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Trends in Gulf of Mexico
Red Snapper Population Dynamics, 1979=85

Introduction

The Gulf of Mexico (GM) red snapper, Lutjanus campechanus, is exploited

both commercially and recreationslly. Nominal U.S. GM commercial catches ranged
between 4.3 and 8.1 million pounds from 1964 to 1985. Estimated recreational
catches by U.S. fishermen varied between 1.5 to 6.0 million fish fromw 1979 to
1985, Catches of red snapper by U.5. sport fishermen and foreign nationals
{i.e., Cuba and Mexico) previous to 1979 are not known although recreational
catch information exists for specific geographical areas (see Gulf of Mexico
Reef Fish Fighery Management Plan (GM FMP, 1981). |

Biological studies of red snapper are numerous. The species range extends
throughout the Gulf of Mexico to the Yucatan Pennisula, into Atlantic waters
along the southeastern U.S. to Bermuda, and along the northern coast of Cuba.
Several synopses of the literature on western Atlantic lutjanids exist
(Tashiro 1979, Dennis (unpublished) 1984, Grimes 1985, Leis 1985). These
studies addressed systematics, maturation, reproduction, early development, age
and growth, and adult movements and distribution. The taxonomic status of the
adult red enapper, reviewed several times (Jordan and Swain 1885, Jordan and
Fesler 1893, Jordan and Evermann 1898, Hildebrand and Ginsburg 1925, Ginsburg
1930 = all cited in Rivas 1966), 1s summarized here. About ten snapper épecies
historically have been marketed as red snapper; however, only five of these have

been considered as "true' red snapper (L. aya, L. blackfordii, L. campechanus,

L. purpureus and L. vivanus). Rivas (1966) revised the western Atlantic species
of Lutjanus and concluded that:
1. two species of allopatric red snapper occur = L. campechanus

(Gulf of Mexico red snapper) and L. purpureus ‘(Caribbean red
snapper).



2. L. vivanus (silk snapper) occurs with both species of red
snappers and is their closest phylogenetic relative.

3. L. blackfordii is synmonymous with L. campechanus, the latter
specific title recognized as the oldest and most valid.

4. the pnapper referred to as L. aya (Bloch 1790) was probably
not a lutjanid.

This study deals only with U.S. Gulf of Mexico L. campechanus which is referred
to as red snapper throughout this paper.

The complete population dynamics of the GM red snapper resource has not been
previocusly addressed. Information needed to investigate historical trends in
population abundance and exploitation levels of the entire resource is not
available. Population studies thus far have reported nominal U.S. commercial
catches and estimates of sport catches and investigated trends in recreational
catch per wnit of effort in the GM {Cummings and Chewning 1986), addressed
aspects of yleld per recruit (Waters and Huntsman 1984), and provided results
of fitting production models to historical catch (landings) and effort data

for isolated geographical regions (Gazey and Galloway 1980).

History of the Fishery

Documentation exists describing development of the GM commercial red
snapper fishery (Stearns 1885, Jarvie 1935, Camber 1955, Moe 1963, Carpenter
1965). A brief account taken from these sources is summarized below. The
initial fishery began about 1835. New England vessels sailed to the northe-
western GM and fished inside the 40 fm contour between Mobile, Alabama and
Pensacola, Florida (Figure 1). Grounds reportedly h&ving fighable con-
centrations of red snapper were discovered off the Florida Middle Grounds by
1850 and off Texas (The "Western™ grounds -or "Galveston Lumps®) and Tortugas,

Florida by around 1880 and 1890. According to the available information,



American vessels fished the Campeche Banks off Mexico ("Eastern”, “Arcas”,
and “Between the Reefs™ grounds) beginning around 1891,

The early fishery captured fish mainly by handline using various baits
(e.g., Qqﬁid, lady fish, spanish mackerel, blue runner, mullet, menhaden, and
shrimp) and preserved the catch primarily in live wells. Ice was also used to
preserve the catch; however, this was not a widespread practice until around
1895 because of cosis. Vessels used in the early fishery were mainly two types
of gsail-powered craft:

1. "smacks”: Gloucester and Portland vessels about 50-100 feet
in length and from 30-60 tons in eize, having a
crew capacity of about 12 persons, and capable
of making trips 2+4 weeks long.

2. “"chings™: Small vessels about 30=40 feet long and about 10+20 ton
glze, holding a crew of up to 7, and making trips of up
to about one week long.

Changes likely affecting production in the early fishery occurred in the
early 1920'e with the introduction of gasoline and diesel powered engines to the
fleet. According to historical accounts of the fishery, conversion from a 100%
sail~powered fleet to one completely auxillary powered occurred by 1945, but as
late as the 1960's many vessels in the fleet still used some sail power in
addition to the main engine. Other operational changes to the fishery which

may or may not have affected production were:

1. Addition of vessels to the fleet with greater horsepower, crew
capacity, and catcheholding capacity

2, Introduction of more efficlent fishing gear (i.e., power amd
hand driven reels) in the 1950's

3. Discovery of other unfished and productive grounds using
modern navigation instruments (sonar and LORAN).



Records indicate the fleet may have contained as many as 100 full-time snapper
boats in 1935 and, although few boats were added between 1935 and 1955, as many
as 300‘v¢sse13 may have been in operation in 1965.

The present commercial red snapper fishery remains mainly a rod and reel
"f£3shing operation (employing one armed bandit gear (bicycle rigs) or electric
reels). Catches of red snapper by stationary gear (bottom longline and buoy),
although apparently unsuccessful in the early fishery, were a major portion of
removals between 1981 and 1985. The precise number of full-time vessels in the
present fishery is unknown because veesels participating in the red smapper
fishery of the 1980's also operate in other GM fisheries (directed shrimping,
hook and line and bottom longlining for groupers, and tuna fisheries).
Information obtained from those familiar with the fishery regarding the number
of vessels presently participating in the U.S. Gulf of Mexico red snapper

fishery 1s given (Table 1).

Objectives

This study investigates the population dynamics of U.S.-managed red snapper
resources In the Gulf of Mexico. Estimates of numbers caught at size are
developed, 1979-85, from annual reported commercial catches in total weight,
estimates of recreational catches in mumbers, size frequency samples from
commercial and sport catches, and weight-length relations. Information derived
from age and growth studies (Parrack 1986a) is used to convert estimated annual
densities of catch by length interval (size) to annual catch at age demsities.
These annual catch at age densitjes and red snapper stock abundance indices
based on catch per unit of effort samples from commercial (bottom longline
and rod and reel) and recreational (headboat) fisheries are used to investigate

trends in higtorical red snapper stock abundance and exploitation levels.



Stock Structure

Information is not available to determine with reasonable certainty the
number of or geographical boundaries of red snapper stocks in the Gulf of
Mexico. Federal management in the GM is restricted under the Fishery
Conservation Management Act (FCMA) to catches taken from within the U.S. Fishery
Conservation Zone (FCZ) {corresponding té GM statistical reporting zones 1+21).
Historically, the fishery operated inside the 100 fathom contour (GM Reef Fish
FMP 1981) corresponding approximately with the outer edge of the continental
shelf.

Evidence exists iIndicating adult and juvenile red snapper undergo movements
mainly from near=shore to offshore (Beaumariage 1969, Wade 1978, Fable 1980,
Holt and Arnold 1982, Rosman 1983). Results from these studies suggest limited
movements from shallow to deeper waters may occur (thought by some to be asso-
ciated with nearing of winter) and a general seaward migration has been observed
for some regions (off Alabama). The majority of the studiea presented results
showing virtually little movement outside the release area (home reef system).
A few investigators reported movements of individual fish that were considered
significant ({.e., > 5 nm and up to 150 nm) (Table 2). Although this study does
not consider transboundary movements, possible movement outside the area of
management by the U.S. (statistical reporting zones 1+21) seems liely.

In consideration that alongshore movement is very limited and general
knowledge of those familiar with the fishery that isolated densities in the
vicinity of bottom obstructions are common, locations of commonly known snapper
grounds were charted and gtudied (Figure 1). This information indicated
five general areas in the GM, three on the east of the Mississippi outfall

and two on the west. An analysis of available growth data (Parrack 1986b)



indicated strong differences in growth between the eastern and western GM;
therefore, this study assumed two stocks, the east (statistical zones 1+12)

and the west (statistical zones 13~21). Within each of these, major grounds
exiated‘uhere geat~year-quarter specific size samples from catches were similar.
These grounds include: Tortugas (statistical zones 1+5), the Middle Grounds
(statistical zones 6-10) and the Mississippi River delta region (areas 11

and 12) in the Eastern Gulf, and the Galveston Lumps and north central GM
{Western grounds) (statistical zones 13~18) and the Western grounds (zones

19=21) in the Western Gulf.

Catches

Reported commercial catches (in weight), estimates of sport catches (in
numbers), size frequency (length) samples, and weight=length relations were used
to estimate numbers caught at age of historical red snapper catches since 1979,
Data were not available to determine numbers captured by all fisheries that
exploited GM red snapper before 1979. Data sources for the catches and gamples
of the catches (commercial and eport), estimation procedures for determining
numbers captured at length interval, and methodology used to convert numbers at
length to numbers at age were similar for the eastern and western stocks.
Sources of catches and size frequency samples and procedures used to estimate
annual age specific catches of the commercial and sport fisheries are given
below and address the two stocks together. This study addressed historical
trends in stock abundance and exploitation levels of U.S. managed red snapper
resources. Total numbers captured were estimated only for U.S. GM catches from
statistical reporting zones 1-21 and these estimates then used to develop

estimates of annual numbers in the catches by age.



Commercial Catches

Nominal U.S. catches (in weight) were available from the Kational Marine
Fisheries Service (NMFS), Southeast Pisheries Center (SEFC), Economics and
Statistics Office (ESO). Information available for all catches excluding
-catches by Florida fishermen was the year, month, county landed, statistical
reporting zone, gear of capture, and whole weight caught (pounds). Catches from
Florida were reported in gutted weight and were available by two reporting
stratifications:

1. year=-month of capture and county landed or

2. year captured, county landed, gear of capture, and
statistical reporting zone.

Florifda's reported red snapper catches from the second partitioning were used in
this study and were raised to whole weights using the NMFS, Washington, D.C.,
conversion factor of 1.08.

The magnitude of non-reporting and the degree of mixed species reporting in
the commercial catches are unknown. Landings by Florida west coast fishermen
ranged from 41 to 70 percent of the 1979-85 total landings (see Table 4); red
snapper, mangrove, lane, yellowtail, vermjillion, mutton, and white snapper have
been reported separately in these landings since 1960 (Fisheries Statistics of
the U.S.). Some existing information suggests the amount of mixed species
reporting may be small for Texas rod and reel catches (Cummings and Chewning
1986). Catches by trawl gear contribute insignificantly to the total red
snapper catch {in weight) (about 3=4 percent per year since 1979) (see
Table 5), thus this source of error is likely small,

An attempt was made to further quantify the magnitude of mixed species

teporting in the rod and reel catches. PField personnel involved with collection



and reporting of the commercial catch statistics were contacted. Information
obtained indicated historical rod and reel snapper catches landed in

Mississippl contained significant quantities of vermillion snapper, Rhomboplites

aurorubens (beeliners), since about 1980 (Hermes Hague, personal communication).
-According to the information obtained, the magnitude of beeliner landings in
Migsissippil before 1980 was probably insignificant. Prior to that time a
limited warket for beeliners existed so landings of this specles may not have
been large because catches were discouraged. Data were obtained from the NMFS
port agent in Mississippi to quantify the magnitude of vermillion snapper
catches included in historical Mississippl red snapper landings for 1984

and 1985 (Table 3). These data were used to adjust the historical reported
commercial catches (in weight) of red snapper for 1984 and 1985 and are
believed to be the best information avallable.

Annual Gulf of Mexico red snapper commercial catches (by U.S. fishermen)
ranged from 4.3 to 7.1 million pounds and averaged 5.4 million pounds during
1979+85 (Table 4). These removals are given by type of fishery (rod and reel,
longline, trawl, other) and general fishing grounds (i.e., Tortugas, Middle
Grounds, Delta, Galveston Lumps, Western) (Table 5). Catches from 1964 to the
present are aleo given (Table 1 of the Appendix). Red snapper catches from the
Eastern Gulf stock declined by about half (in weight) over the seven year
period, 1979+1985, while reported catches {in weight) from the Western Gulf
stock increased by about onesthird. Peak catches occurred in 1983 at about 2.8
and 4.3 million pounds (east, west stock). The reported 1985 catches were 57

and 28 percent below the 1983 values (east, west). Removals by rod and reel



fishermen dominated the seven year catch period. Hook and line gear has been
the primary snapper gear fished throughout the Gulf of Mexico since 1950
(Cummings and Chewning 1986). Catches from longlining operations contributed
secondly in fmportance to red snapper removals. The GM directed bottom longline
- fishery for snappers and groupers begen in 1980 and catches of red enapper
peaked in 1983 for the east stock (429 thousand pounds) and 1985 for the west
stock (816 thousand pounds). Annual reported landings by longline gear ranged
between 5 and 22 percent of the total Gulf catch during 1980-85. Catches by
trawl gear are an insignificant portion of annual catches for both stocks
ranging from 1.7% to 3.6% (east stock) and from 3.32 to 5.6% (west stock) of the
totsl catches for each stock over the seven year period. In 1985, 67 and 85
percent of the total rod and reel and longline catch (respectively) were from

the west stock.

Recreational Cetches

Estimates of U.S. recreatjonal red snapper catches were obtained from the
NMFS, National Fishery Statistics Program (NFSP), Washington, D.C., for 1979
to 1985, These data were available by year, two-month catch interval (wave),
state caught, fishery (f.e., charter/party, privete-rental, man-made/structure/
beach-bank)}, and area off shore catch partitions (Table 6). Estimated numbers
caught from this source include separate estimates of fish landed whole, fish
caught and released, and fish used for bait, discarded, etc. The sport catch
estimates used in this study are all three of the above estimates combined.
Estimated standard errors and the coefficient of varjation of estimated numbers

caught from this source were available by year for the total GM sport catch.
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Estimates of numbers caught by U.S. sport fishermen are not available from
this source for the 1981 January through February catch interval (wave 1) for
all stdteg. The red snapper sport catch during wave 1 1981 was estimated for
each year=state-fishery-offshore area catch partition by assigning the average
‘proportion of the wave 1 sport catch over the entire historical period (i.e.,
1979, 1980, 1982, 1983, 1984, and 1985) to the 1981 year total. Estimates of
numbers caught provided from this program also do not include removals by the
charter/party or the private-rental fisheries in Texas for 1982, 1983, or 1984,
The sport catches of these recreational fishing sectors were obtained directly
from published estimates of harvest determined from recreational fishing surveys
carried out by the Texas Parks and Wildlife Department (TPWD) and are believed
to be conservative estimates of the true catches (Table 7). Published harvest
estimates from the TPWD include numbers caught by headboats and party boats
(privately owned for hire fishing vessels usually carrying > 8 or { B fishermen
respectively) and of fishermen from individuslly owned small boats (private-
rental fishery) by specific geographical areas of the Texas coast for a year~
season catch period. Information on the standard error of these estimates is
available for some estimates. Estimates of sport catches for the 1985
November -December catch interval {(wave 6) were not available from the NMFS,

NFSP at the time this assessment was performed. No attempt was made to estimate
these catches; therefore, the 1985 sport catches should be viewed as preliminary
values.

Estimated U.S. GM sport catches ranged from 1.5 to 6.0 million fish
annually, 1979-85, with fishermen from Loulsiana annually having the largest
catches with the single exception of 1979 (Table 8). The charter/party {or
party/headboat) and private rental sectors were the main contributors to the red

snapper sport catches during 1979-1985 based on the data in Tables 7 and 8.
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Estimates of sport catches obtained from the NMFS, NFSP are summarized by
year, state caught, and area offshore catch reporting partitions (Table 9).
Total sport catches of the two stocks ranged from 0.7 to 3.1 and 0.7 to 3.5
million fish (east, west) annually over the seven year period with peak
estimates occurring in 1979 and 1981 (east, west) (Table 10). During all years
estimated sport cetches from the west were higher than east stock sport catches.

Mortality from causes other than directed commercial and sport anapper
figheries (i.e., discards, incidental catch by the shrimp fleet) may have
occurred during the period under investigation in this study (1979-85).
Comprehensive information on such removals does not exist. The amount of
discarded catch is believed to be negligible for purposes of this study. It is
certain that mortality is imposed by the GM directed shrimp fishery; however,
the exact magnitude and size composition of red snapper captured incidentally as
a by=catch in the GM directed shrimp fishery are unknown. Some information on
total weight and total numbers of red snapper caught (in shrimp trawls) is
available from research trawl surveys and from by=-catch samples for specific
geographical aress (Nelson et al. 1982, Pellegrin et al. unpubl.). Information
does not exist to qQuantify the precise age structure of such catches and it is
not known to what extent individuals from such catches are available (recruited)
to the commercial and recreational snapper fisheries. Although the magnitude of
this indirect mortality and the subsequent effect on the population have not
been precisely estimated, the likelihood of a significant effect cannot be

dismissed.

