant, at least since the 1960s. Based on this
assumption, we estimate the red grouper catchesfor each year prior to 1986 asthe product of the total annual
unclassified grouper landingsand the mean proportion of red grouper in the 1986-1990 landings (Figure 31).

Trendsin landings by gear. Red grouper are commercially harvested with avariety of gears throughout
the Gulf of Mexico. Based on the grouper fishery as awhole the predominant historical gear among these
are"handlines" (Figure 25). Theseinclude linesthat are operated either manually or with the assistance of
electric or hydraulic power. The landings from all of these gears have been reported under a single gear
code. Consequently, they cannot be partitioned into more discrete categories and are referenced herein as
"power and hand lines." Bottom longlines have been replacing handlines asthe primary gear used to harvest
groupers since the early 1980s.

Thered grouper landingsin the datafileswere already partitioned into gear and grid for 1986 through 1989,
but data since 1990 are only available by month and port of landing. | estimated the spatial distribution of
the 1990-1997 red grouper by gear from the logbook reports. We assumed that the entire trap catch was
reported in the logbooks and the remaining catch was distributed in proportion to the catches reported in the
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logbooks (Table 36). This allowed 2000

partitioning the 1990-1997 catch regpy 190199 - 7

estimated from the Florida Trip Ticket 1000 Z

Program into catch by gear and w *° 7 % Z

location of capture. This permitted 2 ° Toem =

construction of tables of catch by = ™ Zr

location and gear from 1986 through & ™ -

1997 (Tables 36-42). Itisclear from = o 7 @ -

these data that the trend of increased o a0l 9%

use of bottom longline gear continued & | 7

into 1090 when it becamethe principa %, | 7

gear employed for red grouper. L 2 % % £
% 1500 1997 ' FL‘;DA

Spatial distribution. The bulk of the B 1000 are Z

1986-1997 commercial catch of red 500 1 wexas  soursrams é 7 %

grouper was from the eastern Gulf of 0 Z PSS

21 20 19 18 17 16 15 14 13 1110 3 B & 5
Mexico to thewest and south of Tampa GRID
- St. Petersburg, Florida, with adecided Figure 27. goatial distribution of the 1986-1992 average U.S.
peak in grid 5 (Figure 26 & 27; Table  Gulf of Mexico red grouper catch.

36).

Most of the red grouper trap catch through 1989 was in the southern part of the fishery in grids 2 and 3
(Table 36). These fish were landed primarily in Collier and Monroe counties (Table 43), where they
contributed up to half the counties' red grouper landings. Taylor and McMichael (1983) report that red
grouper was the most abundant target speciesin the Collier County trap fishery, making up 91% of thetarget
weight and 73% of the target number. Starting in 1990 however an expanding trap fishery was established
ingrids6 and 7. In 1992 more red grouper were caught in grid 6 than grids 2 and 3. Furthermore, the trap
fishery landed as much fish in Citrus county as it did in Collier that year. The trap catch diminished in
importance in 1990, but landings increased again in 1991 and 1992 to near previous levels. We expect that
some small trap landings had existed in these areas previously but were not coded properly in the landings
files. The other principal gears showed no spatial affinity for a particular subset of the grids from which
most red grouper were harvested (Tables 39 and 40). However, most of the landings in counties north of
Tampa - St. Petersburg were taken with handlines (Tables 38 and 43).

RECREATIONAL HARVEST

Data sources. The recreational harvest estimates for red grouper are derived from a combination of three
sources. The primary data source for the recreational harvest of red grouper is MRFSS, which covers the
period 1981-1997. Thissurvey providesestimates of the numbersof red grouper harvested during bimonthly
periods (waves) by state and mode (shorebound, private/rental boats and party/charterboats), with several
exceptions. There were no estimates of harvest for wave 1 (January-February) in 1981. Texas boat mode
was not sampled from 1982-1984. Texas was not included in the survey from 1986-1988. Party boat
(headboat) sampling was discontinued after 1985 for all waves and states.

The suspension of the party boat sampling by the MRFSS coincided with an expansion of the NMFS
headboat survey conducted by the NMFS Beaufort L aboratory (data courtesy G. Huntsman, SEFC Beaufort

21



Laboratory) to include U.S. Gulf of Mexico ports. These latter data provide estimates of landings by
partyboats for all states after 1985 and constitute the second source of recreational harvest estimates.

The third source of recreational harvest estimates is the Texas Parks and Wildlife Department (TPWD)
coastal sport fishing survey (dataprovided by TPWD). Thissurvey providesestimatesfor numbersharvested
by boat modes, exclusive of party boats, for Texasfor 1986-1992. Harvest by shorebound fishermen hasnot
been included in the estimates since 1985.

The combination of these three sources provided estimatesfor all areas, modes, and periods except for wave
1 of 1981, the 1982-1984 Texas boat modes, and Texas shore modes after 1985. The harvest of red grouper
from the shore is minimal, and no attempt was made to include this missing stratum in the final estimates.

Vauesfor the other missing stratawere estimated from their respective proportional contributionsfor years
when they were sampled. Specifically, the 1981 wave 1 estimates were derived from the 1981 totals using
the mean fraction of the annual harvest that occurred in wave 1in other years. Similarly the harvest by boat
modes in Texas in 1982-1984 was estimated from the gulfwide landings in those years and the average
proportion of the annual gulfwide landings contributed by the Texas boat modes in years when they were
sampled.

Intercept data from MRFSS provide length measurements for samples of fish encountered during the
interviews. These data permit characterization of the length frequencies and weights. Similar and more
extensive datawere gathered in the 1986-1992 headboat survey, and other datawere provided by the TPWD
annual coastal sport fishingsurvey, TIP, andthe NM FSPanamacCity L aboratory bioprofilessampling. These
data sources were pooled to estimate mean weights of landings by fishing mode.

The biomass of the annual recreational harvest was estimated as the sum of the products of the estimated
number of red grouper harvested by mode and the estimated mean weight of the grouper harvested by that
mode during the year. The mean weight of grouper for agiven year was estimated as the mean weight of all
grouper measured during theintercept portions of all surveysfor theyear (Table46). However, if fewer than
50 individuals were measured during the year for a particular mode, then the annual mean weight for all
modes was substituted for the mean weight for the mode. This convention affected the biomass estimates
for shore mode fishermen each year and the other modes in occasional years.

Recreational catch estimates. Red grouper harvest estimates by state, year, and distance from shore are
givenin Tables 44, 45, and 47. These data confirm the impression obtained from the commercia data that
thered grouper fishery isprimarily confined to thewaters off Florida. Theestimatesarehighly variableover
the period but average about 550 thousand individuals and 2.4 million pounds from 1982-1989. The 1990
landings declined about 70 percent by number and 41 percent by weight, primarily asaresult of the 20-inch
minimum size.

It isalso clear from Table 45 the recreational harvest occurs offshore, away from the state inshore waters.
Much of therecreational harvest wasin Floridasterritorial seabefore Floridaenacted an 18-inch minimum
sizeinJuly 1985 ( Figure 28). The numbersof red grouper in therecreational harvest initially declined after
this measure went into effect, primarily in the territorial sea. However, the harvest recovered to about the
prior average in 1989 and 1990, with almost all the growth occurring in the EEZ. Similarly, in 1990 the
catch declined after the minimum sizewasincreased to 20 inches, but arecovery would seem to be underway
as the catch increased the next two years. Most of thisincrease was again in the EEZ.
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As expected from the life history of red
grouper, shore-based fishermen catch a
small fraction of therecreational harvest
(Table 45). Because of survey design,
the recreational harvests from charter
and party boats were combined before
1986. For most years before 1990,
anglers fishing from private or rental
boats accounted for most of the
recreational harvest of red grouper.
However, when the conservation
measures adopted by the Gulf Council
became effective in 1990 the
private/rental component of the harvest
declined sharply while the
charter/partyboat harvest remained
nearly constant (Figure 29). Closer
inspection reveals that the partyboat
sector also declined sharply while the
charterboat harvest remained essentially
constant in 1990 (Table44). After 1990

private-rental boat harvest started to increase again while party and charter vessel harvest remained fairly

constant.

The 1990 conservation measures may have reduced the angler harvest in several ways. The 20-inch

minimum size required a large portion
of the catch to be released, which may
in turn have reduced the motivation to
target the species. In addition, if a
large number of anglers had been
selling their catch, the new
requirement for areef fish permit may
have eliminated part of the
"recreational” effort.

The MRFSS estimates include
estimates of fish that were released as
well asthosethat were harvested. Data
are available for private/rental and
shore mode anglers for harvest and
releases from 1979 through 1992
(Table 45, Figure 30). These data show
that a clearly increasing fraction of the
total catch has been reported to be
released over the time period, from
about 3 percentin 1979 to morethan 91

percent in 1991. There was a slight decrease to about 86% by 1992. However, the estimate of total catch
(including both harvested and released fish) for the yearsfollowing the 20-inch minimum size increased in
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Figure 28. Estimated numbers of red grouper harvested by
recreational fishersin Florida territorial seas and the EEZ,

1981-1997.
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Figure 29. Estimated numbers of red grouper harvested by
anglers fishing from private or rented boats and from charter
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1992 to levels higher than any prior . (PRIVATE & SHORE MODE RECREATIONAL CATCH 1981-97
year.
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5
These data suggest no significant | [] NUMBER HARVESTED 46

decrease in recreationa effort directed
at red grouper between 1989 and 1997,
despite the permit requirement for the
sale of reef fish imposed by the Gulf
Council in 1990.