Size Frequency Samples of the Catches

Randomly collected samples from GM U.S. commercial and recreational red
snapper catches were obained from several sources including NMFS, SEFC port

agents, other federal laboratories, state agencies, private individuals,
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NMFS State-Federal Cooperative Statistics Program (the CSBSP), and the NMFS
Marine Recreational Fishermen Statistics Survey (MRFSS) for catches from
1972-85 (Table 11). For each individual fish sampled the year and month
captured, day sampled, general location of capture (or port of 1anding), and one
- or more observed measures of length (fork, total, or standard (mm)) or weight
(grams or pounds) were recorded. FPor the majority of the samples obtained type
of fishing gear used was known (e.g., commercial (hook and line, bottom
longline, vertical longline (buoy fishing), recreational (headboat, party boat,
private, other)). It was possible to assign nearly all samples to a statistical
reporting grid (see Figure 1) from location of capture data given and state
landed was alwaye known for those samples not assigned to a statistical grid.
These latter samples were mainly from sport catches, were few in number, and
could usually be designated as taken from a catch of the east or west stock
easily. Recorded also for many samples were offshore area (in miles) and depth
of fighing information. The latter, depth of fishing, was not retained for
estimating total numbers in the catches. Depth information was not included for
the catches and the reliability of this information on the samples was unknown.
Information regarding the distance offshore of samples was not retained either
for estimation of numbers in the catch. The majority of the commercial catches
(in weight and frequency) were reported taken either > 10 miles from shore or
else the location was not reported (Table 12). Recreational catch estimates
were avaflable by area offshore partitions; however, the majority of the sport
catch samples obtained in this study were reported taken from > 10 miles from
shore (Table 13). Information prov!deé from TPWD publications indicates catches
of red snapper by headboat fishermen are the major portion of amnual red egnapper
catches in Texas and, the majority of such catches are taken from fishing grounds

located in the ¥CZ (i.,e., > 10 miles from shore) (Osburn and Ferguson 1985,

.
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1986). Some samples included information on sex, however, the majority did not.
Analysis results of red snapper age and growth ptudies indicated growth was
likely not different between sexes (Futch and Bruger 1976, Nelson 1980, Zastrow
1984, Parrack 1986a). Further support for not retaining sex specificity within
ianples for use in determining numbers in the catch at length interval (by sex)
regards the frequency of males and females in catches (or samples). Available
information indicates observed sex ratios in historical catches are not grossly
different from 1:1 (Table 14).

Plots of the individuzl length frequency samples by year-month=fishing
grounds~-gear partitions were made and visually inspected to identify 1f likely
errors {(keypunch) existed or if gross outliers were present. These plots were
inspected also to identify general patterns in size structure of catches within
year, month (and quarter), fishing grounds, and gear catch partitions.

Size frequency samples were obtained for 1970-853, however, information on
the catches was incomplete prior to 1979 so only samples from 1979 forward used
in assessment of historical abundance are discussed here. Numbers of red
snapper sampled for length from sport and commercial eatches ranged from about
5,000 fish to 12,000 fish from 1979-85 (Table 15). Samples were obtained from
commercial rod and reel and longline (bottom and buoy) catches and from all
three recreational fisheries (private-rental, charter/party (headboat), other).
Only a very few samples were reported from trawl catches. Numbers of fish
sanpled by the Floridas Department of Natural Resources, the TFWD, and the NMFS
State-Federal Cooperative Statistice Programs made up the majority of samples.
The size (length) range of fish sampled’varled widely depending upon the
specific fishery (i.e., commercial or sport), fishing grounds, year, and/or
season. Casual inspection of the size frequency plots (available upon request)

indicated a large number of small fish (< 40 cm fork length) in the samples and
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that the majority of these were from sport catches. These plots indicate the
commercial rod and reel fishery captured fish of a wide gize range. Sampling
intensity was highly variable between years for both stocks and is not umex-
pected ﬁiﬁce intensive sampling of the GM reef fish fisheries began only in the
wid~1980's with placement of an FMP. The sample sizes shown here indicate
namely:

1. red snapper commercial catches for many individual

year month-fishing ground=gear partitions were poorly

sawpled or were not sampled at all for both stocks and

2. recreational catches from both stocks were reasonably well
sampled for most year-fishing ground-quarter catch partitions.

Few samples included size information on weight and not length, so the
latter measure of size (length) was used to estimate total numbers in the
commercial catches and numbers at length interval from sport and commercial
catches. Little size frequency iInformation was lost by excluding samples
without length data from the red snapper historical size frequency data base
used to determine annuval numbers in the catch by length interval for 1979-85.
All fishing grounds and all months of the year were represented in the samples,
however, not all year=month=-fishing ground-gear catch partitions were sampled
(Table 15). All length samples were converted to fork length (em) for use in
estimating total numbers in the catch using length conversion formulae developed

by Parrack (1986b) (Table 16).

Estimation of Numbers Caught at Size and Age
Reported commercial catches (in weight) and estimates of sport catches
{in numbers) were combined to estimate total numbers in the catch by length
interval since 1979. Prior to 1979 comprehensive information on sport catches
and removals by foreign nationals did not exist. Estimates of total annual

numbers caught were developed separately for the east and west stocks, 1979-85,
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for commercial and sport catches using annual reported commercial catches {(in
weight), estimates of recreational catches (in numbers), length samples of the
1979=-85 catches, and weighte-length relatfons. Estimates of total numbers in the
catches were distributed over length and then over age. General methodology and
astimation procedures for determining numbers caught {(for commercial catches),
numbers at length interval and at age were similar for both stocks and are
addressed below. Details of estimating numbers at length and at age are given
geparately following this general overview.

First the total numbers in each reported commercial catch were determined
by dividing the reported weight caught by an estimate of the average weight of
an individual in the catch, the latter determined from the average size {length)
in the catch and an appropriate weight-length equation. Since the exact size
structure of the catches was unknown, samples (described above, p. 11) were
used to estimate numbers caught. Samples were not available for all year~month=-
fishing ground=gear catch partitions, s» substitutions were made for many
catches. Substitions were also made in cases when a matching sample existed for
a yearequarter~=fishing ground=gear specific catch, but was rejected because:
(1) the sample size was considered extremely low (< 25 fish), (2) the length
sample appeared truncated, or (3) the sample was grossly different from other
samples of the same gear or quarter or area partition. Substitutions were made
by selecting samples from nearby quarters, similar gears, and nearby fishing
grounds (Table 17). Then, the estimated total numbers in the catch were
distributed over length according to the numbers at length in the sample.
Recreational catches were reported in total numbers, so after selection of an
appropriate length sample(s), these values were simply distributed over length
interval in the same manner. Then, the individual densities of numbers in the

catch by length interval were transformed to densities of numbers at age using
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analysis results of red snapper age and growth investigations (Parrack i9863).
Two methods were used to convert length densities to age densities. First the
von Bertalanffy growth functions developed by Parrack (1986a) were inverted and
age determined for each length in the catch at length density. The stochastic
-method described by Shepherd (1985) was employed to obtain a second set of
annual catch at age estimates. Finally, the individual densities of catch at
age {resulting from the two methods) were combined across quarter of the year,
fishing gear, and fishing grounds within year for each stock to develop annual

catch at age tables by vear for each method and these results were studied.

Estimation of Numbers at Length

Temporal and spatial resolution within year of the catches and of samples
were considered sufficient to use quarter of the year-major fishing area=~gear
catch partitions for determining total numbers in the commercial catches.

This temporal and spatial resolution was considered the largest which would
still have a reasonable probability of reflecting accurate size structure of
catches, and the minimum which would ensure a likelihood of obtaining reasonable
sample sizes. Age and growth studies indicated red enapper growth slowed down
after age 2 and averaged about 2 cm per quarter thereafter (Parrack 1986a);
thus, within year resolution of quarters seemed adequate for reflecting within
year catch biometrice. In addition samples of the catches were unavailable for
many year=month-fishing area~gear catch partitions for which catches occurred
(see Table 15). Age and growth studies indicated growth differed between the
Eastern and Western Gulf, and inspection of plots of size frequency samples
suggested the size structure of catche; varied between major fishing grounds.

Therefore, the five major fishing grounds (Figure 1) were used as the smallest
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spatial resolution for assigning samples to catches. Inspection of plots of
individual size frequency samples indicated the size composition of catches
differed between the commercial and sport fisheries. Six major gear types
present iﬁ the samples and in the catches (commercial (rod and reel, trawl,
1ongline, trap, other) and sport) were designated as the smallest resolution
in fishing gear for assigning samples.

Estimates of sport catches obtained from the NMFS, NFSP were not avallable
for the charter and party sectors separately and, although length samples used
in this study were separated for these two fisheries, no attempt was made in this
study to separate the NMFS, NFSP catch estimates for those fisheries. Published
harvest estimates obtained from the TPWD publications were provided separately
for these fishing sectors (i.e., headboat (party), party (charter)) in Texas.

In this study sport samples were combined across all sport gears within year-
quarter »fishing ground partitions as were sport catch estimates and numbers at
length interval of recreational red snapper catches determined.

The catches were combined within year=quarter=major fishing ground and gear
(commercial»rod and reel, trawl, longline, other) catch partitions, and one
or more length samples assigned to each catch. Total numbers in the catch were

computed for the commercial catches from the equation below:

C= W Equation 1
max

(P alb)

+

where

estimated catch (in numbers)

W = reported catch (in weight)

P1 = proportion of catch sample of length 1
(fork length {(cm))

(2]
[ ]

and
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min and max refer to the minimum and maximum observed lengths
in the sample, and a and b are quarter specific weight=~length
equation constants (Table 16) .
and then the estimated total catch (C) (recreational, sport) was proportioned
over length as

Ci=Cc* Equation 2

where

f refers to frequency at length interval.

Bere, quarter of the year=specific weight length relations (Table 16) were used.
Separate weight-length relations were not available for all year=quarter=fishing
grounds partitions for which & catch was reported. Results of weighte=length
investigations indicated the variability in weight at length was low and the use
of quarter=specific weight=-length equations adequately described the weight~-
length relationship {Parrack 1986b). It is almost certain, however, th~t year
to year variation exists. Finally, the individual lengthe=specific catches were
combined within year and gear for each stock across gquarter of the year and
fishing ground partitions to obtain annual densities of numbers caught at length
interval for each stock.

A number of catches required special attention. Such catches were ones for
which the quarter of capture was not known. These were commercfal catches
reported by Florida and some of the Texas headboat and private/rental sport
catch estimates, published by the TPWD, during 1982, 1983, and 1984, 1In
addition to not knowing quarter captured, a few of the TPWD published harvest
estimates covered a year-season catch interval that included two years. These

were special cases and were handled conservatively by assigning one or more
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samples to each, and then distributing the entire catch over quarter (or year and
quarter) directly according to the distribution of the numbers in the samples.

In the case of Florida catches, samples from the entire year were used. For the
Texas sport catches, samples from the year=-season reporting period were used., 1If
the estimated catch included two years (e.g., September 82-May 83), then samples
from 1982 (September-December) and 1983 (January-May) were used to estimate the
catch at length for that catch. This procedure of allocating the catch to
quarter of the year was not optimal, however, it was reasonable and may be more
logical than distributing the catch evenly across the time interval or simply
assigning the catch to an arbitrary time period of the year. Available infor~
mation suggests that Florida's commercial red snapper catches are taken during
all months of the year (Table 18); however, the distribution of catches within
vear is not available by gear and fishing grounds or by either of these par~
titions alone (see Commercial Catches, p. 7 for a review of information
available for catches).

The rationale used in assigning samples to catches was suymmarized by
computing “sizing method" fractions for each stock, year, and fishery
(commercial, sport). Here, catches were combined within year and stock across
quarter of the year and gear (within commercial and sport sectors). Then the
proportions of those catches assigned substitute samples (according to substitu-
tion categories given in Table 17) or assigned matching samples from the same
year =quarter=fishing ground=gear catch partition were computed. These results
provide a simple way of summarizing the logic used here to estimate numbers
at length interval (Tables 19-22), and 1llustrate objectively the strengths and
weaknesses of the size frequency database. Optimally, it would have beenr
desirable for all year-quarter=fishing ground-gear catches to have been sampled;

however, this was not the case for this resource and should be recognized.
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Calculated sampling proportions indicate the majority of year=-quarter~
fishing ground=-sport catches were sampled in terms of frequency of catches and
in terﬁs_of total numbers of the annual sport catches (Tsbles 19 and 22). Very
few substitutions were required for recreational catches of either stock with
-the exception of 1984 and 1985 for catches from the east stock (Delta region).
Commercial catches (from both stocks) were moderately well sampled (in terms of
weight) during 1979, 1980, 1984 and 1985, however, commercial gears were much
less intensively sampled during all years than the recreational fishery.
Between 1980 and 1983 all commercial red snapper fisheries in the eastern Gulf
of Mexico were only moderately sampled. Commercial catches from the rod and
reel fishery off the Florida Middle Grounds were reasonably sampled during 1979
and 1980 (Tadle 15). Trawl catches from both stocks were either lightly sampled
or not sampled at all in wmost years with regard to quarter of the year and
fishing grounds. Sample sizes of available catch samples show that within year

or within quarter or within fighing grounds partitions (but not in combination),

both fisheries (i.e., commercial, sport) were sampled. These results also
indicate that many commercial gear-year=quarter=fishing ground catches were not
sampled, with 1983 being one of the least sampled years during the seven year
period.

Estimated total numbers of red snapper captured by sport and commercial
fishermen combined ranged from 0.9 to 3.2 and 1.4 to 4.3 million fish annually
during 1979-85 (east, west stock) (Table 23). These estimates (and Table 10)
indicate peak commercial catches occurred in 1983 for both stocks at about 900
thousand (east) and 1.4 million (west) -fish. As was the case for reported
commercial yields (see Table 5), estimates of numbers caught (by commercial

gears) from the west stock are much higher during all years of the study period.
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The lowest estimated commercial catch (in numbers) on record during the period
occurred during 1985 for the west stock and in 1981 for the east stock. 1In
terms of weight caught, the lowest (commercial) catches during the seven year
period were 1985 and 1979 for the east and west stocks respectively. Reported
numbers caught (estimates of) by sport fishermen are about 2+3 times higher than
estimated numbers of fish captured by commercial fishermen (see Tables 10 and
23). The variability of sport estimates is probably not low. Estimated coef-
ficients of variation for the NMFS, NFSP sport catches indicate annual estimates
may vary by as much as 26 to 72 percent over the entire combined GM (i.e.,
Florida, Alabama, Mississippi, Louisiana, and Texas) (Table 24) catches.
General information exists concerning the variability of sport catches
estimates; however, no attempt was made in this initial investigation to adjust
individual year=state-wave=-fishery catch partition catch estimates because
precision of the individual estimates 1s unknown (NMFS 1984, 1985a,b, 1986).
Estimated annual numbers caught by length interval (Tables 25 and 26, Figures 2
and 3) at best provide information on general trends in size composition of
historical red snapper catches. These estimates are in error due to:

1. inaccuracies in the commercial catches (i.e., misreporting, non-reporting),
2. variability in recreational catches, 3. estimation error from determining
numbers caught in commercial catches from reported weight, and 4. errors intro-
duced from the rationale used to size catches and, therefore, should be used
with caution. A consistent observatfon from these results is the dominance of
small fish in the total annual catches and the lack of large numbers of old

fish.

Estimation of Numbers at Age

Estimates of annual numbers at age in U.S. GM red snapper catches, 1979-85,

were developed for the east and west stocks (separately) from estimates of
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nunbers caught by length interval developed in this study. Age-length keys were
not available for all year~quarter catches of either stock, however, growth
1nform#tion was present from the eastern and western GM and provided a way of
transforming length frequency to age frequency. Two methods were used to transe
-form annual densities of numbers caught at length interval (within quarter,
gear, and fishing ground catch partitione) to numbers caught at age. Estimates
of catch at age were developed using two assumptions of red snapper growth based
on results of growth Investigations (Parrack 1986a):

1. growth differed between the eastern and western Gulf of
Mexico,

2. within year resolution of quarters was sufficient for
deseribing within year growth.

Inspection of size frequency samples indicated fish as small as 10 cm and
as large as 120 cm were present in the catches, however, the majority of
individuals sampled were between 15 and 95 cm in length corresponding to young
of the year (age (4) to age 16. Estimation of numbers at age was carried out
agsuming 15 discrete age groups and a 16+ category assigned to individusls
estimated to be age 16 or greater.

The first wethod employed to convert length densities to age densities
was referred to as the growth equation mwethod. The von Bertalanffy function

Ly=Lo (1 ~ e~k (a = t§)) von Bertalanffy (1934)
Equation 3

where,

a = age and k, Lo and t{ are equation parameters derived for the
eastern and western GM red snapper stocks by non=linear least
squares methods (Parrack 1986b) (Table 16).
was inverted to give the following deterministic equation for estimating age

from length.

a = 1 *In(_Leo )+ty Equation &4
k o~ Lt
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The densities of catch in numbers at length interval were combined across
fishing grounds within year, quarter, and gear partitions for each stock. Then
the equation (above) was used to estimate age for each length specific catch and
that age subtracted from the reported catch year to establish year of birth
{cohort). Here, fish whose birth time computed as falling between the first and
fourth quarters were designated as belonging to that year's yvear class. This
procedure was repeated until age was determined for all lengths of a catch and
until all length densities were converted to age densities. The age specific
catch densities were then summed up over quarter and gear within vear and stock
to give numbers caught at age and year for the two stocks (Tables 27-28).

The use of the above method to transform length frequency to age frequency
introduces several biases into the resulting estimates of numbers at age
(Bartoo and Parker 1983):

l. estimation bias in Lo requiring observed lengths > L
be omitted from calculations or dealt with individually.

2. as lengths approach the maximum determined by the
von Bertalanffy equation (g,,) the method gives
unreasonable old ages.

3. the deterministic age produced fromw model parameters for
length . 1is not the only age that exists (for ) ) and may
not be the most probable.

4. bias introduced from reversing the independent variable
between the von Bertalanffy equation and the inverted
form (equation 4).

Shepherd (1985) suggests a non-linear least squares system that accounts for
the variance of length given age and thus avoids bias due to the above problems.
The method estimates age frequency by minimizing the expression

8§ = % ¥y -~ (zPr (].:j))eNj)z. Equation 5
J
with respect to the Ny (Numbers at age j) where the numbers at length (Nj) are

established for catches and the probability of length given age (Pr{l:})) from
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ageing studies. Use of this non=linear method suggested by Shepherd (1985) pre-
vents the resulting estimates of the Nj frow being negative as frequently occurs
with the linear least squares method (Bartoo and Parker 1983). Information on
the variance of length at age was available from growth analysis results of
Parrack (1986a) and was used to construct separate matrices of the probability
of length at age for each guarter of the year for each stock. Results of that
study suggested the coefficient of variability (CV) of observed length (at
expected length) was similar for the two regions (0.074B (west), 0.0664 (east))
and was 0.0713 for the two areas combined. The length specific catches were
combined over fishing grounds within year=quarter=gear catch partitions for each
stock as was done for the growth equation method. Then, for each length fre=-
quency non=linear least squares fittiang procedures {Levenberg 1944, Marquardt
1963) were used to find least squares estimates of age frequency (NJ) in
equation 5 (assuming a single CV for the two stocks). As bdefore, 15 specific
age gronps were assumed and a 16 plus group assigned to that part of the catch -
age 16 or greater. Birth year and cohort were established by subtracting the
estimated age from the reported catch year and assigning all fish falling
between the lst and fourth quarters to that year's cohort as before. The age
specific catch densities were summed up over gear and quarter within year and
stock partitions to estimate numbers killed at age (Tables 29~30).

These two methods yleld somewhat similar catch tables.r The annual age
specific catches from the stochastic method were considered more probabilistic
than those derived from growth equations alone and therefore were used in all
further lavestigations in this study. These estimates indicate annual catches
of both stocks were dominated by age 1+-3 fish throughout the time period,
1979-85. These age groups comprised > 40% of annual catches from both stocks.

Length frequencies indicated small fish were consistently caught by the sport
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fishery while catches from commercial hook and line gear were characteristically
of a broad size range. Estimates of annual catches by this fishery (aport) are
such larger than corresponding snnual estimates for the commercial fishery (see
Tables 10 and 23), These results iandicate catches are mainly composed of age
‘1+3 fish and sport catches are the largest proportion of annual total removals
from both stocks (from 40-84 and 4675 percent between 1979 and 1985; east, west

stock) (see Tables 2 and 3 of the Appendix).

Catch Per Effort Indices of Abundance

Several sets of catch per unit (CPUE) pamples were used to index abundance
for both the east and west stocks (Table 31). Some of the indices were in terms
of weight caught and others were in terms of numbers ecaught. 1In the east,
recreational charterboat, commercial bottom longline and rod and reel
(combined), and shrimp trawl by=catch samples were available. In the west
recreational charterboat and headboat samples, the latter taken by the TPWD from
the Texas recreational fishery existed. Simple averages were computed for the
first quarter samples in some cases, and in others, the results oflcatch per
unit of effort standardization analyses (Robson 1966) were used to provide
indices of CPUE. Finally, the resulting CPUE abundance indices were appraised
by investigating the ability of each to index abundance trends resident in the
GM red snapper age=specific catches developed in thie study.

The CPUE abundance indices were appraised with linear least squares tech-
niques according to the analysis method developed by Parrack (1985). The
procedure minimizes the squared difference between the observed indices of CPUE
and virtual population analysis (VPA) (Fry 1949) stock size estimstes of abun-

dence (i.e., the residual sums of squares) with respect to the fishing wortality

rate (terminal F) in the last year of catch (1985), a constant rate of change
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due to factors other than the reported catch (X), and a proportionality constant
between VPA stock abundance and the CPUE index of stock abundance. Optimally,
gsuch abundance indices extend over a reasonable time interval, are spatially
inclusive of a major portion of the resource's distributiom, and include infor-
.mation on the eize (or age) structure to which the index applies. The procedure
ylelds diagnostic statistics which quantify the ability of the index to reflect
abundance trends resident within the catch at age table. These include the
amount of variation present in the observed abundance indices explained from VPA
gtock size abundance estimates, the response surface from the minimization
gsearch, and residual plots of the results (i.e., observed - expected abundance
indices). This diagnostic procedure does not identify the “answer” to what
actual reality may exist; however, it does provide an objective wethod of
judging a particular set of abundance data and allows gelection between sets.
Analyses of the CPUE indices were carried out separately for the east and west
stocks since results of red snapper age and growth studies indicated growth
differed between the eastern and westeran GM (Parrack 1986a), and results of mark
and release studies showed very little movement occurs outside the home reef

system (see Table 2).

East Stock

Obgservations of CPUE from the east stock were available from three GM
figheries. Dealer sales records of individual bottom longline and rod and reel
fishing trips in the eastern Gulf were collected during 1980~1985 during the
first quarter of the calendar year. Size frequency (weight) samples from those

trips indicated catches were composed mainly of fish > 2 pounds (Figure 4)
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and that the CPUE might index the abundance of ages 3+ (see Table 32) 4in the
east stock catches (see Table 16). Annual quarter 1 indices were computed as
the simple average of pounds caught per fishing trip within the first quarter
(Table 31). The 198] and 1982 indices appeared different from any of the other
_years and were considered questionable. Further study of the individual catch
per trip observations indicated during 1981 and 1982 red snapper contributed
insignificantly to the total catch (57, 8, 8, 60, 61, 59 percent annually,
1980=-85), suggesting those trips may not have been directed towards red
snapper. The eastern GM bottom longline fishery for reef fishes (groupers and
snapper) began in 1980 and was mainly directed towards yellowedge grouper

(Ephinephelus flavolimbatus) {Ms. Debby Fable personal communication). Three

separate analyses of these CPUE data were performed using these longline and rod
and reel catch per trip data. The first included all years (1980-1985) in the
analysis, the second included only observations from 1980 and 1983-1985, and the
third included only 1983+1985 observations. Such interviews were also available
from trips of shrimp vessels that landed snapper as a by=-catch during 1980-1985;
however, 1982 was excluded from the dataset because only one catch per trip
observation was present during quarter 1. These interviews included quarter !
samples during 1980-81 and 1983-85 (Table 31). Weight-=frequency samples from
those catches suggested fish captured by shrimp trawls during the first quarter
probably included ages 1 and 2 (Figure 5, Table 32). As before, simple averages
of weight landed per trip were computed to yield annual quﬁrter 1 indices (Table
31). Samples of catch per fishing hour from daily fiehing logs of charterboat
catches standardized for year (1983, 1984, 1985), month (1-12 individually),
and area (Florida, Alabama) following the method described by Robson (1966)

and performed previously on these data (see Cummings and Chewning 1986 for
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results) were also re-investigated (Table 31). These samples were generously
made available from the SEFC, WMFS, Panama City Laboratory, Panama City,
Florida. Collection procedures for those samples have been described (Brusher
et al, 1984; Willjams et al, 1984; Williams et al. 1985). Size {length)

. gamples from charterboat catches (Figure 6) indicated those catches were
mainly composed of age 1 and 2 fish (see Table 32).

Resulte: The east stock CPUE analyses indicated the commercial bottom
longline and rod and reel combined CPUE (Figure 7) indexed the abundance of age
3+ fish from historical catches in a reasoneble manner (Table 33). Although
resulte of the three separate analyses (of these indices were somewhat dif-
ferent, the CPUE data were considered useful in indexing stock abundance. The
residual distributions that resulted did not show evidence of a year trend, and
the probability of a positive correlation between the observed index and esti-
mated stock abundance was 0.83 (1980~1985 entire), 0.95 (1980, 1983-1985 data),
and 0,95 (1983-1985 data). The shrimp trawl by-crtch CPUE was alsc correlated
with the abundance of ages 1 and 2 (Pr (rho > 0.) = 0.91); however, a very
strong U-ghaped trend in the residuals with time destroyed its usefulness as an
index of stock abundance. Likewise, the charterboat CPUE was correlated with
the abundance of age 1 and 2 fish (Pr (rho > 0.) > .99). This CPUE set was
characterized by a strong linear trend in the residuals with time which
precluded ites use in further analyses. Calibration results of two CPUE sets
investigated here (i.e., the 1983-1985 bottom longline and rod and reel combined
sanples and the shrimp by-catch observations) predicted relatively high loss

‘

rates due te other causes.

West Stock
Samples of catch per fighing hour from daily logs of charterboat catches off

Louisiana, Mississippi, and Texas during 1982-1985 were available from the NMFS,
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SEFC, PCL, Panama City, Florida. These specific samples were analyzed using
general linear regression estimation techniques as were applied to the east
stock charterboat samples to provide snnual standardized CPUE sbundance indices
adjusted for year (1982, 1983, 1984, 1985), area (Louisiana, Mississippi,
Texas), and month (1+12 separately) for the western Gulf (Table 31). Size
frequency samples from charterboat catches in these areas indicated the age
structure was of age 1 and 2 figh (Figure 8, Table 32). Atwsea interview
samples from Texas privately owned recreational headboats have been collected
and computerized by the TPWD. Analysis results from investigatfon of these
samples exist, however, some of the published CPUE indices provided by the TPWD
cover a time interval which includes two years {(e.g., mean catch rate of head~
boats, September 1981-1982, as reported by McEachron 1984, page 11). Because
it was important to isolate out those samples taken during the first quarter of
the year to develop annual CPUE abundance indices for adjusting VPA stock size
estimates, the published TPWD estimates were not used. A request was made of
the TPWD to make available for thie assessment size frequency and CPUE samples
from all of the Texas recreational fisheries. The original field interview
forms for these headboat samples were copled and re=-computerized for this study.
Size frequency samples collected from headboat catches during 1979-1985
indicated that both large and small figh were captured {Figure 9). Annual CPUE
indices for the headboat samples were developed as follows. First, the average
CPUE during the first quarter was computed. Then, the proportion of the anaual
sport catch that was age 3+ was computed (from Table 2B and Table 3 of~the
Appendix) and the average headboat catch per trip was partitioned accordingly
into two parts, ages ! and 2 and ages 3+, to index the abundance of each of

these two groups (Table 31).
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Results: Diagnostic information from calibrations performed for these three
CPUE datasets (Figure 10) for the west stock is given in Table 33. Although the
sums 6f,squares surface for the TPWD headboat age 3+ index indicated the miuimia
occurred within a reasonable parameter range (Fgs = 0.27, X = 0.13) the resi-

- duales were poorly distributed. The probability that a positive correlation
existed (between observed CPUE and age ] and 2 stock size was unacceptably low
(Pr (rho > 0.0) > .69). The intercept of the relation between estimated and
observed abundance was about 2.5 million fish rather than zero. The TPWD head-
boat age 1-2 index exhibited well distributed residuals and a high probability
of positive correlation (Pr = 0.97), however, the minimum sums of squares
occurred outside reasonable ranges of parameter values (X = =2.99). The RMFS,
PCL charterboat CPUE indexed the abundance of age 1 and 2 fieh very well. The
probability of a positive correlation was high (Pr = 0.99). The residuals were
evenly distributed and did not indicate year trends. The sums of squares sur-
face (of observed abundance minus expected abundance) minimized at Full Fgg =

0.08 and X = 0.61.

Stock Abundance and Stock Production

Estimates of annual age specific catches, CPUE stock abundance indices, and
VPA methodology were used to investigate trends in historical red snapper stock
abundance and production since 1979, Estimates of the annual catch at age
(commercial and sport) were developed from estimates of the numbers caught by
length interval, von Bertalanffy growth functions, estimates of the varlance of
length given age, and a stochastic method of determining sge from length.
Analysie results of CPUE indices developed from charterboat catches {west stock) -

and commercial bottom longline and rod and reel {combined) catches (east stock)
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indicated observed abundance indices from those samplles correlated reasonably
well with the stock abundance trends resident in catch at age data. Those data
were used to calibrate historical abundance and exploitation rates. All of the
CPUE sets investigated here were found to be positively correlated with the

- annual age-specific catches, Some sets were considered more reasonable than
others, based on the ability to reflect abundance trends present in the annual
catches (the bottom longline and rod and reel {combined) and the age 1 and 2
charterboat),

The CPUE sets and catch at age data are temporally limited considering the
extensive history of exploitation. Catches are also qualitatively uncertain due
to reporting problems. These uncertainties include lack of information
regarding misreporting in commercial catches, species mix problems, lack of
quantitative information on removals by the directed shrimp fishery (both the
magnitude and sjze structure of), and low precision in the recreational catch
estimates. In addiéion, the estimated annual catches contain estimation error
introduced in determining length from wefght and age from length. The annual
estimates of catch at age, although developed from all available data, likely
contain addfitional error introduced by the catch sizing process (f.e., deter-
mining numbers jn the catch by length interval) - namely from the lack of size
frequency samples for all year-month~fishing ground-gear catch partitions that
exigted. The time period for which catch statistics are available (1979-1985)
js very short, and the quantitative uncertainty that is resident within the
annual length-specific and age-specific catches may be large. These limitations
are recognized to exist in the basic déta used to determine historical levels in
population abundance and explojtation; however, the estimated annual age

specific catches, in addition to the observed CPUE stock sbundance indices,
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still provide information on general trends in recent population characteristics
of Gulf of Mexico red snapper stocks.

Historical abundance trends were investigated separately for the east and
west stocks employing the age specific catches developed from stochastic age
- determination methodology (Tables 29 and 30), CPUE abundance information (Table
31), and VPA methodology. Complete information regarding estimation of numbers
at length and at age, sources of size frequency (length) samples, and methods
and results of CPUE analyses was given earlier in this report. A least squares
technique was used in this study to "tune” or “calibrate” VPA parameter esti-
mates to CPUE abundance indjces {Parrack 1985) and thus to derive historical
population characteristics fn abundance and exploitation levels.

This technique was applied earlier in this study in judging the ability of
CPUE indices to reflect abundance trends present in the annual age specific
catches. Those results indicated several of the data sets were more useful than
others in predicting observed abundance and might be appropriate for use in
standardizing results of VPA calculations. The tuning method developed by
Parrack (1985) yields least squares estimates of age-specific stock sizes and
fighing mortality rates with respect to fishing mortality rate during the last
year of recorded catch (1985 In this study), the loss rate (X) due to all other
causes other than reported catches, and a proportionality constant assumed to
hold between VPA stock abundance and observed abundance indices. Summary
results of the calibration include plots of observed-expected stock abundance
(residuale), the probability of a positive correlation coefficient between
estimated stock abundance and observed ‘CPUE, and the sums of squares surface at
the minimfa, The method can be modified to allow the mortality rate from

causes other than catches (i.e., X) to be fixed if information on the magnitude
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of this death rate is known. The true magnitude of this death rate is unknown;
however, results of movement studies indicate migration rates are probably very
low for red snapper (Table 2), so this loss rate may include natural mortality
(M) alone. Estimates of M from traditional analyses of catch and fishing effort

. ~date or from marking experiments do not exist. Estimates of natural mortality
for this species based on life history characteristics (i.e., L , X, water
temperature) according to Pauly (1980) at water temperature of 229C are 0.29
(west stock) and 0.27 (east stock). In this study, VPA calculations were made
at fixed levels of X (0.1, 0.2, and 0.3) in addition to determining the magni-
tude of this parameter by least squares estimation.

In an attempt to further investigate historical changes Iin U.S. GM red
Enapper resources, estimates of annual production were computed for each stock.
Annual stock production was calculated as the sum of recruitment biomass,
accumulation from growth (and death), and annual stock yield (fighing). 1In
addition, the net change in annual stock biomass was computed as ending year
biomass minus beginning year biomass (excluding recruits). These calculations
were made using VPA estimates of stock sizes developed in this study, von
Bertalanffy growth functions (Parrack 1986a), weight-length relations (Parrack
1986b), estimates of weight at age (Table 32), and estimates of annual recruit-
ment estimated by VPA. Estimated stock sizes, developed from VPA calibrations
that employed the CPUE abundance indices developed for ages 3 plus from the 1980
and 1983-85 bottom longline and rod and reel (east stock) and charterboat
samples (west stock), assuming a loss rate from causes other than catches of
0.2 (east) and 0.3 (west) (Appendix Tables 6 and 7 and 14 and 15), were used to
develop annual production information for each stock. The tuning method used

in this study to obtain final VPA starting parameter estimates (i.e., F's and

-
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N's) for determining VPA population sizes and fishing mortality rates at age
does not estimate starting F's for partially recruited ages in the last year of
catch, so VPA stock size calculations were not made for ages 1 and 2 (east) or
for age 1 (west) in 1985. Estimates of partjal recruitment rates (partial F's)
- for those agee were computed as the simple average F-ratio during 1979-1983 for

each partially recruited age to the first fully recruited age.