52 51
A
4.2 41

] 38 38
7 —
3.4 32 il 7 &

NS
N

MILLIONS OF FISH
SIE
NI

COMBINED HARVEST

17 1.7
0.8 DB 07
Because recreationa harvest estimates 1 g 03 u - H
are available only since 1981, it is ool L1117
possible to estimate the combined 81 82 83 84 B85 86 &7 B8 03 30 91 92 93 94 95 96 &7
harvest of red grouper only for the YEAR

period 1981-1997 (Figure 31). The  Figure30. Disposition of red grouper caught by anglersfishing
estimate of combined harvest increased  fromshore or private/rental vessels, 1981-1997.

from 1981to a high in 1984 of just over

10%2 million pounds. However, from

1984 to 1990 landings declined every e RED GROUPER TOTAL HARVEST 1981-1997
year with one exception in 1989. The | [] RECREATIONAL HARVEST

decrease from 1985 to 1987 was COMMERCIAL HARVEST

entirely the result of a decline in the |
estimate for the recreational fishery,
probably in response to Floridas
18-inch minimum size.  Landings
declined in 1990 but is presumable due
to the increase in minimum size that
year. Annua increases for 1991 and
1993 brought the combined harvest
back up to 8.7. million pounds for the
last year. Although the increased
minimum size may have partly L CAAT A AV VACA A VAL VA VA Y.
contributed to the increased landings B B2 83 B4 05 05 07 63 83 G0 31 92 93
from 1991 to 1993, landings again YEAR

declined from 1993 to alow in 1996 of
4.9 million pounds. The 1997 Figure 31. Estimated total harvest of red grouper fromU.S

estimated landings of 5.2 million water of the Gulf of Mexico, 1981-1997.

pounds are the second lowest of the
time series.
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Inan effort to fully utilize all available commercial landings data it was necessary to have some estimate of
recreational landingsfor the sametime period (1940-1981), even though no formal estimateswere available.
Thefirst stepin estimating historic recreational landingswasto estimaterecreational effort for the sametime
period. Thiswas done by establishing that a strong correlation existed between the U.S. Census Bureau
population estimates for the west coast of Florida and the number of private angler trips estimated from the
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MRFSSdata(Figure 32). Fromthisrelationshipis
was assumed that the recreational catch of red
grouper off the west coast of Florida should also
be a function of, among other things, west coast
populationsize. A ratio of catch-to-populationwas
then established for the years prior to the 20 inch
minimum size (1981-1989) and then applied to the
estimated west coast population size to estimate
total recreational landings of red grouper from
Florida' s west coast (Figure 33). Although this
method of estimating recreational has many
assumptions associated with it, such as constant
recruitment and stable stock size, estimates the
years 1940-1980 are so small that information
about this time period will be dictated by the
relatively more reliable commercial data.
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Figure 32. Relation between relative Florida Gulf
coast population size and relative private angler trips,
1981-1997(diamond) solid line - modél fit; light line -
perfect correspondence.
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Figure 33. Estimated total landings of red grouper from Florida west coast, 1940-

1997.

SEASONAL DISTRIBUTIONS

The average seasonal distributions of the commercia and recreational harvestsare showninFigure34. The
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most recent year (1990) was not included in the mean for the commercial sector because of the
implementation of aquotain 1990. The seasonal distribution of the recreational catch was estimated asthe
monthly sums of the estimated catches from the three surveys. Where an estimate for a cell spanned more
than a month (as in the bimonthly waves of the MRFSS) the estimate was divided equally among the
applicable months.

The commercial harvest showed a summer peak in landings but the seasonal variation in landings was not
great. The recreational harvest also exhibit a summer peak and midwinter minimum. However the
recreational harvest in November and December were about as high as they were in any other month.

SEASONAL DISTRIBUTION OF HARVEST BY SECTOR
15
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Figure 34. Average seasonal fractions of the commercial and
recreational harvest of red grouper in the U.S Gulf of Mexico.
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SIZE DISTRIBUTION OF THE HARVEST

COMMERCIAL SIZE COMPOSITION

Figure 35 is a scattergram of all length
samples from the commercial fishery
from 1984-1997 by day of sample.
Inspection of these data reveals a
significant decline in sample size that
began in mid 1988 and extended
through 1989. The impact of the
20-inch minimum size is also apparent
from the samples from 1990-1997.

These data and other samples taken by
investigators from the NMFS Panama
City Laboratory in 1980 and 1981 were
used to construct length frequencies of
red grouper by gear type and year of
capture (Figure 36).

Red grouper sampled fromtrap landings
are decidedly smaller on average than
those sampled from the other fisheries

in every year for which samples are TRAPS  HANDLINES POWERLINES LONGLINES
availableexcept 1988. Inspectionofthe [ lm o " F dme ™ P i " B4
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these undersized fish eventually E 8 [pn — F5s i F99 il F905 nifle |
dissipated. There is no indication in ﬂ P27 b prom 1360 o167 0
these datathat the 1985 Florida18-inch 32 F 31 T F™ Miee. 22 Mine. B M. o
minimum size had any effect onthesize Eil N = =y
composition of the landings. 2 e Fi0 =i .
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Red grouper caught with handlineswere
somewhat larger than those caught with
traps but were smaller than those caught
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Figure 35. Scattergram of length samples from the commercial
fishery for red grouper, 1984-1997.

TOTAL LENGTH (INCHES)Y
Figure 36. Length frequencies of red grouper from commercial
gears, 1984-1997.

with power-assisted reels or longlines from 1984-1986 (Figure 36). Aswith thetrap fishery, sub-legal size
fish were still being harvested the first two years of the regulation (1990 and 1991), but were essentially
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eliminated from the samples
by 1992. Also asin the trap
fishery, there is little
indication that Florida's
minimum size had any effect
on the size composition of the
harvest.

Samples of the catch from
power-assisted reels and
bottom longlines were larger
than with the other gears
(Figure 36). A decreasing
trendintherel ativeabundance
of red grouper 30 inches and
greater is evident for both of
these gears. These samples
also reflect the impact of the
20-inch minimum size but do
not indicate any effect of
Florida's minimum size.

A primary reason for

inspection of these data is to

identify the most reasonable
way to aggregate the data to
estimate the size composition
of the harvest. If the samples
from the fishery were simple
(adequate) random samples of
the catch, then they could be
used directly to estimate the
size composition of the catch.
Unfortunately, such is not the
case.

It is clear from Figure 36 that
true handline gear catch a
different size distribution of
red grouper than do power-
assisted reels. Unfortunately,
in the landings files handlines
and power-assisted gears are
reported under a single gear
code (610), and we must,
therefore, estimate the length
frequency for the combined
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Figure 38. Length frequencies of red grouper catches by counties
where they were landed, 1984-1997.

catch for these two gears. Consequently, we sought a way to stratify the observations so that we could
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develop an estimate of the length frequency of the harvest from some weighted combination of gear/area
strata which would accurately reflect the total harvest.

The length frequencies of the samples by location of capture are presented in Figure 37 and by location of
landing in Figure 38. The samples by county (Figure 38) clearly reflect the paucity of sampling effort in
1989 and the lack of effort directed at the catch from Charlotte to Collier counties.

The samples arranged by area of capture (Figure 37) provide more complete coverage, but still retain
disproportionate representation by gear.

This data lead us to stratify the samples by gear and area of capture, which we believe to be the best
compromise with the available data. Although the effect of this convention on the estimate of the length
frequency of harvest isuncertain, we feel the estimate to be reasonable.

RECREATIONAL SIZE COMPOSITION.

Figure 39 is a scattergram of all length samples from the recreational fishery from 1981-1997 by day of
sample. Inspection of these datareveals agradual increase in sample size through the years. Animportant
part of theincrease was the result of the institution of the headboat survey in the Gulf in 1986. Aswiththe
commercial data there is a clear

signal of the impact of the 20 0
minimum size in the 1990-1997 g N=8000
samples. Thereisasoadropinthe
samplesizein thelatter half of 1985
that might indicate a response to
Florida's 1985 18-inch minimum
size.
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Inspection of annual variation inthe
length frequencies of red grouper
sampled by mode indicate amode of
12-15 inches for headboats from
1982 to 1989 with a pronounced :
shift to amode of about 20 inchesin 101
1990 (Figure 40. Samples from
charterboatsareal so quite sparsebut a1
fairly smilar to the headboat

samples from 1986-1989 and 1990- YEAR _
1997. The 1990 sample of the Figure 39. Scattergram of length samples from the recreational

charter catch is very small but fishery of red grouper, 1981-1997.

clearly reflectsthe 1990 minimum size. Thelength frequenciesfrom the private/rental mode follow similar
trends.

TOTAL LENGTH (INCHES)
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The length frequencies of the recreational harvest by mode and area summed over yearsis given in Figure
40 These data also reflect the scarcity of observations in the western Gulf of Mexico. All of the six
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observations from west of
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which was also apparent in the
commercia landings, suggests
small red grouper are
comparably more scarce in the
northern part of the fishery.
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Figure 40. Length frequencies of recreational harvest of red grouper
by fishing mode, 1979-1997.

TOTAL LENGTH (INCHES)
Figure41. Length frequencies of recreational harvest of red grouper
by area and year, 1981-1992.

Recalling the north-south movement pattern (Rivas 1970) and the tendency for larger fish to move further
than small fish (Moe 1969), it isreasonabl e that the harvest of red grouper in the northerly part of their range
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in the eastern Gulf of Mexico is
dependent on emigration from a center
of abundance to the south. If thisisthe
case, then one of the more important
effects of overfishing would be to
greatly reduce the catch north of
the Tampa-St. Petersburg area.

As with the samples from the
commercial harvest, a primary reason
for examining these distributions is to
identify the most reasonable way to
aggregate the data to estimate the size
composition of the harvest. Severd
constraintsareimposed by theheadboat
and MRFSS catch estimates. First,
while the length samples have been
collected in specific locations and
clearly indicatethat thereissouth-north
cline in size, the catch estimates must
aggregate samples within strata.
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Thedesign of MRFSS providesinshore-offshore resol ution within states but is not designed to provide catch
estimates along the coastline of astate. Consequently, thefinest spatial (along-shore) resolution of the catch
estimatesfrom MRFSS are by state. The headboat catch estimates are available by areas that correspond to
the regions depicted in Figures 42. After review of the spatial variability of the length-frequency data and
the constraintsimposed by the catch estimates, we elected not to partition the annual recreational catch any
further than those catches from the state of Florida.
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TRENDSIN CATCH-PER-UNIT-EFFORT

Commercial Operating Units. The fishery for
reef fish in the Gulf of Mexico uses several types
of gear including hand lines, power assisted lines
(bandit rigs), bottom longlines, buoys, and fish
traps. Red grouper are caught by each of these
gears although, as discussed later, the total
landings of red grouper from fish traps have been
small. Red grouper are primarily harvested with
bottom longlines, but also with handlinesthat are
operated either manually or with the assi stance of
electric or hydraulic reels. For the most part, the
landings from all of these "handline" gears have
been reported under a single gear code.
Consequently, they cannot be partitioned into
morediscrete categoriesand arereferenced herein
as"power and hand lines" or simply "handlines.”
Similarly, bottom longlines and buoys have been
combined into asingle category termed " bottom
longline."

The data from the operating units files on the
composition of the fishing vessels categorize
them as "documented vessels' or "boats'.
Documented vessels are those which meet the
criteriathat require them to have Coast Guard
documentation numbers. Boatsincludeall other
vessels. They are generally smaller, state
registered vessels.  The structure of the
historical filesrelated to the number of boatsin
the fishery prohibits separation of those which
are used inshore and those that might venture
offshore to fish for reef fish. Nearly al the red
grouper landings from the Gulf of Mexico are
reported from the west coast of Florida
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Figure 43. Number of motorized vessels landing on
the west coast of Florida using handlines and bottom
longlines, and Cuban vessels, 1950-1997.
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Figure 44. Relative CPUE for the Cuban Gulf Fleet
and U.S. handline fleet for west coast of Florida, 1940-
1997.

Consequently, this analysis will consider only this state.

The number of documented vessel s fishing with handlines on the west coast of Floridahas increased almost
annually from alow of 79 motorized vesselsin 1953 to a peak of 606 vesselsin 1980 (Table 54, Figure 43).
The number of handline vessels stayed relatively constant from 1980 to 1984 but showed a sharp increase
in 1995 to 794 vessels. Given the moratorium placed on federal reef fish permitsin 1992, it is possible that
thisincreasein handlinesvesselsisdueat least in part from vessel s fishing more of f the west coast of Florida
and less off the shores of the other states in the Gulf of Mexico. The Cuban Gulf Fleet was using bottom
longline gear almost exclusively by 1965. However, bottom|ongline gear was not used by theU.S. fleet until
the early 1980's. The number of vessels employing bottom longlines grew rapidly from nonein 1979 to a
maximum of about 300 by 1989 (Table 54, Figure 43).
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We used operating units to represent an estimate of U.S. fleet effort from 1950 to 1997 because it was the
most consistent and continuous time series available. Furthermore, it was the only data set available that
would allow us to capture what we felt was the early development of the fishery when catches were
considerably higher than they aretoday. Also availableto uswererecords of the Cuban fleet fishing off the
West Coast of Florida. Thisdata included number of days fished and total poundage of harvest each year
from 1940-1976. This was predominately a handline fishery from 1940-1964; afer 1964 the fishery used
bottom longlinesamost exclusively (Tashiro 1977). Thesetwo datasetswere used to characterizetheearly
development of the red grouper fishery.

From 1940 to 1957, CPUE estimates from the Cuban fishery were relatively stable at approximately 900
pounds per day (Table 54). However starting 1958 CPUE and total harvest both began anine year decline.
Some leveling off of this decline was apparent in 1966, however by this time CPUE was only about athird
of the previous time period (approximately 300 pounds per day). Despite the decreased CPUE, total effort
increased on an almost annual basisfrom 1964 to 1976, the final year the fishery was allowed to operate in
U.S. waters. A remarkable similarity exists between the U.S. fleet and the Cuban catch-per-unit effort
(CPUE) from 1950 to 1976 (Figure 44). Peak CPUE occurred for the Cuban Gulf Fleet in 1949 with a
secondary peak in 1957, precisely when the U.S. fleet CPUE peaked. Both indices show the same marked
declinein 1955 and again from 1957 to 1959. The dome shaped nature of the Cuban and U.S. CPUE trend
from 1940 to approximately 1960 makes these two indices quite valuable. This dome shape, coupled with
the similarity in the descending limbs of both indices, suggeststhe possibility that these indices are tracking
the development, full utilization, and perhaps over-exploitation of the red grouper stock. If so, theseindices
become very important in estimating parameters such as maximum potential production of the stock.

Reeffish Logbooks. Additional CPUE datawereavailablefrom the Reeffish L ogbook Programwhichwere
used to estimate monthly CPUE for fish traps, handlines, and bottom longlines from August 1990 to
December 1997. The Reeffish L ogbook Program was programwasinitiated in 1990, and at thistimerequired
that all vessels holding reeffish permitsin the states of Alabama, Mississippi, Louisiana, and Texas, and all
trap fisherman in the state of Florida, to report on each fishingtrip made. For Florida permitted vessels, only
those fisherman randomly selected each year (constituting a 20 percent sub-sample of all permitted vessels
in Florida) were required to report (note that this 20% sub-sample could be reporting on fishing done
anywhere in the Gulf of Mexico, not just Florida). Mandatory reporting for all Florida permitted vessels
began in 1993. Because releases are not reported in the Reeffish Logbook Program, these estimates reflect
only fish kept. Only those trips reported to have landed red grouper were used. A summary of the
components used to calculate the commercial CPUE are given in Tables 48-50.

M ean | andings-per-trip using handlineswerevery similar from 1990to 1993: approximately 350 pounds-per-
trip (Table48). Thereafter, they declined to 336 1n 1994, to 342 in 1995, t0 299 in 1996, and to 319in 1997.
The sum of the reported landing peaked in 1994 at approximately 1.5 million pounds. The average duration
of the average trip decreased from approximately 6 daysin 1990 and 1991 to approximately 4 daysin 1993
thru 1997. The mean number of hooks-per-line was lowest in 1990 and 1991 at approximately 2 hooks-per-
line. Thisnumber increased to almost 9 hooks-per-linein 1994 (incidently, the same year that the sum and
mean pounds-per-trip peaked) but decreased again to 3 hooks-per-line in 1997. There is no apparent
explanation for this trend.

M ean landings-per-trip using bottom longlines peaked to approximately 3532 pounds-per-tripin 1993 (Table

49). Although the mean landings-per-trip decreased after 1993 there was no apparent declining trend from
199310 1997. Therewasan obviousdiversion inthetrend in mean hours-per-set, which ranged from alow
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of 3.66in1990to ahigh 91in 1997. Thisdivergence
was later explained by differences in the manner in
which fishers were requested to report the time in
which their lines were in the water.

Estimates of CPUE for handlines were made by
individual trip (catch = pounds; effort = (number of
lines * number of hooks/line) * (hours fished)).
Because of the difference in reporting hours
mentioned above, estimates of CPUE for bottom
longlines were made by individual trip (catch =
pounds; effort = (number of lines * number of
hooks/line) * (days fished)). CPUE for traps was
calculated as catch = pounds; effort = (number of
lines* number of trapg/line) * (hoursfished)). Trips
were then averaged over ayear and a mean, median
and mode calculated. Mean CPUE for theyearswere
then analyzed using a genera linear model (GLM)
procedure. Effectsconsidered in the GLM were year,
month, and grid. With these effects standardized for,
afinal index of abundance was calcul ated.

For handlines, the index, mean, and median val ues of
the annual CPUE were fairly consistent from 1990 to
1997, however asmall increase was evident in 1992
(Figure 45). Although significant effects were found
for year (p<0.0001), month (p<0.0001), and grid
(p<0.0001), the overall fit of the GLM resulted in a
low R? value (R? = 0.120).