East Stock Results

Information on red snapper stock abundance from the eastern Gulf of Mexico,
independent of the annual age specific catches, was available from three
fisheries (commercial rod and reel and bottom longline (combined), shrimp by-
catch, and the recreational charterboat) (Figure 7). Results of analyzing
those CPUE data sets (see Catch Per Unit of Effort Abundance Indices, p. 27 and
Table 33) indicated the bottom longline and rod and reel CPUE observations per-—
formed reasonably well in reflecting trends in stock abundance of age 3+ fish
resident in the catch at age data. The remaining CPUE indices investigated for
that stock {(shrimp by-catch and charterboat), although correlated with VPA stock
size estimates, were rejected for use in investigating trends in stock abun~-
dance based on appearance of residuals and/or the range of parameter estimates.
The commercjal bottom longline and rod and reel CPUE was used to calibrate VPA
stock size estimates of age 3+ fish for levels of M of 0.1, 0.2, and 0.3,

These results indicate a decline in both adult and recruiting population
sizes in recent years from the 1979 level. This observation was consistently
observed for all three loss rates (du% to X) that were investigated as well
as from results of the least squares estimated X. Recruitment levels (at M =
0.2) declined between 1979 and 1981 by about 43%, increased in 1982, and appear

to have declined thereafter. The decline between 1979 and 1985 of recruiting
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fish appears to be greater than the corresponding decline in adult stock (age
34+) (99% ve 702). Observed abundance indices from the bottom longline and rod
and regl combined CPUE and charterboat CPUE indices show a decline during the
period also. Average fishing mortality rates (unweighted) of age 3+ fish varied
~ between 0.33 and 0.61, 1979-1983, suggesting annual exploitation rates ranging
from 28 to 46 percent of fully recruited fish in those years. Fishing mortality
rates of partially recruited fish (ages 1 and 2) were very variable during the
seven—year period. These general trends are consistently observed for all
separate calibration ;uns. Summary results of these calibrations are given
(Table 34 and Figures 11 and 12). Results of individual calfbrations are given
in Tables 4-9 of the Appendix.

Annual production estimates were made using VPA stock size and fishing mor-
tality estimates resulting from calibrations using only the 1980, 1983-85 CPUE
indices (see Tables 6 and 7 of the Appendix) and assuming a loes rate (X) of
0.2. Total stock production from rcruitment, growth (+ mortality), and fishing
varied from about 1.4 (1985) to 6.8 (1979) million pounds over the period
(Table 35). These results indicate production (from these sources) has dropped
by 79Z since 1979. Corresponding to this decline, total stock biomass has
declined from about 22 to about 18.5 million pounds {or about 30%). Both
recruitment biomass and recruitment numbers show very severe drops since 1979
(see Table 35 and Appendix Tables 6 and 7). The net change between beginning
‘and ending year stock biomass was negative during all years except 1980 and 1982
of the seven-year period. These results suggest that surplus production was

positive during only 1980 and 1982 for the east stock.
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West Stock Results

Two sets of CPUE abundance information were available for the west stock for
ndjusﬁing VPA estimates of stock size and fishing mortality rates (Figure 10).
Observations existed for headboat catches off Texas, 1979-1980 and 1982-1984,

" Observations also were also avajlable from charterboat catches of small fish,
1982-85, from Louisiana, Missfesippi, and Texas. Results of those investiga-
tions indicated the headboat age 3+ CPUE was not useful in indexing the abun-
dance of adult.fish (Teble 33), so that abundance index set was not used to
examine trends in historical stock abundance. The age 3+ headboat CPUE produced
reasonable parameter estimates for Full Fgs and X; however, the residuals were
not evenly distributed and the probability of a positive correlation was very
low. The headboat data were also used to develop a small (young) fish index for
calibration purposes. Analysis results of those indices suggested those data
did not perform as well as desired in indexing abundance of age 1 and 2 fish
either. Calibration results for the headboat young fish index set predicted a
very large value for the loes rate due to X. The charterboat CPUE was believed
to perform better than either of the other data sets in indexing stock abun-
dance. That set was used to tune VPA calculations of stock sizes and exploita-
tion rates of ages 1 and 2 for the west stock.

Results of VPA calibrations for the west stock yielded least squares
estim;tes of Full F in 1985 and a loss rate from other mortalities that appear
reasonable for initial estimates (Full F = 0,08, X = 0,61). The annual catches
were also calibrated separately assuming fixed loss rates for X of 0.1, 0.2, and
0.3 to assess changes in resulting F's and N's produced by changes in input

parameter X. Resulting VPA stock sizes, fishing mortality rates, and other
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diagnostic results from these calibrations are summarized (Table 34 and Figures
11 and 12), &nd individual calibration results are given in Tables 10-15 of the
Appendix. General trends from resulting VPA calculations for the west stock
(for M = 0.3) suggest annual stock sizes of adults and recruits declined during
 the seven year perfod. Adult stock size in 1985 was about 47 below the 1979
level . Recruitment shows some decline (about 17%) since 1979, however, the
drop does not appear extremely severe. Although the 1985 recruitment level was
lower than the 1979 estimated recruitment an increase in recruitment occurred
between 1980 (the lowest recruitment during the period) and 198] of 752.
Analysis resulte suggest population levels of red snapper from the west stock
may be greater than the east stock and estimated fishing mortality rates
(unwesghted) for adult fish (age 3+) are larger for the east stock.

Estimates of annual production (Table 36) were made assuming stock sizes
based on results of VPA calibrations, sssuming a loes rate other than from
catches (X) of 0.3 that vielded a full F in 1985 of 0.20 (see Appendix Tables l4
and 15). This level of M was selected because it falls between the estimate of
M from Pauly's (1980) procedure {0.29) and the level of X from the least squares
calibration (0.61). 1If the estimated VPA stock sizes are believed to be reflec-
tive of historical stock abundance trends these calculations indicate the net
change in beginning and ending stock biomass was negative during 1980-1984.
These calculations indicate a positive production (from recruitment, growth (and
natural mortality), and yield) occurred in all years, however, total net produc-
tion of the stock was negative during most years. Total stock production
declined by 46X from 1979 to 1985 with’production from recruitment down by 17X.

Between 1979 and 1983 total stock biomass averaged about 36 million pounds.
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Concluding Comments

This report presents information which updates reported commercial catches
(in weight) and estimated recreational catches (in numbers) of U.S. Gulf of
Mexico red snapper resources. Estimates of recreational catches provided by
" the NMFS, NFSP and the TPWD are used jointly to obtain a complete time series of
numbers caught (estimates of) by sport fishermen eince 1979. Although nominal
commercial catches have been reported, prior to 1979 catch statistice are
believed jncomplete because removals by Cuba and Mexico are mot known and
comprehensive information on catches by sport fishermen does not exist. The
time series of catches available for investigative use in this study, 1979-85,
is very short; however, the data still provide some information on general
trends in recent explodtation and abundance. Estimates of total annual catches
at size (length) and at age were so developed from commercial catches (in
weight); sport catches (in numbers); all size (length) frequency samples
available for 1979-85; and updated results of red snapper biometric investiga-
tions of weight-length relations, length conversions, and age and growth analy-
ses. These annual age specific catches and abundance indices, independent from
catches, were used to obtain initial estimates of stock sizes and fishing mor-
tality rates of GM red snapper assuming an Eastern GM and a Western GM stock for
1979-1985, General conclusfons from these investigations indjcate adult and
recrufiting population levels of both stocks are below the levels existing in
1979, the first year of the analysis. The very short time serles of data
avajlable for this study and the quantitative uncertainty resident within the
annual catches, however, do not suppoit determination of exact magnitudes of

population abundance or exploitation levels.
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The analysis results from these investigations do indicate GM red snapper
stocks have declined since 1979 as predicted from VPA investigations. These
results indicate the east stock decline i1s large in regards to both adult and
recruitiﬁg population levels. General trends for the west (stock) suggest a
“decline in adult and recruiting population abundance has occurred. Adult stocks
appear to have been affected most based on these results. Findings presented in
this report show that during all years annual catches were mainly composed of
very young (< age 3) fish. This was a consistent observation for all seven
years of the time perjcd examined, According to the annual age specific catches
red snapper become fully recruited to the fighery by age three in the eastern
Gulf of Mexjco and by age two in the western Gulf. Inspection of individual
plots of size frequencies from the separate fisheries (sport, commercial rod and
reel, longline) suggested that sport fishermen captured predominantly small fish
(< 40 em), while commercial gear took individuels of 2 large size range. These
plots suggest the commercial rod and recl and bottom longline fisheries
generally do not capture fish as small as are taken by the recreational fishery.
The precise size structure of trawl catches is not known. These observations,
in additfon to information on growth, suggest that the present red snapper
fishery may not be achieving maximum yield per recruit possible. These results
alsoc indicate recruitment is occurring at an esrlier age than corresponding size
(age) of maturity (age 4 or about 38 cm (females), 43 cm (males) (Collins et al.

1986 unpubl.).
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Table 1. Information on the size of the Gulf of Mexico commercial red snapper fishery during 1§85.

State
Florida
West Coast Alabama Mississippi Louisiana Texas
Number of ports where 18 2 2 9 6
red snapper were
landed
Number of producers 109 29 29 10 —
reporting catches
Number of hook and 2932 6 113 34 17
1ine vessels!
Number of bottom 2032 1 1 2% 27

longline vesselsl

Total

37

177

330

234

Source: Port Agents.

lﬂby include vessels fishing groupers and snappers other than red snapper.

25ome duplication may exfst in these values because of vessels landing in more than one port.
3Prom 3-6 of these vessels reportedly fish the Caribbean during some months.

&Hay be Florida owned vessels,

== Unknown.
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Tabla 2. Information on results of Gulf of Mexico red enapper (Lutjanus campechanus) mark and release studfes.

Author

Beaumariage
(1969)

Wade (1978)

Geographicel Ares of Study/Time Period/Release Number of Return Time at

Size llugglflg Types Used/Depth Range (fa) Releases Recaptures Rate Liberty {Days)
* Northwest Florida, Southeast Atlantic 1372 384 28% Average = 130.7
* 1961-1965
* spaghetti (¥loy), internal anchor,

Peterson

Dauphin ls,, Alabama 1137 82 1.2 * twax ~ 127

February 1976-September 1979
8-10 inches (TL)

spaghetti

10-15 fw

* range = 2-355

1.

3.

Study Findings

Movesnent information
indicated most
individuals were
recaptured within 5
nautical miles {nm)

of release site.

17 fieh (4.4%) were
recaptured > 5 na from
from the release site
(ranging from +5 om

to about 150 mm). Of
these L7 fish, 8 were
recaptured east or
southeast, 7 north or
northeast, | west, and
1 south of the relesase
sites (see Beaumariage.
and Wittich 1966,
Beaumariage 1969}).

Author noted that re-
capture location data
indicated most indi-~
viduals were recaptured
within 5 nm of the
release site.

One individual released
in 8 fa (December 1976)
was recovered 10.5 m
southeast of the
release pite in 10 fm
(April 1971),

One findividual tagged
in 5 fw (fall 1977) wan
recovered 60 miles
southeast of the
release site (after
December 1977).

iy



Table 2. Continuved.

Author
Fable (1980)

Gallavay and
Martia (1980)

Holt (1982}

Rosman (1983)

Ceographical Area of Study/Time Period/Release Number of Return Time at
Site Range/Tag Types Used/Depth Range {fm) Releases  Recaptures Rate Liberty (Days)
* Port Aransas, Texas 299 17 5.6% * Range = 30-847
* May 1977-December 1977
* 170-540 wa (FL)
* spaghetti
* 30 fn
* Buccaneer oll and gas platform 12} 21 17.4% -—
* Galveston, Texas
* Liberty ohip reef (Port Aransas, Texas) 267 15 13% * Range = |-92
* March-Decembar 1979 * 63X recaptured
* 117-350 ma (TL) within 30 days
* internal anchor
* 17 fm
* Galveston, Texas 1431 129 9.08% * average » 32
* September 1981-November 1982 * Range = 1-401
* 24.7 cm (average of recaptures)
* spaghetti

wost < 16 fm (71X of all releasen
were made < 11 fw)

1.

ll

Study Pindinge

Of the 17 total re-
captures one individual
moved from | oil rig

to another about 5 knm
(about 2.2 nm) after
112 days.

No large scale
sovements noted.

Author noted all
individuale recaptured
on the ship reef.

17 individuals (1,191)
woved from 9.3-27.9 km
(5-15 l’-)o

A few (1) individuals
soved from shallow to
deep, vice versa, and
a few rematined in the
same depth,

== Ho specific information obtsined on these items,



Table 3. Reported landings (Pounds) of vermillion snapper, Rhomboplites aurorubens, included in the Hissisaippi red snapper
landings during 1984 and 19851,

Month
Year January February March April May June July August September October November December Total
1984 3,800 14,000 6,200 -~ - -- 37,500 44,500 - 22,200 18,800 19,000 166,000
1985 11,300 13,000 - —-— - -~ 50,500 40,600 - 10,600 17,300 - 143,300

lThese landings were reported taken from NMFS statistical reporting zones 12-18 and were from hook and line gear,

~ = No information available,

Source: Hermes Hague, NOAA, NMFS, SEFC, Mississippi Port Agent, August 1986.
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Table 4. Reported commercial catches (Pounds) of Gulf of Mexico red snapper,
Lutianus campechanus, from statistical reporting zones 1-21, 1979-85
used Iin this study.

State of Landigg

~ Florida
Year West Coast Alabama Mississippl Louisiana Texas Total
1979 2900340 248273 890590 175931 134600 4349734
1980 3014888 164074 735600 201430 230700 4346692
1981 3379129 346142 673570 421283 521400 5341524
1982 3576728 514327 958450 467941 529500 6046946
1983 4113849 442760 1096080 718361 724200 7095250
1984 2806236 339988 7597051 1487456 723300 6116651
1985 17604502 199280 4217361 1155904 766800 43041702

luiasissippi red snapper catches adjusted for 1984 and 1985 using information given in Table 3.

zPrelininary values.

Data Source: NOAA, NMFS, SEFC, ESO.
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Table 5. Reported commercial catches (Pounds) of Gulf of Mexico red snapper, Lutjanus
campechanus, by gear and major fishing ground, 1979~85 used in this study.
Gear

Year Fishing Grounds! Hook & Line Trawl Longline Other* All Gears

1979 Tortugas 487836 4536 492372
Middle Grounds 1202735 36 432 1203203
Delta 268329 29673 200 298202
Galveston Lumps 2174604 97653 2272257
Texas 49500 34200 83700
Combined 4183004 166098 632 4349734

1980 Tortugas 364903 12292 32499 409694
Middle Grounds 1156201 877 58958 1216036
Delta 259317 55882 315199
Galvesten Lumps 2068335 101868 42860 2213063
Texas 83100 10000 99600 192700
Combined 3931856 180919 233917 4346692

1981 Tortugas 398292 15019 77158 490469
Middle Grounds 1257892 1080 97791 1356763
Delta 350443 54773 : 405216
Galveston Lumps 2414069 110567 115140 2639776
Texas 75900 49100 324300 449300
Combined 4496596 230539 614389 5341524

19862 Tortugas 367164 16021 98610 1784 483579
Middle Grounds 1269066 590 115928 1385584
Delta 526328 57753 6000 590081
Galveston Lumps 2929549 92603 133850 3156002
Texas 100800 48100 282800 431700
Combined 5192907 215067 637188 1784 6046946

18



Table 5. Continued.

Gear
Year Fishing Grounds Hook & Line Trawl Longline Other* All Gears
1983 Tortugas 301800 15604 219118 536522
Middle Grounds 1435772 1014 209767 1646553
Delta 518194 58615 3775 580584
Galveston Lumps 3426441 153268 107293 3687002
Texas 92600 51489 500500 644589
Combined 5774807 279990 1040453 7095250
1984 Tortugas 245362 3065 186724 435151
Middle Grounds 897005 2233 149365 1048603
Delta 4104743 31503 22389 9100 473466
Galveston Lumps 30236847 150330 307546 205 3481560
Texas 158400 57800 461500 677700
Combined 4734925 244931 1127524 9305 6116685
1985% Tortugas 218164 1232 87431 306827
Middle Grounds 686722 763 43238 730723
Delta 1480912 26869 15457 190417
Galveston Lumps 20419302 63287 346779 3807 2455803
Texas 113500 38100 468800 620400
Combined 3208407 130251 961705 3807 4304170
Isee Figure 1 for location of major fishing grounds.

21ncludes trap, etc.

31ncludes adjustments from Table 3.

“Preliminaty valuyes.

Data Source:

NOAA, NMFS, SEFC, ESO.

25
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Table 6. Partitions in the U.S. GM recreational red snapper (Lutjanus
campechanus) catches obtained from the NMFS, NFSP and used in

this study.
Partitions Levels Within Each Major Partition
1. Year 1979, 1980, 1981, 1982, 1983, 1984, 1985!
2. Two Month Catch Interval 1. January-February
(i.e., wave) 2. March-April
3. May-June
4, July-August
5. September-0October
6. November-December
3. State Caught Florida West Coast, Alabama, Mississippi,
Louislana, Texas
4, Fishery charter/party, private-rental, beach/bank,
structure (i.e., oil rig, pier), man-made
5. Area off shore inland, ocean £ 3 miles, ocean > 3 miles,
ocean 3-10 miles, ocean 2> 10 miles,
unknown

1Comp1ete through October.



Table 7.

Year

1982
1982
1983
1984

1981/82
1981/82
19682/83
1982/83

1983
1983

1983/84
1983/84

1984
1984

1982
1982
1983
1983
1984
1984

fisheries, 1982-84 used in this study.

Estimated recreational catches (Numbers) of red snapper (Lutjanus

campechanus) from Texas private-owned boat

Geographical
Area of Catch?