For bottom longlines, the index, mean, and median
values of the annual CPUE were also fairly consistent
from 1990 to 1997, however a small increase was
evident in 1993 (Figure 46). It is possible that the
increaseinbottomlongline CPUE 1993 correspondsto
the increase in handline CPUE the previous year,
however length data does not indicate that these two
gears catch different size fish. Although significant
effects were found for year (p<0.0001), month
(p<0.0001), and grid (p<0.0001), the overdl fit of the
GLM resulted in alow R? value (R? = 0.120).

Trap CPUE showed the same consistent trend as
handlines and bottom longlineswith the sameincrease
in CPUE in 1993 that was evident in the handline
CPUE, and the longline CPUE the following year
(Figure 47). Although far from conclusive, the
increase seen in 1993 in the CPUE for both handlines
and traps suggests perhaps a relatively stronger year
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class moving through the fishery that year.
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species, such asred snapper, could leadtoa grouper inthe U.S. Gulf of Mexico.
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targeting red grouper, respectively.

Thenumber of headboat tripsreporting having harvested red grouper has shown an annual declinesince 1993
(Figure 48). Although thisis an overly simple metric of stock abundance, one that could be explained by
many factors other than decreasing stock size, it isnone the less interesting to note that all areas examined
showed the same decline.

Thirty-two percent of the red grouper landed from headboats (number of fish) from 1981 to 1997 was
accounted for by the top 5 reporting headboats; fifty-one percent was accounted for by the top 10 headboats
(Table51). Based on these observations the headboat fleet was divided into two groups (top ten harvesting
headboats and all others) for further examination. Thetop ten headboats fished approximately 21% of their
tripinJuly and August (Table52- A), whileall other headboatsfished morein January, February, and March
(Table 53-A). The top ten headboats fished mostly in south-west Florida (Table 52-B), while al other
headboats fished in the Keys, south-west and north-west Florida (Table 53-B). The catch-frequency-per-
anglers was also different for the two groups; the top ten headboats had 90% of their trips accounted for at
22 fisn/trip (Table 52-C) whileall other headboats had 90% accounted for with at only 8 fish/trip (Table 53-
C). Thissame trend was evident in the number landed-per-fisher (Table 52-D and Table 53-D) and number
landed-per-day (Table 52-E and Table 53-E). The top ten headboats had 58% of their trip made up of 12
hour trips (Table 52-F) while all other headboats had 57% of their trips made up of trips 9 hours or less
(Table 53-F). Thisis because the top ten headboats were required to make longer trips to get further off-
shore to catch red grouper. Table 52-1 and 53-1 show how the number landed-per-trip for the top ten
headboats is considerably larger than that of the other headboats for any given year. Note that the number
landed-per-trip in 1995-1997 increased for the top ten headboats, however, this was accompanied by an
increasein the number of fishers-per-trip and hours-per- trip for the sameyears.  In order to minimize some
of the"noise" associated with CPUE analysis, the top ten vessel sfrom 1986-97 were grouped and examined
separately as a"sub-fleet" to represent those vessel s targeting red grouper for the analysis given below.
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The headboat survey, unlike the MRFSS
survey, does not included released fish. For
distinction, I use CPUE to represent thosefish
that were kept and released, and HPUE
(harvest-per unit effort) torepresent only those
fish that were kept. Harvest (number of fish
landed) per unit effort (fishers * hours out)
for the headboat fishery was analyzed using a
generalized linear model (GLM) procedure.
The general components used to calculate
HPUE are given in Table 52 G-1. Significant
effects were found for all three variables
considered: year, month, and specific vessel.
These parameters explained 51% of the
variability in the model. We also used the
MRFSS data to calculate a CPUE and HPUE
using a GLM procedure. Significant effects
for this model were found for year, month,
area, and mode. These parameters explained
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Figure 49. Harvest and catch-per-unit effort from the top

ten headboats and private/charter recreational fishery
fromthe U.S Gulf of Mexico.

20% of the variability in the CPUE and
HPUE.

To examine possible trends in stock abundance we used three of the above mentioned partitions:
private/charter HPUE, private/charter CPUE, and top ten headboat HPUE. Examination of the trends of all
three of these partitions simultaneously beginsto reveal one possible trend in red grouper abundance. The
first point of interest isthe remarkable similarity between the private/charter and the headboat trendin HPUE
(Figure 49). Aswould be expected, in 1985 and 1986 when the minimum size was increased to 18 inches
and the 5 aggregate grouper creel limit enacted the private/charter HPUE decreased. In 1990, when the
minimum sizewasincreased to 20 inches, the private/charter declined again, asdid headboat HPUE. From
1990 to 1997 the private/charter and headboat HPUE track nearly identical decreasing trends to lows in
1996. The private/charter CPUE trend increased on an almost annual basis from 1982 to 1991. This may
have been due, in part, to the above mentioned change in regulations. It is possible that the slight increase
in HPUE in 1987 and 1988 is due to the increased number of fish being released in 1985. Similarly, the
dlight increasein HPUE in 1994 and 1995 cold be dueto theincreased number of fish being releasedin 1991.
Thistype of relation might also exist for the slightly increased CPUE in 1995 and slight increase in HPUE
in 1997, but keeping in mind the confidence around these estimates, the later relation should be view with
great uncertainty. Nonetheless, the CPUE, whichincludesfishtoo small (and/or young) to berecruitedinto
the fishery, could possibly be an indicator of the fishable stock size 3 and 4 years later. If thisrelation is
robust, the declining CPUE from 1991 to 1997 may indicate a steady decline in the number of red grouper
being recruited to the fishery.

Fishery Independent. Fishery independent data and a summary of methodology were made available
courtesy of from C.T. Gledhill of the National Marine Fisheries Service, Pascagoula Laboratory. The
relative abundances of fish species found on shelf-edge banks located on the continental shelf of the Gulf
of Mexico were estimated from data collected during the annual Southeast Area and Monitoring Program
(SEAMAP) offshorereef fish surveys. These surveyswere conducted during the monthsof June, July, and
August from 1992-1995. Samples sites were selected intwo stagesusing a list of known coral and hard-
bottom features located on the continental shelf and shelf-edge. Thefirst stage or primary sampling units
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(PSUs) were blocks 10 minutes of latitude by 10 minutes of longitude, and were selected proportional -to-
size where the measure-of-size for each block was the number of reef sites classified within the block.
Selected blocks were surveyed at night using the ships echo sounder in 1992-1994, and a Simrad EK500
echo sounder mounted in atowed body in 1995. "Reef" siteswere classified based on characteristics of the
echo-trace (relief, slope, length of echo-trace foot). The trap or cameras were deployed at sites chosen
randomly fromthe listing of "reef" sites.

The SEAMAP reef fish survey uses stationary Hi-8 video camerasfor al censussing. SCUBA diver census
techniques are not feasible due to the depth range sampled (maximum depth of 110 m) and the broad extent
of the survey. Two types of gear have been used. Thefirst was atrap/video, wherea single video camera
was mounted at a height of 25 cm on a single-funnel fish trap (2.13 mlong by 0.76 m square) and baited
withsquid. A four-camerarig on which cameras are mounted orthogonal to each other at aheight of 25 cm
above the bottom was also used. Thisrig was also baited to be comparabl e to the camera mounted on the
fishtrap. Thefour-camerarig has been the primary gear since 1997. The four-camerarig was devel oped
to mitigate cases where a single camera would face away from any features located on the bottom . One
cameraisrandomly selected for viewing out of all camerasthat face "reef" habitat. Video observationsare
conducted during daylight hours. From 1992 to 1996, the cameras soaked on the bottom for 1 hour before
retrieval. Soak time was reduced to 30 minutesin 1997.

Two viewersexamined each video tape separately, and identified and enumerated all speciesfor theduration
of the tape (maximum time 1 hour). Identifications were made to the lowest taxonomic level practicable,
and all fish were counted as they came into view. Discrepancies between viewers were resolved either
through discussion among the viewers (e.g. cases where one viewer makes an identification to the generic
level and the other viewer's identification is to the species level); or viewing of the tape jointly for cases
where counts and identifications differ greatly. In practice, discrepancies were rare, and between
experienced viewers and aviewer in training. Since viewing a 1-hour tape was very time consuming, we
conducted astudy to examineto statistical cost of reducing the view-time. Asaresult, thetime viewed was
reduced to 20 minutes.