Reported

Fisheryl Catch Period

Party June~August

Party June—~August

Party 14 May-20 November

Party 14 May-20 November

Headboat September 8]1-August 82

Headboat September 81-August 82

Headboat September 82-May B3

Readboat September 82-May 83

Headboat 15 May-20 November

Headboat 15 May-20 November

Headboat 21 November-14 May

Headboat 21 Kovember-14 May

Headboat 15 May-15 September

Headboat 15 May-15 September
Private=-Rental 15 May-20 November
Private-Rental 15 May-20 November
Private-Rental 15 May-20 November
Private~Rental 15 May-20 November
Private-Rental 15 May-20 November
Private=-Rental 15 May-20 November

Galveston/Freeport

TPWD areas 2, 3 & 43
TPWD areas 2, 2 & 43
TPWD areas 2, 3 & 43

Galveston/Freeport

TPWD areas 2, 3 & 43

Galveston/Freeport

TPWD areas 2, 3 & 43

Galveston/Freeport

TPWD areas 2, 3 & 43

Galveston/Freeport
TPWD areas 2, 3 & 4

Galveston/Freeport

TPWD areas 2, 3 & 43

Galveston/Freeport

TPWD areas 2, 3 & 45

Galveston/Freeport
TPWD areas 2, 3 & 4
Galveston/Freeport

TPWD areas 2, 3 & 43

Estimated Catch
{Numbersg)

15716
16393
10700

200

415248%
301354

310356
43789

134100
43100

56600
24200

214300
69700

9500
35400
26800
20800

300
14400

Source of
Information

McEachron 1984
McEachron 1984
Osburn and Ferguson 1986
Oaburn and Ferguson 1986

McEachron 1984
McEachron 1984
McEachron et al, 1984
McEachron et al, 1984

Osburn
Osburn

Osburn
Osburn

Osburn
Osburn

Osburn
Osburn
Osburn
Osburn
Osburn
Ogburn

and
and

and
and

and
and

and
and
and
and
and
and

Ferguson
Ferguson

Ferguson
Ferguson

Ferguson
Ferguson

Ferguson
Ferguson
Ferguson
Ferguson
Ferguson
Ferguson

1986
1986

1985
1985

1986
1986

1986
1986
1986
1986
1986
1986

U
-+



Table 7.

Year

1982/83
1982/83
1983/84
1984/85

Continued.

Piaheryl

Reported
Catch Period

Private—Rental
Private—-Rental
Private-Rental
Private—HRental

21 November-14 May
21 November—14 May
21 November-14 May
21 November—-14 May

Geographical
Area of Catch?

Galveston/Freeport
TPWD areas 2, 3 &

4
TPWD areas 2, 3 & 43
[

TPWD areas 2, 3 &

Estimated Catch
(Numbers)

2600

11100
2500
80007

Source of
Information

Osburn and Ferguson 1986
Osburn and Ferguson 1986
Osburn and Ferguson 1986
Osburn and Ferguson 1986

ltacludes catches from private recreational vessels operating for hire and referred to as party boats (carrying
£ 8 persons) and/or headboats (carrying‘z_ﬁ persons) and catches from private-rental vessels by the TPWD.

25ee Figure 1.

3includes estimated catches from Matagorda to Lower Laguna Madre.

4The 1981 portion of 'this estimate removed before incorporating into the estimated 1979-85 GM red snapper sport catches.

5The 1985 portion of this estimate removed before incorporating into the estimated 1979-85 total GM red snapper sport

catches,



Table 8.

Year

A

Estimated sport catches {Numbers) of Gulf of Mexico red snapper, Lutjanus campechanus, by state of capture

and two month catch estimation interval, 1979-85, as reported by the NMFS, NFSP.'

State

1979

1980

19813

19824

19834

Florida
Alabama
Mississippi
Louislana
Texas
Combined

Florida
Alabama
Mississippil
Loutisiana

Texas
Combined

Florida
Alabama
Migsissippi
Louisiana
Texas
Combined

Florida
Alabama
Miseissippi
Louisiana
Texas
Combined

Florida
Alabama

Mississippl
Louislana
Texas
Combined

Catch Period

January

February

0
25970
0
0
0
25970

3949
0

0

0
70854
74803

45734
12615
0
142877
4712
205938

29559
0
0
0
0
29559

139155
67778

0
584362

0
791295

42998

521504
0

0
120624
851697
1493825

0
287907
0
1098954
0
1386861

189899
0

0
95480
0
285379

4544
67576
7642
85756
4398
169916

May

June

777605
12791
0
16223
177868
984487

122899
0

1154
24149
0
148202

259084
482230
0
143942
222918
1108174

453725
36056
22571

2083252
0
2595604

27886
46455
0
310560

0
384901

July

August

4143
276479
0
490301
1082831
1853754

173211
11977

0
1017872
399660
1602720

162189
11009

0
760797
246881
1180876

119947
414235
0
107825
0
642007

82365
337302

0
521140

0
940807

September

October

921506
989688
824
93659
458066
2473743

50588
66622
50129
407548
202176
777063

112496
146560
0
693029
172307
1124392

0
160882
0
52305
0
213187

18209
804923

0
423370

0
1246502

November

December

0

732

0
222534
427043
650309

0

0

0
1854
84933
86787

24419
75237

99656
12087

4959
9201

26247

81613
25124

3187%
138609

All
Months

1746252
1305660
824
822717
2155808
6031261

8721512
78599
51283

1572047
16093202
4183400

603922
1015558
0
2839599
646818
5105897

805217
611173
27530
2348063
0
3791983

353772
1349158
7642
1957060

#393
367203

95



Table 8. Continued.

Catch Period

January March May July September November
- - - - - - All
Year State February April June August October December Months
1984% Florida 6818 8019 54416 16920 19980 19959 126112
Alabama 2452 25087 6726 20753 21584 382611 459213
Mississippi 237 0 0 0 0 o 237
Louisiana 7087 35853 9939 182117 412683 53289 700968
Texas 0 0 0 0 0 20896 20896
Combined 16594 68959 71081 219790 454247 476755 1307426
1985 Florida 858 28738 8444 199164 53199 _ 290403
Alabama 0 104186 76102 162135 84767 -— 427190
Mississippl 0 0 0 1543 0 - 1543
Louisiana 4315 15233 259146 187229 3662 - 469585
Texas . 0 0 0 240226 31803 - 272029
Combined 5173 148157 343692 790297 173431 -— 1460750

l1ncludes estimates of fish landed in whole form, fish used as bait, harvested, etc., and fish released referred to
by the NMFS, NFSP as Type A, Bl, and BZ catch estimates respectively.

2This estimate differs from the estimate in the current Fishery Statistics Publication, Volume 8324.
IThe January-February catch estimated as the weighted wave 1l catch over 1979-1980 and 1982-1985 of 1981 year total.
4poes not include charter/party or private/rental boat modes for Texas in 1982, 1983, or 1984,

== Not avallable at the time of this assessment.

Data Source: Computer printout obtained from Mark Holliday, NMFS, NFSP, Washington, D.C.
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Table 9. Estimnsted recreational catches of red snapper (Lutjanus campechanus) by year, state caught, and area offshore reporting
classifications during 1979-85 as determined by the NMFS, NFSP.

State Caught

Year Area Offahore (Miles) Florida West Coast Alabana Miasiseippl Louisiana Texas Total
1979 < 3 uiles 42998 1292997 824 743531 1865473 3945823
> 3 ailes 469193 12663 18159 500015
Other 1234061 79186 272176 15854213
Conbined 1746252 1305660 824 822717 2155808 6031261
1980 £ 3 miles 1002 338 30929 13589 47858
> 3 miles 192838 58973 50945 1467851 781019 2551626
3-10 miles 348380 74722 423102
> 10 miles 303066 727239 1030305
Other 26865 19626 73267 12751 130509
Combined 872151 78599 51283 1572067 1609320 4183400
19811 £ 3 miles 31818 18815 50633
> 3 miles 295382 762331 2337478 3395191
3~10 miles 98964 195116 294080
> 10 miles 131085 447945 575030
Other 939 221797 359244 3045 585025
Combined 558188 1002943 0 2696722 642106 4899959
19822 < 3 miles 147304 588573 70330 806207
3 3 miles 10724 5543 27530 22777133 2321530
3-10 wiles 218170 218170
» 10 wiles 429019 429019
Other 17057 17057
Combined 805217 611173 27530 2348063 3791983
19832 < 3 wiles 20548 20087 81113 121748
T 3 ailes 30385 7642 38027
3-10 wilea 10572 10572
> 10 miles 314520 1828249 2142769
Other B132 1298686 47698 4398 1358914

Combined 3537172 1349158 To42 1957060 4398 3672030



Table 9. Continued,

State Caught

Year Ares Offshore {(Miles) Florida West Coast Alabama Migaissippl Louisiana Texas
19842 < 3 miles 35267 4975 85663

P 3 siles 428769 237 615305

3-10 ailes 16811

> 10 uiles 55736

Other 18298 25469 208956

Combined 126112 459213 217 700968 20895
19853 < 3 miles 35601 18366

S 3 miles 394878 1543 451219

310 miles 64608 31803

> 10 miles 184077 260226

Other 6117 32312

Combined 290403 427190 1543 469585 272029

Total

125905
1044311
16811
55736
64663
1307426

53967
B4T640
96411
424303
38429
1460750

Ipoes not include the January-February catches.

Zpges mot include Texas bost modes during 1982, 1983, or 1984,

pata complete through October 1985,

&S
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Table 10. Estimated total numbers of red snapper, Lutjanus campechanus,
captured by recreational fishermen in the U.S. Gulf of Mexico,
1979-85 for the two stocks considered in this study.

Stock
Year East West Combined
1979 3052736 2978525 6031261
1980 1002033 3181367 4183400
1981 1619480 3486717 5105897
1982 1443920 2837730 4281650
1983 1710572 2425013 4135585
1984 585562 1070839 1656401
19851 719136 741614 1460750

11985 values complete through October.

Data Source: East Stock — NMFS, NFSP (see Table 8).
West Stock — NMFS, NFSP (see Table 8).
— TPWD published harvest estimates (see Table 7).



Teble 11. Sources snd inforsstion on red snapper size frequency samples for 1979-85 used in thie study,

Total Numbar

Geographlical Area FPishery/ ) of
Soutce of Samples Time Period Fish Sampled
* Mlorida Dapartwent of Matural Resources + Florida Middle Grounds « Commerciel Hook & Line, 1979-81 1671
St. Petersburg, Plorida
+ National Marine Pisheries BService, * Louisians * Commercial Aook & Line, 1979+80 24688
Southeast Fisheries Center (Port * Texas, St. Petersburg {Florida), * Bottom Longline, 1981-8]
Agents; CSBSP; NMFS, MRFSFP) Panams City (Florida)
* Gulf of Mexico (entire) * Recreastional, 1979-85
» Commercial, {979-85 -
* Colleen Isstrow ¢« Galveston and Port Aransase, * Recrestional headboat, 1980-8] 676
College Spring, Maryland Texaw
(see Zastrow 1984)
* Ian Rosman * Galveston, Texas « Recreational headboat, 198]-82 T005
Bryan, Texas b
{see Rogman 1983)
* Texss Parks and Wildlife Department - ‘s Texas Coast + Recreational headboat, 1979-84 21132
Austin, Texae (Galveston=freeport, « Party boat, 1979-3)
Aransas Bay System,
Lower Laguna Madre)
* Flower Gardens « Flower Garden Banks + 1980-1982 676

National Ocesnic and Atmospheric
Adainistration, Eaviromsental Data
and Inforwation Service (EDIS),
Washington, D, C.

(see Boland et al. 1983}

19




Table 12.

0ffshore
{Miles)

Unknowm
0-3
3-10
104

Foraign
Coasts

Reported commercial catches (Thousands of Pounds) of U.5. GM red snapper, Lutjenus campechavus, by area offshore
and statistical capture zone (1963-1985 combined).

Statietical Grid

(-
I~
=]
|
Jun

42 1606 293 1680 5515

1 267 3 %8 1023
5 1795 966 1311 3201

1579

974
2757

j=~

1108

10

525

4794
112
419

6959

3
3843

266
3364

10
2792
&6
102

3967

1n
2242
47
624
4792

7 B
2 9038
5 14
7 531

50 11027
0 L]

li
1423
29
2%
10008

5206
77
15

5149

1%
1883

10
4565

29

17
1713
13
3l
3929

18
5058
7
0
5217

24

19
1721
0

1
1348

20
4183
0

33
2514

21
3437
0

16
2042

Total
65158
as7
5421
13510

78

Dats Source: NMFS, SEFC, ESO.
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Table 13, Distribution of recreational red snapper size frequency samples
{numbers of fish) by area off shore, 1979-85.

Area Offshore (miles)

Year ' Fishery 0-3 3-10 10+ Unknown
1979 Party 223 0 0 0
: Charter 0 0 1036 6
Private—-Rental 115 2 ] 18
Other Sport 0 622 1467 0
1980 Party 0 26 49 0
Charter 0 127 1522 11
Private-Reantal 5 144 19 2
Other Sport 0 0 2513 0
1981 Party 0 34 10 0
Charter 10 99 3 0
Private-Rental 0 95 37 41
Other Sport 1 0 8225 0
1982 Party 5 139 18 43
Charter 6 44 42 10
Private-Rental 109 77 6 0
Other Sport 0 0 8179 0
1983 Party 238 183 67 70
Charter 62 404 a7 87
Private~Rental 10 70 3 26
Other Sport 15 0 5200 12
1984 Party 13 14 18 3
Charter 64 is8 28 275
Private~Rental 20 53 0 5
Other Sport 0 0 4244 11
1985 Party 6 56 154 10
Charter 0 75 0 0
Privste-Rental 4 19 50 27
Other Sport 0 o 1200 0




Table 14.

Investigator/Study Period

« Camber (1955)

L]

July 1951
December 1951

» Bradley and Bryan (1975)

-

1971-1975

* Wakeman et al. (1979)

July

* Zagstrow (1984)1

. 5 2

winter

spring

summer

fall

combined (1980-1982)

spring

summer

fall

combined (1980-1982)

* Nelson (1986)1

1980-1982

Geographical Area
of Study

Arcas Cay, Campeche, Mexico
Arcas Cay, Campeche, Mexico

Galveston, Texas to

Port Isabel,

Dream Reef

Port Aransas, Texas

West Flower
West Flower
West Flower
West Flower
West Flower

East Flower
East Flower
East Flower
East Flower

Texas

Garden
Garden
Garden
Garden
Garden

Garden
Garden
Garden
Garden

Flower Garden Bank

Bank
Bank
Bank
Bank
Bank

Bank
Bank
Bank
Bank

Samgle Size

125
135

1129

90

36
20
30
18
91

79

85
37

300

Information on observed sex ratios in U.S. Gulf of Mexico red snapper (Lutjanus campechanus) catches,

Observed Ratio of

Males to Females Size Range (mm)

46,.8%:53.42 251-800
47.1%:52.9% 251-750

I:1
(560:569)

42:48

11:25**
9:11
5:12

10:8

35:56

37:42
44:41
22:15
103:98

t9

IThese investigators made observations on the same fish in some cases.

**Computed Chi square value (5.44) significant at A = 0.05.



Table 15.
TORTUGAS
LOMGLINE  (C)
ALL GEAR
MIDDLE GROUND
HODK & LINE (C)
WRTRR  (R)
HEADBOAT  (R)
OTHER (R}
AL GEMR

MIES. /ALABANA
PARTY (R)
PRIVATE  (R)
AL e

GALV, LUWPS
HOOK & LINE (C)
TRAM ©
CHRTER  (R)
PRIVATE (R}
HEABORT (R}
AL GEAR

S, WESTERN GULF
LONGLINE  {C)
PRIVATE (R
HEADBOAT ()
OTHER (R)

ALL GEAR

65

Distribution of red snapper size frequency samples by year,
month, fishing grounds, and gear catch partitions for 1979-85.

1879
MONTH TOTAL
1 2 3 4 5 b 7 8 9 10 1 2 -
0 0 0 0 0 o px] 54 0 0 0 0 n
0 0 (1 0 0 0 ) 54 0 0 0 0 i
HONTH TOTAL
1 2 3 4 5 & 7 8 9 10 1 2 -
3B B 187 2 104 182 140 28 1 78 72 ¥ 155
0 135 2 79 12 15 106 186 103 117 0 0 1016
0 0 0 0 0 0 0 0 () 2 0 0 2
0 v 0 0 0 k) 2 30 179 3M 0 0 &2
2 MB 199 181 28 I A8 Mk W3 %4l 72 3 364
MONTH TOTAL
1 2 3 4 5 b 7 ] 9 10 1 12
0 0 0 50 0 53 63 57 0 0 0 <
0 7 0 0 6 0 8 7 0 1 0 3 K7J
0 7 0 50 6 53 71 o4 0 1 0 3 55
HONTH TOTAL
1 2 3 4 5 5 7 8 9 10 11 12
43 0 15 1% a4 74 0 0 0 0 ) 0 8
() 0 0 0 0 0 0 0 0 24 0 0 2
0 0 0 0 0 0 4 2 o 0 0 0 2
0 0 0 0 f 4 1 3 2 0 1 0 &
0 3 10 80 23 12 200 1 0 0 0 0 1108
2 M W B9 B 180 205 13 28 p.} 11 0 2084
MONTH TOTAL
i 2 3 [ 5 5 7 8 9 10 1t 12
0 8 3 0 0 0 0 [ 0 0 0 0 11
()} 0 0 0 0 2 2 13 0 0 1 0 55
200 0 0 0 0 IS 0 0 0 0 0 0 3%
0 0 0 0 0 0 1 0 0 0 0 0 1
200 8 3 0 0 185 3 13 0 0 1" 0 42
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Distribution of red snapper size frequency samples by year,

month, fishing grounds, and gear catch partitions for 1979-85.