Three general geographic regions were consider, the lower Florida keys (Area 1), the middle Florida West
coast and the Panhandle region (Area 2) and off the Mississippi and Alabama coast (Area3). Therewasno
specific reason(s) for thisdivision. Frequency plots of depth distribution show two main peaks one at 14-22
fathoms, and a second at 34-42 fathoms. Based on this, two depth zones were specified in the model; Depth
1 from 0O to 32 fathoms, and Depths 2 from 33 and above fathoms.  Restricting the data to the east of
Mississippi, the video database includes 669 records, from 1992 to 1997. Of these, 189 records contained
red grouper. There are observation for 34 of the 36 cells, year/area/depth. However, most of the
observations arefrom area2 depth 1. Anindex of CPU was estimated using a Deltalognormal approach.
Proportion of zero/positive observations was modeled assuming a binomial error distribution. Deviance
analysisindicated that Areaand Depth are significant factorsin explaining overall variability. The selected
model included Y ear Areaand Depth asfixed factors. Positive CPUE were model ed assuming alognormal
distribution. The explanatory variablesincluded Y ear Areaand Depth, however only year was significant.
Overall thefit of positive observationswasvery poor. Annual CPU indexeswere estimated from the L east
Square meansfrom both the proportion of zero/positive and the positivemodels. Standardized CPU suggest
anincreasing trend, however the confidenceintervalsarelarge. The CPU show two sets; from 1992 to 1994
similar mean CPU and confidenceintervals, and from 1995 to 97, greater CPUE (double and higher) but also
greater confidence intervals.
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Perceptions of the abundance of thered grouper
stock based on the two gears of this study were
contradictory (Figure 50). The index of
abundance estimated from the trap/video data
suggested increasing abundance while the trap
observationssuggested adecreasing abundance.
One possible explanations for this discrepancy
isthat the trap/video data measured abundance
in numbers of fish whilethetrap datameasured
in pounds of fish. Another possible artifact
may be that, unlike with the trap gear, fish
observed from the trap/video gear could
theoretically be counted multiple times.

Combined Indicesof Abundance. Figure51
shows all six fishery dependent indices of
abundance in terms of relative CPUE. From
thisfigureit can be seen that estimates of stock
abundance from 1940 to 1980 will be driven
primarily by the Cuban and U.S. fleet CPUE, as
they are the only indices available at that time.
Thefive"competing” fishery indicesare shown
in Figure 52. These indices will dictate more
the current condition of the stock.

Estimates of fishing mortality were derived
from tag/recapture data supplied by the Mote
Tagging Program (Legault et al. 1999). These
estimates were then converted to CPUE by
solving the catch equation for numbers of fish,
using estimates of released fish from MRFSS
data, and an assumed rate of natural mortality
(Figure 53). A summary of al indices
examined are given in Table 55.
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POSSIBLE CURRENT CONDITION OF THE STOCK -1

The possible current condition of the red grouper stock was evaluated by using the stock-production model
ASPIC (A Stock-Production Model Incorporating Covariates; Prager 1994). Thecoreof thismodel isbased
on the simplest surplus-production model, the logistic or Graham-Schaefer model. Surplus production is
the algebraic sum of three major population components: recruitment, growth, and natural mortality. One
advantage of using such amodel is the minimal amount of data required for fitting. However, using such
ageneralized approach meansthat sometimes sacrifices must made in terms of how precisely the model fits
the actual biology of the species of interest. Nonetheless, fitting the data to the ASPIC model was a useful
way to obtain an estimate of the status of the popul ation and to provide estimatesfor parametersrequired for
management without making a great deal of assumptions.

Thetwotimeseriesrequired for parameter estimation wasaseriesof observationsof catch (yield inbiomass)
and a corresponding time series of an index of abundance. The 1940-1997 estimated total catch was
partitioned into two fisheries. Thefirst fishery included the 1940-1997 recreational, Cuban handline, and
U.S. commercia handline catch, where U.S. commercial handline included all commercia gear other than
bottom longline (mostly trap and some spear fishing). The index of abundance used for this fishery was
developed by taking eight of the indices discussed in the previous chapter (Cuban handline CPUE, U.S.
catch-per-operating unit, MRFSS CPUE, the Reeffish Logbook handline and trap indices, the fishery
independent trap, trap/video indices, and the M ote tagging index) and standardizing all indicesto therelative
mean, thus combining them into one index. The second fishery included the 1965-1976 Cuban bottom
longline fishery and the 1979-1997 U.S. commercia bottom longline catch. The index of abundance used
for this fishery was developed in the same manner as the first using the Cuban bottom longline CPUE, the
Reeffish Logbook bottom longline CPUE, and theindex of catch-per-operating unit, which considered only
vessels using bottom longline gear.

The ASPIC model seeks to maximize the fit between the observed catch and the indices of abundance by
estimating essentially three parameters: the maximum population size, or carry capacity (K), theintrinsicrate
of population growth (r), and the maximum sustainable yield (MSY). Other parameters estimated include
catchability constant of each fishery (q), theratio of fishing mortality in thelast year to the fishing mortality
that would produce the estimated MSY (F/Fmsy, or F-ratio), and the ratio of the stock biomass in the last
year to thebiomassat MSY (B/Bmsy, or B-ratio). Rather than alowing the model to estimate the condition
of the stock in the first year of the time series (B1-ratio) we assumed it to be equal to 1.5. A Bl-ratio of 2.0
defines the stock as at carry capacity while values below 2.0 define it as below carrying capacity.

The ASPIC mode! fit of the observed catch to theindex of abundance resulted in arelatively high R-squared
for both the first fishery (R-squared = 0.615; Figure 54) and the second (R-squared = 0.452; Figure 55).
Estimates of theintrinsic rate of population growth (r = 0.3708) fell within the bounds of those estimated for
other fish stocks. The estimates of the B-ratio (B-ratio = 0.2077) denotesthat the 1997 biomassis estimated
to be approximately 20 percent of the biomassthe stock would be at if fished at MSY. The estimate of the
F-ratio (F-ratio = 2.079) denotesthat the 1997 fishing mortality is approximately two times higher than that
estimated for Fmsy.

The estimated value for MSY from the ASPIC model was approximately 11.65 million pounds. Thisis
approximately seventy five percent of the estimated peak landingsin the 1950's. Landings of red grouper
peaked between 1955 and 1960 near 17 million pounds, and the rapid decline from this peak in 1957 to
approximately 5 million poundsin 1964 is strong evidence that that rate of removal was not sustainable. It
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should be kept in mind, however, that historic
catches were probably made up of older and larger
fish that are evidenced not to exist in the current
catch. Consequently, estimates of MSY given the
current day selectivity vector may be lower than
those that include the historic fishery.

The time series of estimates of the B-ratio and F-
ratio from 1940 to 1997 are shown in Figure 56.
As stated above, the estimate of B-ratio for 1940
was fixed at an assumed size of 1.5 (75% of
carrying capacity). Several valuesfor the B1-ratio
were explored between 2.0 and 1.5 but the overall
fit to data was found to be extremely robust to the
value selected as all trials converged on the value
after approximately five years. After 1945 the
estimated B-ratio begins a decreasing trend that
lasts until 1960. During this same time, estimates
of F-ratio increase to values between 2.0 and 2.5.
The reason that the estimates of the F-ratio decline
between 1955 and 1965 are not obvious. However,
the increase in the F-ratio apparent from 1965 to
1975 correspondswith reports of the Cuban fishery
switching from handlines to bottom longlines.
Similarly, the increase in the F-ratio from 1979 to
present corresponds with the years that the U.S.
commercial fleet started to use bottom longlinesas
well.

In an effort characterize the error associated with
these estimates, a bootstrap analysis was also
conducted using the same model inputs. A total of
600 trialswere run to devel op distributions around
selected parameters. Associated with the ordinary
estimates of the various parameters are bias
corrected estimates, percent bias, and upper and
lower confidence limits around the estimates.
These estimates are given in the below. The
distribution of estimates of the intrinsic rate of
population growth, MSY, the B-ratio, and the F-
ratio are shown in Figures 57-60.

The relative lack of bias and small confidence
intervals is evidence that the parameters are
estimated with a high degree of certainty. While
this leads to the conclusion that the data fit the
model well, it cannot necessarily be concluded that
the estimates depicts the fishery well. The
parameters estimated here that should be given the
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most attention are those that estimate the rel ative statistics: B-ratio, F-ratio, and Y -ratio (theratio of the last
yearsyield totheyield at MSY). Inlight of this, wefeel with reasonable certainty that the current estimates
of stock biomass and yield are below those of MSY, and that the current estimates of fishing mortality are
above those that would produce MSY. Consequently, it is likely that the stock is over-fished based on
current management benchmarks.

Parameter Estimate Bias Corrected Relative Bias 80% LCL 80% UCL
K 1.26e+08 1.26e+08 0.10% 1.19e+08 1.52e+08

r 3.71e-01 3.71e-01 -0.13% 2.90e-01 3.97e-01
MSY 1.17e+07 1.17e+07 -0.03% 1.10e+07 1.18e+07
Bmsy 6.29e+07 6.28e+07 0.10% 5.97e+07 7.57e+07
Fmsy 1.85e-01 1.86e-01 -0.13% 1.45e-01 1.99e-01
B-ratio 2.08e-01 2.08e-01 -0.22% 1.55e-01 2.78e-01
F-ratio 2.08e+00 2.04e+00 1.87% 1.58e+00 2.57e+00
Y-ratio 3.72e-01 3.73e-01 -0.19% 2.86e-01 4.78e-01
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Projections of the possible future condition of the stock

were made utilizing the parameter output from the 120 Status Quo

ASPIC model. Because fishing has continued beyond 100

thetime seriesof availabledata, and to make projections '

current with first year available for management (2000), > %80

al projections were made assuming that total fishing 5 0.60 1

mortality in 1998 and 1999 was equal to the last year @ 0.40 |

estin_wated (;997, F siomass = 0.386). Eighty percent 0.20 oo
confidence intervals were approximated by using the 0.00 -
confidence intervals calculated for the bias corrected R

estimates of the parameters that describe the intrinsic 2000 2003 VEAR 2006 2009

rate of population growth (r) and carrying capacity of the
stock (K). Based on Sustainable Fisheries Act (SFA)
guidelines, if a stock has been determined to bo
overfished then the next question is whether or not the
stock can be rebuilt (B/Bmsy = 1.0) within a ten year
time frame. Consequently, projections were carried out

Figure 61. Projected B/Bmsy with approximate
80% confidence intervals assuming status quo
fishing mortality.