Table 15i{cont.),

1980

TOTAL

12

11

W]

(R}

LONGLINE
PARTY

B~

o oo

10
2
0
0

{R)
R}

CHARTER

PRIVATE

[~ =]

L= =]

o o

S8

o O

oo

L~

°n

< N

L= K=

ALl GEAR

$TENE

TOTAL

oo o oo

12

(=D~ 3 =T ~ =]

1

10
0
0

10
1

i1

[+ -] E=J -0 = I+ B =
maaowvw
o ~g g
weegaw

2
92
0
0
0
52

1
25
0
0
0
29

{R)
(R
(R

MIDILE GROUND

HOOK & LINE (L)

PARTY
PRIVATE
fil GEAR

CHARTER

TOTAL
Y3
a3
19
67

i2

=0 o 0

o000

11

10
Yo
y&j

2
50

~ O O e o
maoozz
o O o O
,o O o o
MO OO O

[ J 2= = — = J

MISS, /ALABANA

TOTAL

12

1!

m-ﬂ

1456
103

2

416

<§

cocogsng

00350 0
ZTORTH

0

24

0

0
19
56
0
147

]

0
195
10
0
]
0
280

oo o9 00
3 &

.

-l

OO0 OoOQO

mﬂvooo.ﬂvom

=~ =Nk~ = - -0}

TOTAL

45

1

%
72
15
1393
1562

[~ =]
:.l..voo

100
345

SO OCQ O NN

&3

[ - - - -]

-
v g
-

- -N-N-N_-N- K-

[-B-X-E-2-N-N-J

)
i)
()]
"
(R}
R

TRAWL
LONGLINE
PARTY
CHARTER
PRIVATE
HEADBOAT
ALl GEAR
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Table 15 (cont.) . Distribution of red snapper sizs fregquency samples Dy year,
month, fishing grounds, and gesr catch partitions for 1979-85.

1981
TORTUGAS
MONTH TOTAL
1 2 3 3 5 3 7 8 9 10 i1 12
PARTY R 0 0 0 0 0 0 0 0 3 0 0 0 3
CWRTER () 0 0 2 (i 0 0 0 0 0 () 0 0 2
PRIVATE () 7 1 2 0 0 10 0 10 9 0 i 0 0
AL GEAR 7 1 4 (] 0 10 0 10 12 0 1 0 45
NIDDLE GROUND
MONTH TOTAL
{ 2 3 [ 5 & 17 8 9 10 11 12
PARTY w0 0 0 ) 0 9 1 0 0 0 0 0 10
CHRTER (R} 0 0 0 0 0 0 0 15 0 0 1 0 16
PRIWTE (R} 0 0 0 0 0 0 1 9 18 0 2 0 0
OTHER (RY 0 0 0 0 0 | 0 0 0 0 0 0 1
AL GEAR 0 0 "0 0 0 10 2 24 18 0 3 0 57
MISS. /ALABAMA
MONTH TOTAL
i 2 3 4 5 6 7 8 g 10 11 12 -
PARTY R} 0 0 0 0 2 2 0 0 0 0 0 0 2
CHRTER (R} 0 0 0 21 3 10 0 0 0 0 0 0 62
RIVWE () 0 0 0 0 0 0 10 0 0 20 A 0 51
ALL GEAR 0 0 0 2t 1 12 10 0 0 20 21 0 15
GALY. LUPPS
HONTH TOTAL
1 2 3 4 S b 7 8 ? 10 12
PARTY Ry 0 0 ) 0 0 o 0 ¢ 0 0 0 0 9
CMRTR (B © 0 0 0 0 0 0 2 0 0 0 0 K74
PRIAIE () ¢ (1 0 0 0 0 19 0 0 14 0 0 K]
HEADBOAT (R) 100 100 191 100 289 107 21 317 240 1076 B3T 244 4042
OTHER (R} 56 0 0 20 0 0 30 0 0 ) 0 [ & =
OTHER () 9 0 0 20 0o - 0 i7 0 0 0 0 ¢ &
AL GEAR - 167 3100 191 120 289 107 287 3B 2480 1119 837 oM 8299
S. MESTERN GiAF
—_— MONTH TOTAL
1 2 3 4 S s 7 ] 9 10 11 12
RIWE R 0 0 0 0 0 0 7 10 [ 0 0 0 7
HEADBOAT (R} 297 21 287 ¥ 175 10 205 249 118 114 103 0 2048
ALL GEAR ¥ m w % 175 0 22 2 118 14 103 0 2065
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rable 15, (cont.) Distribution of red snapper size frequency samples by year,
month, fishing grounds, and gear catch psrtitions for 1979-85.

1982
TORTUGAS
) NONTH TOTAL
1 2 3 4 5 [ 7 ] 9 10 i1 12
LONGLINE (0} 0 0 0 0 19 0 0 0 0 0 ) 0 19
" PRIVATE (R 0 0 0 0 2 0 0 0 0 0 0 0 2
AL GEAR 0 0 0 0 21 0 0 0 0 0 0 0 21
MIDILE GROUND
MONTH TOTAL
1 2 3 [ 5 b 7 g8 9 10 11 12
LONGLINE (0} 0 0 0 0 0 0 6 0 0 &0 0 0 106
PARTY (R} 0 0 10 0 7 [ 1 5 0 0 0 0 2
CHARTER iR) 0 0 15 A 9 i 0 0 0 0 0 0 2
PRIVRTE (R} 0O 0 2 0 1 1 40 16 0 0 0 0 &0
AL GEAR 0 0 27 4 17 8 'yl 21 0 0 40 0 224
MISS. /ALABAMA
MONTH __ TOTAL
i 2 3 4 5 b 7 8 g 10 11 2
CHARTER {R} 0 0 0 0 19 25 0 0 0 15 0 0 50
PRIVATE (R) 0 0 0 0 1 0 13 0 0 0 b 0 20
ALL GEAR 0 0 0 0 11 yo 13 0 0 15 6 0 70
GALY, LUNPS
MONTH TOTAL
i 7 3 ] 5 & 7 g 9 10 11 12
PARTY (R 0 0 [} 0 0 123 18 10 3 13 0 11 176
CHRTER (R 0 0 0 0 0 18 0 0 0 5 0 0 23
PRIVATE (R) 0 0 9 5 15 7 14 51 1 Iy ¢ 0 110
HEADBOAT (R} 161 750 306 692 569 447 1040 542 597 00 200 100 5504
OTHER (R) 0 0 0 19 5 0 ¢ 135 0 14 0 0
OTHER () 0 0 0 0 0 0 0 1 ] 0 0 0 1
AL GEAR 161 TS0 NS 76 83 7 1074 T M1 3 200 11 MY
S, WESTERN GILF
HONTH TOTAL
L 2 3 4 5 [ 7 8 9 10 11 12
LONGLINE (C) O 0 6 303 159 140 0 ) 0 0 0 0 402
HEADBOAT (R) 132 243 b1 88 12 184 192 241 36 100 100 2092
ALL GEAR 12 243 m 364 247 262 186 192 316 100 100 2858
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Table 15. {cont.) Distribution of red snapper size frequency samples by year,
month, fishing grounds, and gear catch partitions for 1979-85

1933
TORTUGAS
MONTH TOTAL
i 2 3 4 5 & 7 g i 10 11 12
PARTY {R} 0 0 0 0 8 3 3 12 3 2 0 2 B
CHARTER (R 0 0 & 14 0 0 0 0 0 0 0 0 20
PRIVATE {R) ¢ 0 0 3 0 0 0 0 0 0 0 0 3
ALL GEAR 0 I [ 17 8 3 3 12 3 2 0 2 %
HIDDLE GROUND
MONTH TOTAL
1 2 3 4 3 b 7 8 ki 10 11 12
LONGLINE  {C) 4 0 0 0 ] 0 0 0 ] 0 0 0 4
PARTY (R) 0 0 50 0 0 7 2 18 0 2 0 0 79
CHARTER (R) 0 10 56 0 0 4 0 ] 0 0 9 0 9
ALl GEAR L] 10 106 0 0 1n 2 18 0 2 9 0 162
NISS, /ALABAMA
MONTH \ TOTAL
1 2 3 4 9 b 7 8 9 10 i1 12
PARTY {R) 0 0 0 2 ] 0 0 0 0 0 0 0 2
CHARTER (R} 0 ¢ g8 0 ¢ 0 0 ¢ ¢ 0 0 0 -
PRIVATE {R) 0 0 5 2 0 0 0 0 0 0 0 0 7
OTHER (R) ¢ 0 1 0 0 0 0 0 0 0 0 0 1
AL GEAR ] 0 24 4 0 0 0 0 0 0 0 0 ki)
GaLy, LIPS
MONTH TOTAL
1 2 3 4 5 [ 7 8 9 10 1 12
HOOK & LINE (C) 0 0 0 0 0 0 0 0 9 ] 0 0 1
PARTY (R 0 g 0 50 0 0 102 202 0 80 0 2 A4
CHARTER (R 0 0 0 0 122 149 90 0 0 42 0 0 403
PRIVATE R} 0 10 21 9 24 0 0 14 & 9 10 0 »”
HEADBOAT () 100 29 218 162 158 385 314 431 243 120 200 100 73
OTHER (R 0 0 1 21 0 , ¢ 0 4 0 0 0 0 2
AL GEAR 100 an? 240 242 304 535 508 451 340 247 210 102 3%
S, WESTERN GILF
__NON™H IOTAL
1 2 3 4 ] 4 7 8 hd 10 il 12
TRANL () 0 L] 0 0 0 0 0 6 0 4 0 0 ¥
HEADBOAT (R} 258 37 200 54 0 00 100 4 211 360 219 1/ S Y
ALL GEAR 256 337 200 34 0 300 100 &0 211 407 219 3 252
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Table 15tcont.), Distribution of red snapper size frequency samples by year,
month, fishing grounds, and gear catch partitions for 1979-83.

1984
TORTUGAS
MONTH TOTAL
1 Z 3 ) 5 ) 7 8 9 10 1 12
HOOK L LINE () O 0 0 5 ™ 0 167 10 0 300 24 0 Bw
- ° LONGLIE (© 0 0 0 0 142 7 72 88 % 4 181  JE 1)
PARTY RY 0 2 1 1 0 3 2 0 0 ¢ 2 ¢ 1
CHWRTER (RY 0 14 10 0 0 0 0 0 0 0 0 0 24
PRIVATE (R} O 0 0 0 é 0 0 0 0 0 0 o )
ALl GEAR 0 14 11 & Mo 82 241 198 % 3 187 2 15%
MIDDLE GROUND
MONTH TOTAL
1 2 3 ) 5 é 7 8 9 10 11 12
HOK & LINE IC) 0 0 0 0 53 444 S13 502 4% 19 2 [T 313
LONGLIN  (©) o 0 0 0 0 7 7 34 ® 14 &% 0 17
PARTY R0 0 8 0 0 0 0 0 0 0 0 0 8
CWRTER (B 0 9 0 0 1 1B 5 0 0 93 0 0 289
PRIVATE IR ¢ 0 0 0 0 5 0 0 0 0 0 0 5
AL GEAR 0 0 8 0 9 b1 S5 %3 A 30 74 M 29
1SS, /ALABAMA
MONTH TOTAL
1 7 3 4 s ) 7 8 9 10 11 12
HOOK L LINE (©) O 0 0 0 0 0 0 0 0 18 25 0 A5
LONGLINE (€} O 0 0 0 0 0 0 104 50 0 0 0 1
CHRTER (RI ¢ 0 0 2 0 i 0 0 0 0 0 0 2
RIVIE R 0 11 0 0 4 0 0 0 0 0 0 0 {5
OTHER © 0 0 0 0 3 2 7 0 0 0 0 0 P
AL GEAR 0 11 0 2 7 2 7104 O 180 235 0 58
V, LUPS
MONTH TOTAL
1 2 3 4 5 b 7 ) g 10 11 [V —
HOOK & LINE (€} O 0 0 0 8 101 185 S0 500 381 &2 8 2094
TRAWL o o 0 0 0 0 0 0 0 0 16 0 9 16
LONGLINE (C) O 0 0 0 0 0 0 0 1% 0 0 5
PARTY R0 10 0 7 12 0 0 0 0 0 0 0 2
CHRTER (R O 0 0 7 & 7 60 N 0 0 9 5 20
PRIVATE @R} 0 0 18 6 2 -3 15 0 0 0 0 8 52
HEADBOAT (R) 22 0 308 318 300 B 295 30: wg g 1(: : zotlt:
0 0 0 0 0 0
g‘imm ® zzg 10 I 38 47 W7 SB™ % 7 3 8T W S8
S. WESTERN GULF
MONTH TOTAL
i 2 3 [ 5 b 7 8 9 10 11 12
TRAR. o 0 0 10 0 0 0 21 0 0 0 0 3
HEADBOAT (R} 200 237 430 284 143 385 300 14 0 0 0 0 2163
AL GEAR 00 237 490 24 143 WS W0 M5 (] 0 0 0 2194
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Table 15(¢ont.) . Distribution of red snapper size frequency samples by year,
month, fishing grounds, and gear catch partitioms foxr 1979-85.

1985
TORTUGAS .
WONTH TOTAL
1 2 3 & 5 b 7 8 9 10 it 12
O HOKLLIE (DY 23 6 0 13 116 93 0 0 134 138 119 0
LONGLINE (D) 73 126 10 85 y. 51 1 % 9% 242 12 0 ™
PARTY iR} 0 0 0 0 0 0 0 0 1 1 0 0 2
CHRTER (R} 0 t 0 0 0 0 0 0 0 0 0 0 i
PRIWTE  (R) 0 0 0 5 0 0 0 0 0 0 0 0 5
OTHER ) M 0 158 0 0 0 0 0 0 0 0 0 202
ALl GEAR W 1B 18 103 140 1M 1 105 23 201 131 0 1681
MIDDLE GROUND
s HONTH TOTAL
1 2 3 4 5 6 7 8 [ 10 11 12
HOOK L LI (D) % 78 ) ] 2 0 0 G 0 0 0 0
LONGLINE () 0 0 2 10 4 0 0 0 1 0 0 0 17
PARTY {R) 0 0 12 0 0 0 0 0 o 0 0 0 12
FRIVATE  (R) 0 0 0 {j 0 0 0 3 0 0 0 0 0
ALL GEAR % 78 80 72 é 0 0 3 1 0 0 0 29
MISS, /
MONTH TOTAL
{ Z 3 4 5 5 7 8
HOOK & LINE (C) 56 6 51 20 20 I3 21 45 3 12 l; 13 75
wlm (C) 0 8 0 0 0 0 0 0 0 0 ¢ 0 8
PRWTER (R) 0 0 0 0 0 0 0 0 0 9 Y. 0 34
I ARTE (R} 0O 0 0 0 0 0 1 0 0 2 0 0 3
GEAR 54 14 51 20 20 6 2 45 0 1 o] 00
GALV. LIMPS
. MONTH TOTAL
2 3 4 5 b 7 8 9 10 11 12
HOOK & LINE (C) 212 391 512 B B U2 M6 881 W 77 1% PR vy
LONGLINE  (C) &% 0 10 0 <] 0 10 112 0 88 0 0 43
FARTY {R) 0 't 1 5 0 10 0 81 79 0 0 0 a2
CHRTER (R} O 0 0 0 0 » 10 0 0 0 0 0 40
PRRIWIE () 0 0 | 0 0 0 0 5 0 4 10 0 2
HEADBOAT (R) O 0 0 0 0 . o 0 0 25 0 0 0 X5
AL GEAR 281 < 7 SR S 1. %0 3B | 2% 1059 €52 819 116 &5 a8
S. WESTERN GULF
1 - 5 MONTH TOTAL
2 4 s b 7 8 9 10 11 12
PRIWIE (R 0 0 0 0 0 0 ) 17 0 0 > 0 2
ﬁmr {R} 0 0 0 0 0 0 0 206 789 0 0 0
GEAR 0 0 0 0 0 0 0 23 7 0 % 0 1037



Tahle 16.

1.

2,

3.

4.

Red snapper (Lutjanus campechanus) biometric relations used in this study.

Biometric Attribute

Conversion of total length (mm)
to fork length (mm)

Converasion of standard length (mm)
to fork length (mm)

Estimation of weight (grams) at
fork length (mm) by quarter of year
1. January-March
2. April-June
3. July—~September
4, October-December

Determination of length (cm)
at age (years)
1. Eastern Gulf of Mexico
2. Western Gulf of Mexico

TEEX

Relationship Used

FL = 0,9248(TL)+1.2746

FL = 1.1419(SL)+17.5348

0.1527E-4(FL)**3,0219
0.43428-5(FL)%*%3,2209
0.1371E-4(FL)**3,0432
0.1488E-4(FL)**3,0283

FL =« 134.9(1.~exp(-0.072(age + 1.592)))
FL = 106.2(1.~exp(-0.123(age + 0.418)))

Source of Information

Parrack (1986b, Table 4)

Parrack (1986b, Table 4)

Parrack (1986b, Table 2)

Parrack (1986a, Table 9)

el
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Table 17. Pooling categories employed in assigning size frequency samples to catches and definitions of

nearby quartetsl, cloge fishing grounds

major areasd, and similar gears®.