Release Mortality = 0%

to the years 2000 to 2009. 2.50

The first projection assumed that the rate of fishing 2.00 1 - -

mortality would continue for ten years (from 2000 to 2 1501 _

2009). Inthisprojection, estimatesof B/Bmsy decreased & -//’/:/:

from an estimate of 0.20 in 1999 to approximately 0.13 @ 1.0 ~ -

in 2009 (Figure 61, Table 57). Thisisto say that if the 0.50 1 -

fishery continuesto operate at the current estimated rate s -

then it is likely that catches could decline and the 0.00 ‘ ‘ ‘

continued persistence of the stock could be jeopardized. 2000 2003 2006 2009
YEAR

The second projection assumed that al fishing and
release mortality would completely cease for ten years.
In this projection the stock was estimated to be rebuilt
to a level of B/Bmsy = 1.0 in approximately 6 years
(2005) (Figure 62, Table 57). However, this assumes
that al fisherscan totally avoid catching red grouper and
that the stock experiences only natural mortality; an
unlikely assumption.

Thethird projection attempts to approximate an average
(across all fisheries) release mortality rate of 33 % by
setting F giomass = (0.386 * 0.33). Although the relation
between F 5ouass @nd catch is not exactly linear, we feel
this was a satisfactory approximation to incorporate

Figure 62. Projected B/Bmsy with approximate
80% confidence intervals assuming status quo
fishing mortality and no release mortality.

Release Mortality =33%

release mortality into the projection. In this projection 000 ‘ ‘ ‘
the estimated mean B/Bmsy in ten years was 0.88, with 2000 2003 2006 2009
the lower 80% confidenceinterval at 0.55 and the upper YEAR

at 1.11 (Figure 63, Table 57).

Figure 63. Projected B/Bmsy with approximate 80%
confidence intervals assuming status quo fishing
mortality and 33% release mortality.
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POSSIBLE CURRENT CONDITION OF THE STOCK - 11

The second approach to eval uate the current condition of the red grouper stock utilized the flexible forward
computations assessment model ASAP (Age-Structured Assessment Program; Legault and Restrepo 1998).
This model is based on separating fishing effects by different gears into year and age components, asin a
separable virtual population analysis. However, the model allowsfor changesin selectivity and catchability
over time and does not require gear specific catch at agefor all years. Thisflexibility requires minimization
of the objective function with many, hundreds or thousands, of parameters. The software package AD Model
Builder uses automatic differentiation to compute the derivatives used in the minimization algorithm to
machine precision and thus allow for these large number of parametersto be estimated. Constraints must be
place on how much parameters can vary over time and the relative importance of different parts of the
objective function must be input.

Conversion of Gear Specific Catch Distributionsfrom Length to Age

The Goodyear (1997) probabilistic method was used to convert annual catch at length to catch at age. A
recruitment index for red grouper was not available and so a constant recruitment pattern was assumed for
the conversions. Since no cohort strength information was available it was decided to use a constant F
(=M=0.2) at age by year matrix aswell and not iterate the process such that the length to age conversion is
essentially a probabilistic form of age dlicing. This means that the catch at age cannot provide as much
information to ASAP regarding cohort strengths compared to an ageing algorithm which incorporates
auxiliary year class strength information. Three gears were chosen for the conversion: commercial longline,
commercial other (consisting mainly of handline catches), and recreational. The recreational fishery
converted length to age separately for the four modes (shore, charterboat, headboat, and private/rental), with
the yearly overall values used when sample sizes were not sufficient (n<50) for any particular mode in a
givenyear. Therecreational catch and discardsat age werethen summed over all modesto producethesingle
gear “ Recreationa” for usein the assessment. The date of capturewas availablefor all fishand asinglebirth
datewas assumed for all fish such that the fraction of ayear for each fish could be computed when assigning
the probabilities of each agefor agiven fish. Ages 1-30 were assigned and afterwards the catch for ages 20-
30 was summed to produce a 20+ group.

One advantage of this approach over straight age-slicing is the ability to estimate total discards for the
commercial fisheries. Thisisdone by assuming selectivity is age based and the number of fish at age landed
reflectsthetotal number at age caught. The fraction of fish at each age bel ow the minimum size for that year
can then be used to estimate the total releases and a release mortality rate used to determine how many of
those die. The selectivity of age 1 fish was set to 0.0 for periods when minimum size regulations were in
placeto prevent unrealistically large numbers of discardsfrom being estimated. Large numbers of age 1 fish
would be estimated for age 1 because the distribution of length at age was aimost entirely below the
minimum size. Thus, asingle age 1 fish landed would be expanded to a very large number of discards.

This probabilistic length to age method al so generates the age distribution of the recreational discards. The
total recreational discards come directly from MRFSS estimates. The program only partitions the annual
totals by age according to an input selectivity function.

Release mortality rates used to derive the discards for the three gear strata are: commercial longline 0.90,
commercial other 0.33, and recreational 0.10. These values were derived by combining the catch at depth
distributions by the three gearswith thereported rel ease mortality ratesat depth in Burnsand Wilson (1996).
Catches and discards at age by gear are given in Table 58.
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Stock Assessment and Projections
Methods

A complete description of the program ASAP is not repeated here, rather the modifications to the program
for useinthered grouper assessment are described. M odificationswere madeto both allow for morerealism
and to improve the estimation properties. Discards are now included in the program, selectivity is estimated
for only some ages while the remainder are fixed, and the process of estimating recruits is modified. The
inclusion of discards requires amatrix of the fraction of fish caught that are released by year and age. This
matrix is then used to determine which fish caught by the total selectivity pattern will be landed and which
released, with some of the released fish suffering release mortality.

The selectivity at agefor each gear is estimated only for arange of ages, but these values can be either below
or above 1.0. Thus, the selectivity over all ages can become dome shaped even if older agesarefixed at 1.0.
The ages which are fixed can be set at any values, but the pattern will remain the same. Deviations in
selectivity over time only occur for the estimated ages, but since the estimated ages can be either below or
above 1.0, the total selectivity pattern can change from flat-topped to dome shaped or vice versa.

The method used to estimate annual recruitments now is based on deviations from an estimated stock-
recruitment relationship (SRR). Previoudly, the recruitment values were estimated and then a SRR was fit
to the observations. This forced a good match between the estimated SRR and the annual stock and
recruitment values, but caused problems for the minimization routine because given stock-recruitment data
could be fit equally well by quite different SRRs. The new approach has better estimation properties but
forces dependence upon the estimated SRR.

Some additional penalties were added to the program to prevent unreasonable solutions. If a gear specific
F multiplier was greater than 3.0 for any year, a penalty was added to the objective function of ?(F-3.0)?,
where lambdais aweight for the penalty. Similarly, if an estimated selectivity value was greater than 100,
?(sel-100.0)? was added to the objective function.

Projections are done by combining the F at age in the last year from all gears into a single one to form
directed and discard selectivity patterns. These patterns are used to project different F multipliers, such as
Fmsy or Fcurrent, or to solve for the F multiplier needed to generate a given amount of landings in weight,
for example a5 million pound catch. Thus, if allocations amongst the gears change from the final year, the
projections will not be correct.

The AD Model Builder software package only allows asingle function to be minimized during onerun. The
estimates of Fmsy or the F to achieve a given catch were solved through a bisection algorithm carried out
30 times which gives precision in F to approximately 2.0E-07. The Fmsy estimate was computed by
calculating the spawning stock per recruit (SPR) and yield per recruit (YPR) under a given F. The stock
recruitment rel ationship wasrearranged such that spawning stock isafunction of SPR to derivethe spawning
stock for that F value. Plugging this spawning stock back into the stock recruitment relationship generates
an estimate of the expected recruitment in equilibrium at that F value. Multiplying this equilibrium
recruitment by theyield per recruit givesan estimate of theyield in equilibriumfor that F value. The Fvalue
isthen changed until the equilibrium yield is maximized.

Red Grouper Application




Two sets of analyseswere conducted for the red grouper fishery: along time series (1940-1997) and a short
time series (1986-1997). The short time series used only data where catch was known to be red grouper and
could be aged for all gears while the long time series used all the available data.

Three separate gears were employed in both time series: commercial longline, commercial other and
recreational. These gears had total catch in weight for every year and catch at agein numbersfor years 1984-
1997, commercial, and 1981-1997 recreational. If catch at age was not available for a given year, gear
combination, it did not contribute to the objective function. Nine (eight) tuning indices were available for
the long (short) time series, athough the video and trap tuning indices were given less weight than the
remaining indices. For the short time series, the estimates of uncertainty for each point within anindex were
used, with CV=1.0 assigned to the US historical time series. For the long time series, equal weighting of all
pointswithin indiceswas employed dueto lack of fit when input varianceswere used. Natural mortality was
constant over all years and ages at 0.2 for both time series.

Spawning stock was measured as the product of female gonad weight, proportion female at age, and the
number of fish at age, summed over all ages. The 20+ group valuesfor fecundity (femal e gonad weight times
proportion female) and weight were calculated as a weighted average of the values for ages 20 to 30 with
the weights set at the expected relative number of fish alive under a survivorship of 2",

Selectivities for each gear were estimated for ages 1-10 and allowed to change each year from 1986-1996,
or from 1981-1996 for the recreational gear in the long time series. The selectivities for ages 11-20+ were
set to 1.0 for al gearsin both time series, but because the selectivity for ages 1-10 could be greater than 1.0
the older age classes could be rescaled to lower values.

Preliminary analyses determined that the stock-recruitment relationship could not be well estimated for the
short time series, most likely due to lack of regression range. To prevent this from occurring, the steepness
parameter of thereparameterized Beverton and Holt stock-recruitment rel ationship wasfixed at fivedifferent
levels (0.4, 0.5, 0.6, 0.7, and 0.8) and only the virgin spawning stock size estimated. These fixed values for
steepnesswere selected based on work donefor the Pacific whiting 1998 stock assessment (Dorn et al. 1998)
which estimated steepness for all Merluccid species in the Myers et al. (1995) database. The steepness
parameter is bounded by 0.2, a straight line relationship between stock and recruitment, and 1.0, essentially
constant recruitment. The long time series provided enough contrast in data to alow estimation of both
steepness and the virgin spawning stock size.

Results and Discussion

Componentsof thelikelihood functionsfor the six analyses (five values of steepnessfor the short time series
and one long time series) are presented in Table 59. The large number of components in the objective
function presented a problem for the minimization routine because conflicting pieces of information were
present. The lambdas given in the table were derived based on considerations of the uncertainty associated
with each component in the objectivefunction. For log normally distributed errorsabout agiven observation,
the lambda (?) can be derived from the coefficient of variation (CV) as ?=1/In(CV?+1). The CV’'s were
chosen based on past experience and knowledge of the data associated with the particular component of the
objective function. For example, total catch in weight by any gear is known much better than the total
discards while selectivity is assumed to vary over time more than catchability.
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Results were found to be sensitive to the choices for the ? values, with unrealistic results for many other
choicesexamined, especially for thelong time series, the short time serieswas morerobust. Theresultswere
deemed unrealistic when a single cohort essentially accounted for the entire fishery. This occurred when
either a cohort from the first year or

from the early part of the time series —_— e ——

(prior to 1950) was more than an order | . it N

of magnitude larger than neighboring 3 12

values. Thisunrealistically strongcohort | £*° 8 %
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than four generation times later. The | *° i

classification of the recent stock status | , * (12
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was not impacted by the choice of | § * goe

lambda’ s however. o 02

The tuning indices could not all be fit Year vear

well dueto different trends exhibited by — P

indices that were measuring the same s "

relative abundance. The compromises | ¢ 12

reached by the model seem reasonable | £ % o M
(Figure 64). As seen in Table 59, the

five values of steepness for the short
time series produced quite similar fits o : : : : o
and thuS Only One %rles Of pre(jl Cte(j 1990 1992 1994 1996 1998 1988 1990 1992 1994 1996 1998
valuesis shown for the short time series
(steepness of 0.6). In genera, the short Cuban Historical MRFSS
time series model fit the indices better
than the long time model.
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The changes over time in selectivity
weremore pronounced for the short time

series commercial gears than the IOng 1940 105 1960 1970 1980 1990 2000 1980 1085 1000 1005 2000
time series commercial gears, while the Year Year
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both time series, the two commercid
gears have full selectivity on the oldest
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discarded as the figure shows the full Figure 64. Fits to the tuning indices from the long (1940-1997)
selectivity patterns. Thelargepercentage and short (1986-1997) time series ASAP analyses.
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of releases by the recreational fishery Commercial Longline Commercial Longline
causes the selectivity to be highest at .
young ages, but thelow release mortality
rate for this gear (10%) means that the
fishing mortality rate will not be as high
at theseyoung ages aswoul d be assumed
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Both the short and long time series 1 1o
ASAP analysesshow anincreasein total
fishing mortality (due to both landings
and dead discards) in the most recent
years (Figure 66). Although the I o
recreational fishery is fully selected at R R
age 1 or 2 and has similar, but lower,
catches to the commercial fisheries, the Figure 65. Selectivity at age for the short time series (left

total Fisnot great for young ages dueto panels) and long time series (right panels) ASAP analyses. Each

the low release mortality rate (10%) for lineis a different year.

therecreational fishery. Thecommercial

longline and commercial other fisheres have high release mortality rates, 90% and 33% respectively (Burns
and Wilson 1996), but have low selectivity for young fish, which also causestotal F for young ages to be
low. Thus, the total F pattern islargely afunction of the commercial fisheriesin terms of the age structure.
Theincrease in F for the recent years while catches have remained the same or decreased is attributed to a
decreasing stock size (see below). The long time series estimated a larger total F in the recent period than
do the short time series analyses and estimates a smaller population in recent years, which is a result of
accounting for the large catches before the short times series began.
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The six ASAP analyses estimated similar recruitment trends, with the short time series having more
variability than thelong time series (Figure 67). Thefive short time seriesrecruitment estimateswere nearly
identical. Thevariability in the short time series recruitment estimatesisaresult of fitsto the tuning indices
because the catch at age was created with little information about cohort strength. The long time series has
asmoother trend in estimated recruitment in the recent years because it ismoreinfluenced by thetotal catch
estimates, which were much higher in the past, before the short time series began. The 1940 recruitment
estimate is quite low relative to other estimatesin the early part of the time series. Thisis due to difficulty
in estimating the popul ation age structure when the catch at ageinformation isnot avail able until much later
and the fact that the first recruitment does not enter into the stock recruitment deviations in the objective
function. In thelong time series model fit, this small cohort was deemed more realistic than the exceedingly
large cohorts that were estimated under different choices for the lambdas, but this cohort estimate did not
affect the classification of current stock status as overfished or undergoing overfishing.
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The short times series estimated a different
pattern for the population abundance in the plus
group relative to thelong time series (Figure 68).
The 1997 estimates from all six ASAP analyses
are similar, but the level in the mid eighties and
early ninetiesarequitedifferent. Bothtimeseries
show a large depletion of the plus group occurs
rapidly, in about ten years, but differ asto when
this depletion occurred. This rapid depletion is
caused by the high sel ectivity estimated for ol der
fish in the commercial fisheries.

Total F

However, this difference in plus group
abundance estimates does not carry over into the
estimates of spawning stock from the six ASAP
estimates, which are al similar (Figure 69). The
long time series spawning stock (total female
gonad weight in the popul ation) islower than the
short time series estimates, but follows the same
pattern during the period 1986-1997. The
contrast between the plus group abundance and
spawning stock patternsis due to the plus group
not being the largest portion of the spawning
stock estimate, as it usualy is, due to the
protogynous hermaphrodism exhibited by this
species. Since females become males at older
ages, the relative abundance of the plus group
does not contribute as much to the spawning
stock estimates as it would in non sex changing
Species.

Total F

Figure 66. Total fishing mortality rates by age and year
Thefitsof thestock recruitment relationshipsare fromthe long time series (top panel) and short time
all reasonable, although the short time seriesfits Series with steepness fixed at 0.6 (bottom panel) ASAP
suffer from lack of regression range as discussed analyses. Highest F values are the most recent ones.
above (Figure 70). The recruitment
estimates for the five short times series Recruitment Recruitment izzzz:
are al nearly identical, as seen in | 1w ’ o st
Figure 67; changes in scale that make : A
them appear different in Figure 70. The :

millions of fish
millions of fish

five short time series fits cannot be

distinguished statistically, but they have
a major impact on calculations of
maximum sustainable yield (see
discussion below). This inability to Figure 67. Recruitment of age 1 fish in numbersfor the six
estimate a stock recruitment ASAP analyses.

relationship using data from only afew

recent yearsiscommon to many stocksin the southeast U.S. Thelong time series, however, contains enough
contrast in spawning stock and recruitment estimates to produce an estimabl e rel ationship. It should be noted
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that the model isestimating deviations

from the Beverton and Holt form and Plus Group Plus Group | 77O
thus a reasonable fit is guaranteed - e
because the stock recruitment points .
are not independent of the fit curve. "
Even given this caveat, thefit is quite k a0
strong, with the large positive 0 L R, ” ;
residuals from the early part of the 1940 1960 1980 2000 1005 1990 ws 200

time series. Other stock recruitment — - . = .
relationships could be fit to these Figure 68. Number of fish in the 20+ age category for the six

points with similar residual sum of ASAP analyses.

squares and would create differences in the maximum sustainable yield estimates in the same way as the
short time series. Thisfeature should be examined in future assessments. The stock recruitment curvesfrom
the six ASAP analyses are plotted on the same scalein Figure 71 to demonstrate their similarities. Note the
inverserel ationshi p between steepnessand virgin spawning stock size exhibited, which producescurveswith
similar fitsin the range where the data is present.