Pooling Category
1

Description

Assign sample within same year—-quarter-
major fishing ground-gear catch partitions
(Direct match),

Cross samples over nearby quarters, within
year-major fishing grounds—gear catch
partitions.

Cross samples over clogse fishing grounds
within year-quarter-gear catch partitions.

Cross samples over close fishing grounds and
over nearby quarters within year—gear catch
partitions.

Cross samples over similar gears within
year—fishing ground-quarter catch
partitions.,

Croes samples over similar gears and
nearby quarters within year-fishing
ground catch partitions.

Cross samples over gears (within sport,
within commercial), all quarters, within
the two major areas within year partitions.

Cross samples over all gears (within sport,
commercial), all quarters, all fishing
grounds within year.

Cross samples over all gears, all quarters,
all fishing grounds within year.

Priority Level Set
Sizing Catches

Ep_q_ll Commercial
1 1
2 3
3 5
4 NU
5 2
6 4
NU 6
7 ?
NU 8

€L



Table 17. Continued.

Priority Level Set
Sizing Catches

Pooling Category Description Sport Commercial
10 Assign all 1983 commercial samples teo NU 9

1983 commercial catches.

NU = Not used.

lyear by quarters were defined as follows:
Quarter 1 - use quarters 2 and 3 in order
Quarter 2 - use quarters 1 and 3 in order
Quarter 3 - use quarters 2 and 4 in order
Quarter 4 — use quarters 3 and 2 in order

2c108e fishing grounds were defined as follows:
Tortugas — use Middle Grounds and Delta in order
Middle Grounds - use Tortugas and Delta in order
Delta - use Middle Grounds and Tortugas in order
Galveston Lumps - use Western
Western - use Western

3Hajor Areas were:
Eastern: Tortugas, Middle Grounds and Delta combined {statistical zones 1-12)
Western: Galveston Lumps and Western region combined (statistical zones 13-21)
Combined: All of the above combined (statistical zones 1-21)

bgimilar gears:
1. Rod and Reel: Use rod & reel, buoy, all commercial in order
2. Trawl: Use trawl, all commercial (excluding longline) in order
3. Llongline: Use longline, buoy, rod and reel, all commercial combined in order
4, Trap: Use trap, rod & reel, all commercial {except longline) in order
5. Other: Use rod and reel, all commercial (except longline) in order
6. Sport: Use sport, commercial rod and reel in order

174



Table 18. Reported landings (Thousands of Pounds) of red snapper, Lutjanus campechanus, by Florida west coast
fishermen, 1977-1985,

Month

Yesr L 2 3 & 5 6 I & 8§ 10 1L 1Z ALl Mosths
1977 173 157 159 138 307 342 298 320 382 334 267 213 3090
1978 181 166 236 175 166 290 328 230 305 290 331 285 2983
1979 131 180 191 242 248 251 217 376 130 364 245 325 2900
1980 118 255 165 170 262 264 273 256 431 249 276 311 3029*
1981 190 235 201 256 313 309 267 297 353 294 357 313 3385*
1982 176 237 386 184 343 284 322 308 379 318 328 320 3586"
1983 303 251 236 267 491 392 354 437 371 363 352 301 4119*
1986 186 273 241 180 226 239 318 215 179 230 231 293 2811*
1985** 136 13 158 137 173 119 121 122 179 177 164 141 1761

*Total annual landings differ slightly from annual totals reported by gear type and area of capture
stratifications (i.,e., NMFS, SEFC, ESO, Florida General Canvas Catch Statistics).

**Preliminary data.

Data Source: NMFS, SEFC, ES0, Florida landings detall data files partitioned by year, month of capture
and country (port) of landing.

8L



Table 19. Percent of recreational catch (in numbers) sized according to substitution method for the
east Btock.

Substitution Method
1 2 3 4 5 6 7 8 9 10

1979 0.9819 0.0093 0.0000 0,0000 0.0000 0.0000 0.0000 00,0087 0,0000 0.0000
1980 0.7333 0.0000 0.0887 0.0000 ©.0000 0.0000 0,0000 0,1780 0.0000 0.0000
1981 v.7604 0.0255 0.1640 0.0000 0.0000 0.0000 0©0.0000 0.0501 0.0000 0.0000
1982 0.6373 0.0426 0.0332 0.0000 0.0000 0,0000 00,0000 0,2869 0.0000 0.0000
1983 0.2290 0.0018 0.0596 0.6824 0.0000 0,0000 0.0000 0,0272 0,0000 0,0000
1984 0.1746 0.0428 0.0119 0.0000 ©0.6903 0.0354 0.0000 0.0450 0.0000 0.0000
1985 0.1629 0.0032 0.0047 0.0000 0.2507 0.0000 0.0000 0.5785 0.0000 0.0000

-

Table 20. Percent of commercial catch (in welght) sized according to substitution method for the
east stock.

Substitution Method
1 2 3 4 5 6 7 8 9 T3]

1979 0.6032 0.0000 0.1346 0.0000 0.0002 0.2470 0,0150 0.0000 0.0000 0.0000
1980 0.6083 0,0000 0.0000 0.0000 0.0350 0.1943 0O.1624 0,0000 0.0000 0.0000
1981 0.0000 0,0000 0,0000 0.0000 O0,0000 0,0000 0.0000 1.0000 0.0000 0.0000
1982 0.0471 0.,0000 0.0425 0.0000 0.5163 0.0000 0.3940 0.0000 0.0000 0.0000
1983 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
1984 0.9383 0.0000 0.0000 0.0000 0.0617 0.0000 0.0000 0.0000 0.0000 0.0000
1985 0.9035 0.0000 0.0000 0.0000 0.0965 0.0000 0.0000 0.0000 0.0000 0.0000

9L



Table 21. Percent of recreational catch (in numbers) sized according to substitution method for the
west stock.

Substitution Method
1 2 3 4 5 6 7 8 9 10

1979 0.7714 0.0009 0.1530 0.0000 0.0000 0.0000 ©0.0000 0.0747 0.0000 0.0000
1980 0.9747 00,0000 0.0030 0.0000 0,0000 0.0000 0,0000 0.0223 0.0000 0.0000
1981 1.0000 0.0000 0.0000 ©0,0000 0.0000 0,0000 0,0000 0.0000 0.0000 0.0000
1982 1.0000 0.0000 0©.0000 0.0000 00,0000 0.0000 0.0000 0.0000 0.0000 0.0000
1983 1.0000 0.0000 0.0000 0.,0000 0.0000 0.,0000 0.0000 0.0000 0.000¢ 0.0000
1984 1.0000 0.0000 ©0.,0000 0.0000 0.0000 0,0000 0.0000 0.0000 0,0000 0.0000
1985 0.9920 0.0018 0.0004 0.0000 0.0000 0.0000 0.0000 0.0058 0.0000 0.0000

Table 22. Percent of commerclal catch (in weight) sized according to substitution method for the
west stock.

Substitution Method
1 2 3 [ 5 6 7 8 9 10
1979 0.6885 0.0000 0.0000 0.0000 0.2760 0.0000 0.0355 0.0000 0.0000 0.0000
1980 0.6227 0.0000 0.0269 0.0000 00,3151 0.0000 ©,0353 0.0000 0,0000 0.,0000
1981 0.7815 0.0000 0.0246 0.0000 0,0731 0.0000 ©0.1209 0.0000 ©.0000 0.0000
1982 0.7693 0.0435 ©0.0000 0.0000 0.1457 0.0415 0.0000 0.0000 0.0000 0,0000
1983 0,0000 0.0000 0.0000 ©,0000 0.,0000 0.0000 0.0000 0.0000 0,0000 1.0000
1984 0.6900 0.0000 0.1103 0.0000 0.,1906 0.0000 0.0091 0.0000 0.0000 0.0000
1985 0,7761 0.0000 0.189¢ 0,0000 0,0218 0,0000 0.0124 0.0000 0.0000 0.0000

L



Table 23, Estimated total annual numbers caught of U.5. Gulf of Mexico
red snapper, Lutjanus campechanus, 1979-85 by commercial and

78

recreational fishermen.

Year

1979
1980
1981
1982
1983
1384

1985

_ Stock

East West

3236944 4340049
1168007 4121714
2236001 4342337
1603486 3864015
2586209 3797395
1103865 2194438
948999 1391855

Data Source:

Recreational Catches (see Tables 7 and 8).
estimated using reported catches {in weight) (Table 4), size
frequency samples (Table 15), and weight-length information

(Table 16).

Commercial Catches
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Table 24. Estimated standard errors (S.E.) of numbers of red snapper
caught (Thousands) by recreational fishermen in the U.S.
Gulf of Mexico, 1979-85, as reported by the NMFS, NFSF.

XYear ' Estimate S.E. C.V %
1979 6031 3971 66
--1980 41461 428 10
1981 4900 1238 25
19822 3792 1464 39
19832 3672 974 27
19842 1274 325 26
1985 1954 440 23

1This estimate differs from the value received via computer printout of the
NMFS, NFSP data (equals 4182 in that printout).

2gstimated numbers caught not inclusive of the Texas private-ocwned boat
modes for 1982, 1983, or 1984,
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Table 25. Estimated annusl catches by length interval (fork) of Gulf of
Mexico red snapper (Lutjanus campechanus) during 1979-85 for
the eastern stock.

LEGTH (em) 1979 1980 1981 1982 1983 1984 198
15 0 0 0 8957 0 0 0
17 0 0 0 8957 0 0 0
I8 0 0 0 30104 0 0 0
19 438 0 0 0 0 3186 0
2 19050 12614 0 88400 A3343 1437 0
21 75670 52526 23820 3989 2084 1682 1447
2 R73% 45412 13296 51254 8399 2498 1501
p < 9423 28635 9650 108509 82437 7131 0
24 89694 5235 28109 16919 43884 6720 0
p 284457 0110 62947 242 119062 566 1447
2 174281 25584 55335 39521 b4848 17384 939
7 59392 76467 123687 M128 212888 22689 0
2 140965 £10054 84385 78208 25151 2473 939
] 249096 83411 21954 31649 193534 24826 11027
30 196491 BB377 33403 113780 105893 32297 7564
31 247947 70687 115550 80123 M7 22047 12014
k] 124400 93926 113044 4039 40368 1’7 27970
B 164364 8543 115078 83274 106440 39629 18216
34 68243 25266 9175 58844 209597 41056 39317
35 114898 40012 84978 77170 199062 45612 33474
3% 76484 54740 144029s 76098 131211 66584 24588
k14 47658 25481 123989 55621 1243 85906 29764
28 43342 34749 88717 31519 119348 65642 B762
i $5045 15233 91905 6682 54970 61613 W\272
4 55890 37031 99705 11121 12411 50654 22181
41 53079 8259 10027% #4183 53017 ;79 30736
Y] 38035 932 $9630 8619 8703 41037 31281
3 21835 5450 122562 39200 7703 29531 1728%
4 30121 2039 42538 16596 §0961 17218 1343¢
45 14790 3072 45293 10289 11851 19342 50811
% 16194 4597 s 8519 10110 14845 3790
47 21884 7143 58189 1412 7145 15087 26049
8 2655 0 11301 12744 10562 18535 23481
L1 512 83% 31207 8619 46102 35938 28748
S0 22611 7077 42512 0 11044 37557 11968
51 38340 4539 1473 805 5007 14979 29128
52 23189 1658 10964 5221 43343 16026 19194
53 28505 836 10697 6662 0 9843 13875
54 U275 8117 4152 10972 0 12373 2856
5 21476 3% 8706 5115 4829 8124 29315
56 29280 4164 15870 12384 0 9453 21548
57 s 643 576 23969 1377 5802 2
58 24964 5973 (i 4310 7044 $990 18m
5 16049 - 2780 5918 27 0 822 1518
&0 20714 BO4Y 342 217 0 521 31247
6! 16379 10040 3582 23969 0 8329 14327
82 22380 L yrif 4498 1412 485 T8 7243
63 11003 K <o 4583 1412 ¢ 5588 14511
A 7676 004 3335 23 0 2749 16478
&5 20318 »¥7% 2 8847 0 6347 15194
& 14297 7951 0 412 4825 2780 B2
&7 19410 10038 0 1812 0 MN% a0
68 20430 8748 0 0 0 1569 1675
&9 13289 &77 0 & 18498 2199 5790
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Table 25 (cont.), Estimated annual catches by length interval (fork) of Gulf of
Mexico red snapper (Lutjanus campechanus) during 1979-85 for
the eaptern stock.

YEAR
IENCTH(cm) 1979 1980 1981 1982 1983 1984 1985
70 17110 3472 3682 8387 4829 047 33
Fi 15642 1758 0 23 13N 4116 43
n 19506 648 32 4958 17019 2978 6793
73 9599 2644 0 2n 0 k] | 70
74 16113 5995 0 o763 0 07 210
N 9911 8573 342 S038 0 1514 287
76 6848 4213 L - 10404 0 11%0 1948
Iz 8584 4530 0 7054 0 2050 1708
78 469 ki 0 1412 0 1598 a8
i 3348 3942 ¢ 18339 0 1216 1608
8 3264 930 4024 7054 17019 1642 1190
al 4392 2871 201 10291 9404 1370 TS
82 3678 930 0 7859 2756 1853 2511
& 882 ol 0 9643 17019 2165 2892
8 P62 K J 0 054 0 1066 473
& 1244 1810 0 19%0 17019 3 3876
85 319 83 0 1412 0 L 1835
87 514 b 0 0 0 428 6506
g8 1234 143 0 1412 0 284 4830
8 1151 1071 0 0 2758 7 1845
%0 EE 7 1064 0 0 0 94 237
/| 364 238 0 0 Y 320 4789
52 768 yL 0 0 0 118 1695
93 0 0 ¢ 0 0 138 o4
% b14 143 0 0 0 3t 21
95 614 94 ¢ ] 0 0 96
% 0 ¢ 0 0 0 0 10
9 0 0 0 0 0 0 108
% 0 0 0 0 0 0 <)
101 0 0 0 ¢ 0 0 10
120 0 0 0 0 0 9 0
TOTAL 3235944 1168007 2236001 1603486 2385209 1103845 948994




Table 26. Estimated annual catches by length interval (fork) of Gulf of
Mexico red snapper (Lutjanus campechanus) during 1979-85 for
the western stock.

YEAR
s (em) 1975 1960 1981 1982 1983 1984 1985
16 0 0 0 15 0 0 0
13 0 0 0 1043 0 un 401
14 0 0 k]| 1198 ¢ 0 201
15 0 1259 0 1% 0 0 201
1% 9510 0 3981 2458 0 143 1606
17 5747 . 159 19600 8504 K, 74 845 2609
18 63033 3750 58706 21904 459 6847 #M15
19 3 17975 137916 A9B56 16051 10935 7684
.\ 142234 B3 425418 112412 262595 23260 773
21 195648 VLT 270987 138762 59149 %5191 5154
2 177398 82195 258451 177104 104342 AT 8577
n 165597 114475 275254 248169 132320 47684 8311
24 202836 74521 244723 29351 244069 43564 3951
b~ 300688 79726 226343 243769 06486 84288 7320
2 295757 78262 176838 315190 274649 123875 42332
27 09284 106941 168727 233330 347366 134770 2671
2 377149 138473 148802 235174 483148 172096 42157
2 312920 193254 153471 173001 255108 164884 57980
¥ 281784 189445 148598 151347 267432 118370 $1715
3 157956 190328 81537 122486 200902 125795 165442
<7 128211 206845 94966 191211 201927 110165 82371
k<) 113150 180139 59723 79245 150462 75016 45850
34 128454 23116 124126 85674 86529 79850 7579
35 132223 205533 70703 45616 75220 S18b2 52839
3% 118519 249453 109803 46711 98102 62875 80137
kY] Sh6A8 196710 72717 1 79844 478 31106
3 65061 197644 71510 36 74951 53522 45245
H ST 157175 85467 56625 22562 476820 30314
40 18106 104914 8379 39092 19779 L5568 29494
4} 26711 147051 7963% 45324 18116 32601 34837
42 26442 101714 82348 36705 870} 3735 21431
43 30690 116918 77400 40506 5495 7% 16321
7] 23552 90761 54584 60264 5313 21217 17569
45 21248 88420 32204 34049 3052 1951% 9650
& 8498 47480 40712 38721 97 27754 11223
47 17971 44528 73831 23298 4214 14493 15768
A8 6233 34800 21481 51375 1041 15058 9269
' 13147 48795 51349 79526 1437 13478 10202
50 11980 16504 42253 56879 4545 8022 9145
S1 2453 237 25937 41 1845 9077 12392
-4 20260 15701 17764 10414 1464 7974 8832
53 3B672 §526 29509 358% k< 13205 nee
54 1740 8192 23 4555 1941 8485 ST
5 10481 - 8 8537 17294 8078 4950 %70
5% 13090 657 28576 324 625 [Ty, 8556
57 10441 6513 16561 12252 714 3% 3998
L 1515 17967 1023 14649 1164 225 sa17
59 s 18871 15434 9324 ux 12880 5169
&0 15655 3683 29 9654 769 ATT0 4111
8 7731 12076 2647 18646 701 10493 9917
62 SH7 7092 100 9453 7574 7002 4299
[X] 77 4077 10185 1303 0 10625 435
o 0 4151 7854 6710 911 5172 K <7
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Table 26{cont.), Estimated annual catches by length interval (fork) of Gulf of

Mexico red snapper (Lutjanus csmpechanus) during 1979-83 for
the wastarn stock.