n
o
o

[
a
o

100 A4

thousands of fish

thousands of fish
=
ul o
o o

The catchability coefficients did not change much for any of the short time series analyses (the changes
cannot be seen graphically if they-axis minimum s set to zero). Only the two historical time seriesfromthe
longtimeseriesASAP analysis produced changesin the catchability coefficientsthat can be seen graphically
(Figure 72). Both indices have a
decreasing trend in catchability, a
counter-intuitive result. It should be
noted that the Cuban Historical index
had no catch at age information and the
U.S. Historical index had catch at age
information only for the years 1984-
1997. This means that selectivity could 1940 1960 1980 2000 1085 1080 1005 2000
notchange over all or most of the time Year Year

series. Thus, these changes in Figure69. Spawning stock, as measured by total female gonad

catchability areafunction of tryingtofit weight in the population, for the six ASAP analyses.
the total catch in weight while not

changing selectivity pattern and should not beinterpreted asthefishers decreasing their ability to catch fish.
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For the projections, a single selectivty pattern was formed for the total directed fishery and another single
pattern for the total discarded dead fish. These patterns were formed by summing the directed and discard
F at age from 1997 and rescaling by the maximum directed F at age. Thus, the discarded dead selectivity
pattern is afunction of the directed fishing mortality rate. The resulting selectivitieswere similar for all six
ASAP analyses (Figure 73). Thelong time series had lower directed (harvest) selectivity for ages 4 through
10relativetothe short time seriesanal yses and an associated | ower discard sel ectivity pattern. Theshort time
serieswith steepness fixed at 0.4 had slightly higher directed and discard selectivity patterns relative to the
other short time series, which were nearly indistinguishable. These patternsall correspond with the total F
shown in Figure 66 where old fish are fully selected and harvested while young fish are selected but
discarded dead.

Current conditionsrelativeto MSY parameters given these selectivity patternsare givenin Table 60 for the
six ASAP analyses. All analyses show the red grouper stock is both overfished (SS97/SSmsy<1.0-M) and
undergoing overfishing (FO7/Fmsy>1.0) and differ only in magnitude (Figure 74). Asstated above, thisresult
of the stock being overfished and undergoing overfishing was found for all choices of lambda values tried.
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The MSY estimates range from 6.5 to
11.1 million pounds and are inversely
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values can be compared to the 1997 F 0.0E+00 1.0E+09 2.0E+09 3.0E+09 0.0E+00 5.0E+08 1.0E+09 1.5E+09
for each ASAP analysis because the ss ss

same selectivity is used within an
anlysis. Theratio F97/Fmsy rangesfrom

Steep 6 Steep 8

1.38t0 3.21 for the six ASAP analyses, L0E+07 10E+07

which all correspond to values larger 8.0E+06 8.0E+06

than the maximum fishing mortality | , ®°*% o OOEF06

threshold (MFMT) of Fmsy. Likewise, G0E:007 & 40506

the ratio SS97/SSmsy rangesfrom0.19 | 7> | | | o | |
t00.60 for thesix ASAPanalyses, which 00E+00  10E+09  2.0E+09 00E+00  1O0E+09  2.0E+09
are al below a value of 1-M as ss ss

recommended inthe National Technical i ] . .
Guidelines document (Restrepo et al. Figure 70. Stock recruitment relationships for the six ASAP

1998) as a default minimum stock size analyses. Filled diamonds denote the estimates of stock and
threshold (MSST). The inverse recruitment, the solid lines denote the predicted Beverton and
relationship between F97/Fmsy and Holt curves, the curves end at the estimate of virgin spawning

SS97/SSmsy i's expected, the higher the Stock size.

fishing mortality rate the lower the

spawning stock. For the short time series analyses, the higher steepness causes the current conditions to be
estimated asworsethan thelow steepnessval ues, meaning lower spawning stock and higher Fin1997. These
high steepness values are classified as closer to recovery however because future recruitment cannot get
much larger than current levels as F is reduced to Fmsy, which itself is higher than the Fmsy for low
steepnessvalues. Thus, the form of the stock recruitment relationship determinesto alarge degreethe MSY
and related benchmarks used to classify the stock as overfished or undergoing overfishing. Using only the
short time series would not allow for estimation of stock recruitment relationship and thus management
would be more uncertain. Use of the long time series allows for better estimation of the stock recruitment
relationship, although it should be considered in light of the difficulties encountered selecting lambdas and
the poor quality of the catch at age information.

The ahility to recover the stock from the overfished condition within ten years under no fishing was
examined by setting F98 and F99 equal to F97 and then setting F to zero for years 2000 through 2009 for all
six ASAP analyses. In some, but not all, cases the stock can recover from the overfished condition
(SS/SSmsy>1.0) within ten years if no fishing mortality occurs (Figure 75). The short time series with
steepness values of 0.4 and 0.5 recovered in the years 2022 and 2013, respectively. Given ageneration time
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of nineyears, the short time serieswith steepness values
of 0.4 and 0.5 have recovery dates of 2031 and 2022, —#—Steep4 —@— Steep> —— Steep6
respectively, while the other ASAP analyses al have —&—Steep7 —><— Steep8 —&—Long

recovery dates of 2009 because they can recover within
ten years. This discontinuity in recovery date based on
whether or not the fishery can recover within ten years 1.5E+07
causes a discontinuity in the maximum constant catch

2.0E+07

that can be taken for recovery for the six ASAP analyses © LoROT

(Table 61). As steepness increases for the short time 5.0E+06

series from 0.4 to 0.5, the maximum constant catch for 0.0E400 J ‘ ‘
recovery increases from 2.20 to 3.20 million pounds. 0.0E+00 2 OE+09 4.0E+09

However, as steepnessfor the short time series continues
toincreaseto 0.6, the maximum constant catch decreases
to 1.65 million pound because the recovery date is now
10 yearsinstead of the recovery time under F=0 plusone Figure 71. Predicted stock recruitment curves
generation time. The maximum constant catch then fromthe six ASAP analyses. Curves end at the
continuestoincreasefor the short time seriesas steepness estimate of virgin spawning stock size.

increases to 0.7 and 0.8 while the recovery date remains

the same. Thelong ASAP analysis demonstrates this discontinuity aswell. Becauseit can recover withinten
years, but just barely, the maximum constant catch must be set low to allow for recovery withintheten years.
The extreme example of this discontinuity would be if the recovery under no fishing occured just one day
before the ten years elapsed. The maximum constant catch would then be unmeasurable.

SS

All of theserecovery projectionsare deterministic. Inclusion of uncertainty would almost certainly alow for
some probability of recovery taking longer than ten years under no fishing, with the possible exceptions of
the short time series with steepnessfixed at 0.7 or 0.8. Additionally, these projections of no fishing assume
that no fish are caught and discarded dead. If in fact fishing continued, but landings were prohibited, the
recovery timesfor all six ASAP analyseswould belonger, in some cases probably enough to make recovery
take more than ten years.

‘—e—Cuban Historical —=— US Historical ‘

For these reasons, projections were conducted to either 18508 -
the recovery date (short time series with steepness of 0.4 1.6E-08
or 0.5) or to the year 2020 (all other ASAP analyses). 1.4E-08 -

Two constant F strategies were considered, the 1997 F | £ 12608
. . 2 1.0E-08 -
and Fmsy, and five constant catch strategies were | £ 5o o0 |
considered, catches of 1, 2, 3, 4, and 5 million pounds. & 6.0E-09 -
Yields from the constant F strategies and the ratio of 4.0E-09 1
SS/SSmsy for all strategiesfor thesix ASAPanalysesare o ]
given in Tables 62-67. In all ASAP analyses, the current T oo 1960 1080 2000
F istoo high for recovery to occur by 2020, even though Year

catch can increase in some cases. Application of Fmsy
results in an immediate decrease in landings, but the Figure 72. Catchability over time for two
landings then increase over time, often to produce larger
total landingsthan the F97 strategy by the year 2020. The
constant catch strategies allow for recovery by the year
2020 at different values for the six ASAP analyses. It
should be noted that a constant catch that allows recovery for one ASAP analysis could cause the stock to
crash for adifferent ASAP analysis.

indices from the long time series ASAP
analyses. All other catchability changes over
time were too small to detect graphicallly.
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Figure 74. Fishing mortality rate and spawning
stock ratios of current to maximum sustainable
yield values. Points above the horizontal line
are undergoing overfishing, while pointsto the
left of the left vertical line are overfished.
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Figure 73. Sdlectivity at age for projections of
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Figure 75. Recovery under F=0 starting in the
year 2000 for the six ASAP analyses.



Estimates of age-based fishing mortality from
the ASAP model relative to the previous
assessment are shown in Figure 76. A distinct
similarity existsbetween the previous estimates
and those estimated in the current assessment.
Both assessments estimated the average rate of
fishing mortality for ages 5-11 to be
approximately F = 0.30 for the years in which
they overlap (1986-1992).
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Figure 76. Estimates of average fishing mortality for

ages 5-11 from previous assessment (1993), the ASAP

model using the short time series (short-99), and the
long time series (long-99).
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