YEAR
LENGTH (cm) 1979 1980 1981 1982 1983 1984 1985
& 8377 S10 1536 1662 0 3080 37
6 12059 7634 1910 1047 Tob8 2026 4331
&7 3288 3788 2296 1450 nl 1934 2943
68 262 9694 w1 zn 0 B3I 2
69 1600 13929 248 926 25743 4484 4345
.0 0 4641 1667 S 9310 3992 K4
- 7t LY AN a7 13 379 1819 x77 3448
72 200 10947 160 6754 26777 318 2373
n 6233 025 A035 1257 0 4360 s
74 8862 3616 140 1811 0 672 087
B 3200 9960 1430 2034 0 911 12059
76 5802 8056 4 2182 0 S279 7197
n 028 3797 0 1501 26 8014 W58
n 26 4452 0 1763 70 19023 4007
79 0 9619 241 1362 701 8851 8567
80 0 875 410 1716 21316 7996 4807
8l 2 7537 Tob2 1212 14806 %98 8045
8 26 459 0 88 0 4718 3441
® 0 2812 0 441 26701 2485 1670
84 0 3207 0 5 48 2132 1474
e 26 2879 0 201 26675 1726 795
B8 2 3928 0 p Y] 442 731 1360
8 26 182 4 0 0 192 1129
88 11490 520 0 0 0 192 bb1
8 0 1685 1] 0 0 192 =7
9% 0 1259 ¢ 0 0 0 0
w2 0 1394 0 0 0 0 0
97 ¢ ¢ 0 0 0 0 731
% 0 ¢ ¢ ¢ 0 656 0
” 0 0 0 0 0 163 0
190 ¢ 0 ¢ 0 0 192 0
101 0 0 0 0 0 163 0
107 0 0 0 0 701 0 o
TOTAL 4380049 4121714 4342337 348015 3797395 2194438 1391850




Table 27, Estimated age specific catches of red snapper, Lutjanus campechanus, 1979-85 for
the east stock as determined from growth equations.

—_— Year
Age 1979 1980 1981 1982 1983 1984 1985
1 832457 197914 251874 460686 775213 82556 6773
2 1273343 549377 604518 448920 1033645 335713 93203
3 349981 220064 721987 320766 455495 315032 189686
4 167340 31966 442973 121870 85876 146717 196794
5 157344 14956 145206 26402 105162 99528 128355
6 144982 26355 31629 64566 12042 41856 127479
7 80281 32586 21999 35526 6057 35582 95628
8 91076 33099 71706 23378 21997 15429 48156
9 63762 17150 342 17579 24745 12996 17749
10 41049 20971 4840 39756 0 5663 8706
11 19401 12110 2927 30646 63070 6216 3792
12 71245 5726 0 11479 149 4342 9307
13 5371 2883 0 1412 2609 1203 14462
14 2084 2443 4] 0 149 789 8163
15 1149 381 0 0 0 169 489
16 79 26 0 0 0 74 257

total 3236944 1168007 2236001 1603486 2586209 1103865 948999




Table 28. Estimated age specific catches of red snapper, Lutjanus campechanus, 1979-85 for

the west stock as determined from growth equations.

Year
Age 1979 1980 1981 1982 19383 1984 1985
] 835654 249267 1297790 336743 520314 142541 149958
. 2 2167403 1260804 1456051 2251895 2354128 1080092 442745
3 822036 1611144 753939 596643 656573 536583 4534886
[} 221052 621138 482394 333471 60214 196810 138427
5 126182 154756 243445 203681 12313 55850 55963
6 67055 58169 65087 68887 14183 41265 30051
7 29479 27875 24623 37645 8505 34063 29185
8 26277 39658 8438 12152 63867 20665 17617
9 16086 30256 3053 9031 20330 22999 23182
10 17179 19032 2864 7521 727 3165) 23279
11 26 28107 1846 4430 39140 21473 15597
12 52 6704 2803 1480 45958 7034 6636
13 52 7944 0 436 442 1771 3431
14 11516 4205 4 0 0 84 1353
15 0 1259 0 0 0 81 214
16 0 1396 0 0 701 1174 731
total 4340049 4121714 4342337 3864015 3797395 2194438 1391855

58



Table 29. Estimated age specific catches of U.S. Gulf of Mexico red snapper,
Lutjanus campechanus, 1979-85 for the east stock as determined by
the stochastic ageing method described by Shepherd (1985).

Year

Age 1979 1980 1981 1982 1983 1984 1985
1 952821 200039 267081 425714 728397 78176 3772
2 1207102 567845 556668 456655 1047579 324673 101339
3 315659 222703 831426 381523 462059 373093 192851
4 133101 6810 381004 77422 69643 72564 185826
5 155881 24145 138859 5622 121585 142288 130029
6 198912 18375 22384 102381 7786 39997 139756
7 8560 35860 14921 28455 765 21469 99820
8 124941 33825 10106 6983 47598 21919 35681
9 102706 15169 1669 16742 6335 6026 9286

10 16291 23698 6307 74160 4045 9462 6867

11 9453 9010 2042 18369 81225 11983 818

12 6477 3339 2207 5846 5100 855 13518

13 2790 1146 225 485 492 440 27510

14 1050 586 154 592 1173 169 712

15 251 290 254 788 1054 343 922

16+ 942 5171 690 1747 1371 407 280

total 3236937 1168011 2235997 1603484 2586207 1103864 948987

99




Table 30, Estimated age specific catches of red snapper, Lutjanus campechanus, 1979-85

for the west stock as determined by the stochastic ageing method described

by Shepherd (1985).
Year

Age 1979 1980 1981 1982 1983 1984 1985
1 673730 168017 1360311 227860 322958 106607 155889
2 2233451 1176624 1347974 2331734 2485307 1067382 458486
3 847657 1817046 768908 546141 635376 571694 452481
4 188183 589196 522828 403328 26649 195506 114847
5 186880 89396 241322 219507 20980 20323 47877
6 76427 94100 36805 44558 9982 78936 35933
7 36290 6091 28855 55798 13216 30323 30087
8 15043 49523 11231 3486 84970 5548 5088
9 58184 44683 7869 8567 5344 14880 23070
10 906 32030 5534 13444 428 92854 49084
11 689 38595 2831 3058 154881 4186 17654
12 318 13291 2345 610 1058 2110 63
13 17521 1179 2280 222 1180 1918 304
14 353 201 607 1723 1558 344 93
15 3507 375 790 1629 2785 150 727
16+ 903 864 1852 2348 719 1619 167
total 4340042 4121713 4342342 3864013 3797391 2194440 1391850

(8



Table 3.

Stock

Fishery

Bottom Longline
and Rod & Reel

Shrimp travl
by-catch
Charterboat

West Charterboat

Texas headboat

Texas headboat

Ages Unite of CPUE

3+ Pounds/trip

1-2

Pounds/trip

Numbers/flshing hour

Numbers/fishing hour

Numbars/man-hour

Numabars/man-hour

Source of Information

1979 1980

Catch per unit of effort indices of abundance for Gulf of Mexico red snapper (Lutjanus campechanus) investigated in this study,.

CPUE Indices (Number dats polnts)l

1981 1982

1963

Ms., Debby Fable, WMFS,
SEFC Port Agent

Ms. Debby Fable, NMFS,
SEFC Port Agent

NMPS, SEFC, PCL,

Fanama City, Piorida?

WiFS, SEFC, PCL,

Panama City, Florida?

TPWD, Austin, Texas

TPWD, Austin, Texas

—=(0) 2482.4(9) I67.8(36) 632.2(42) 13377.2(36) 3033.9(21)

—(0)

1.920(5)
0.52 (5)

230.9(3) 178.1(19) 16.0(1)

— 1.39(16) 1.17(14)}
-— 0.41(16) 0D.25(14)

38.2(6)

0.4384(785)

0.9333(141} 1.2728(507)

1.92(18)
0.67(18)

— 1984 1965
2512.4(12)
£9.6(8) 127.1(7)

0,2099(315) 0.1817(516)

0.8310(499) 0.6694(289)

0.31(18) -
g.10(18) -

8

1al11 indices are simple averages of CPUE during qusrter 1 except chsrterboat fodices - which are from stsndardization snalyses as described by Robsoa (1966).

2The MMFS, SEPC, Gulf of Mexico charterboat survey began in 1982.

v~ = No deta available,
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Table 32. Estimated weight (kilograms) at age for Gulf of Mexico
red snapper (Lutjanus campechanus)l.

: Fork
Stock. Age (years) Length (cm) Initial Weight Mid-Year Weight
East 1 23.0 0.198 0.338
2 30.7 0.478 0.692
3 38.0 0.906 1.195
4 44.7 1.483 1.844
5 51.0 2.204 2.631
6 56.8 3.058 3.543
7 62,2 4,028 4,564
8 67.3 5,099 5.676
9 72.0 6.253 6.863
10 76.3 7472 8.107
11 80.4 8.741 9.393
12 84,2 10,044 10.706
13 87.7 11.368 12.035
14 91.0 12.701 13.366
15 94.0 14.031
West 1 17,0 0.080 0.208
2 27,3 0.335 0.568
3 36.5 0.800 1.132
4 44,5 1.464 1.880
5 51.7 2.295 2.773
6 58.0 3.252 3.773
7 63.6 4,293 4,837
8 68.5 5.381 5.934
9 72.9 6.486 7.034
10 76.7 7.581 8,114
11 80.1 B.646 %.157
12 83.1 9.668 10.152
13 85.8 10.637 11.091
14 88.2 11.545 11.968
15 90.3 12.391 12.782

lgstimates derived using von Bertalanffy growth functions and red snapper

weight-length relations developed by Parrack (1986b, Table 4) (1986éc,
Table 2). . ;

"



Table 33. Performance characteristics of six Gulf of Mexico red snapper CFUE abundance indices.

Correlation
CPUE Index rho Pr (rhodo)

Eastern Gulf Bottom Longline and Rod & Reel Ages 3+
+ 1980-1985 47 .31
+ 1980, 1983-85 .89 «95
+ 1983-1985 .99 95
Eastern Gulf Shrimp Trawl Ages 1-2 (1980-81, 83-85) .71 .91
Eastern Gulf Charterboat Ages 1-2 (1983-85) >.99 >.99
Western Gulf Charterboat Ages 1-2 (1982-85) .97 >.99
Western Gulf Headboat Ages 1-2 (1979, B1-84) .85 .97
Western Gulf Headboat Ages ¥ (1979, 81-84) .31 .69

Appearance of
Residual Distribution

No trend, uneven
No trend, uneven
No trend, even
Strong, U-shaped
extremely linear
even, no trend

even, no trend

Ro year trend, uneven

Estimatesl
Fgs X
0.00 0.25
2.01 -0,23
0.40 0.34
0.00 0.44
0.14 -1.09
0.08 0.61
0-09 -2099
0.27 0.13

lpgs = Starting F (fishing mortality rate) for fully recruited ages

X = loss rate due to causes other than catches.

in 1985,

06



Table 4.

Tast

West

Summary results of Culf of Mexico red snapper VPA investigations of the stochastically derived snnusl catches,

Summary
Stetistic

Adolt stock aize
(age ¥}

Recruftment

Total stock sitze
{age 1+)

Average T {(age 3)
Onwelighted

Average T (age 3+)
Weighted by Catches

Average 7 (age 1)
Unweighted

AMult stock elze
Cage 3+)

Recrud tment

Total stock eicze
(age 14)

Average ¥ (age M)
Unweighted

Average T {sge )
Weighted by catches

Average ? (age 1)
Unweighted

Natural Mortality

0.1
Y Cair or Loss
1979 1980 1981 1982 1983 1984 1985 from 1979
2512589 2115855 3051893 2525084 2534620 2389411 1941760 -11
3503610 2193725 1947703 2709518 1679206 403183 23821 - =99
8225060 6576326 6794516 6743334 6261319 3622871 2256205 =73
0.7861 0.3984 0.3609 0.4488 0,4630 0.4072 0.6056 -23
0,8250 0.3382 0.8951 0.5017 0.6258 0.4816 0.6056 -27
0.33154 0,1006 0,155% 0.1802 0.6043 0.2274 0.1817 &S
4654513 5722903 4166228 3068401 2696005 2669609 74672 =25
4030896 715911 5515449 4522264 4045039 2377021 3911378 -3
14196662 11489795% 12018607 11290977 10616399 8399879 94315541 -3
0.4666 0.7014 0.4164 0.4755 0.6562 0.7466 0.2673 -43
0.5043 0.9540 0.7522 0.9882 1.1693 0.6694 0.2673 =k}
0.1928 0.0661 0.2991 0,0544 0.0876 0.04813 0.0428 -78

16



Table 34, Continued,
Susmary

Stock Statistic

East *+ Adult stock sise

West

(age 3+)
Recruitment

Total stock size
{age 14)

Average T (age 3+)
Unwveighted

Average ¥ (age )
Heighted by Catches

Average ¥ (age 1)

"Unweighted

Adult stock size
(age )

Recruitwent

Total stock size
(age 1+)

Average T (ags. ¥)
Unweighted

Averege T (agze 34)
Weighted by catches

Average T (uge 1)
Unweighted

Natural Mortelity
0.2
alo or Loss
1979 1980 198} 1982 1983 1984 1983 from 1979
—— ee— e e 00 0 we—— 00000 meee—— 0 bl 0 eSSl
3459173 3037526 4198855 3809498 3151378 3544504 2944959 ~15
4894762 3406301 2816733 3658898 2237050 637937 k1201 -99
11097619 9593986 9623929 9533718 8600428 5360912 3435651 -99
0.6114 0.2926 0.2589 0.3295 0.3302 0.2901 0.3770 -39
0.6353 0,248 0.6095 0.3491 0.4293 0.337 0.37710 =41
0.2407 0.0669 0.1103 0.1371 0.4410 0, 144% 0.1131 =53
6372863 7115949 5276939 1870022 3337220 3219028 412452% =35
5187906 34361230 6577234 5590290 5368123 3088979 4715162 -9
17901605 14242519 14556738 13621736 13076609 10411647 11272490 -37
0,3815 0,5888 0.3408 0.3915 0.5897 0.653% 0.2321 =39
0.4010 0.8324 0.6306 0.7935 1.0468 0.5670 0.2321 =76
0.1542 0.0546 0.2578 0.0460 0.0686 ©.0358 0.0371 =42

26



Table 34. Continued.
Summary

Stock Statistic

East * Adult stock size

Weat

{age 34+)
Recruitaent

Totsl atock eire
(age 14)

Average ¥ (age W)
Unwei ghted

Average ¥ {age 3¥)
WHedighted by Catches

Average T (age 1)
Unwedghted

Adult stock sfze
(age 3H)

Recruitaent

Total stock size
{age 1+)

Average 7 (age )
Unwed ghted

Average ¥ (age )
Weighted by catches

Average T (age 1)
Unweighted

Natural Mortality

= 4 Galn or lLoas
1919 1989 1981 Ay82 1983 1984 1985 from 1979
5961692 $552362 7472082 7516934 1206041 6778265 5732119 -4
8721115 6899104 5127095 6002542 3730362 1303366 80420 -99
18832308 18097883 17538711 17089031 15018914 10224501 6711199 =64
0.4116 0.1793 0.1517 0.198% 0.1892 0.1662 0.1858 =33
0.4261 0.14546 0.3195 0.1931 0.2296 0.1792 0.1858 =56
0.1347 0.0341 0.062] 0.0855 0.2544 0.0718 0.0557 -59
9526593 9434905 1061706 5122200 4279210 3987782 5002506 =-A7
6995697 4590648 8031809 0718277 73315886 4106292 5804927 -17
23946363 18632041 18350430 16990420 166613606 132520%3 13758103 -43
0.3010 0.4819 0.2120 0.3144 0.5243 0.5618 ‘0.1972 =34
0,3017 0.7087 0.5110 0.6141 0.9234 0.4689 0.1972 =35
0.1178 0.0432 0.2169 0.0379 0.0522 0.0305 0.0316 =73

£6
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Table 35. Annusl estimates of production for the Eastern Gulf of Mexico red snapper
(Lut janus campechanus) during 1979-85 determined from VPA investigations
of the stochastically derived catches {M=0.20).

inital stock biemass (kg)

1979 1980 1981 1982 1963 1984 1965
967163 S74ME W13 T2MA2 MM 12093 9
1311481 1905776 1286787 987224 1246517 S63266 215N
869431 1057856 1873538 1481220 1159982 1088245 409951
TI9570  7ASA18 1120506 1407742 1476463 940683 962038
628718 412130  89S3 414706 1955008  14DE0S7 1000453
1588953 289905 420774 6M3T L8763 1436273 1AM
W2 WIFBl  2M60A5  SL8IS  JMe28 708002 1403677
1185022 2989245 843410 184434  4E7994 M2 61N
1064843  ASS509 2810422  BO9BAL 148093 223 - 02704
08679 30411 M3TT 273282 705 0W2 1912
11 23114 168205 160416 279520 200943 418999 24961
12 145357 124847 THSL 1348 96939 1187625 473784
13 [y 2l 487135 81418 Ay248 63333 0017 1071780
14 34051 nu 89941 72079 3996 52298 NSy
15 8410 17612 17185 43219 57704 20986 45161

Somuo-u-hwnh-lﬁ

total 12000249 10089429 10571036 10757772 10500630 9071883 8376031

Year 1979 1980 1981 1982 1983 1984 1985
Initia) Biomass w/o recruits 11031084 9414981 10413323 10033310 10057685 6963387 8348340
Find) Biemass with recruits 9419068 10425096 10045178 10085531 9002738 8382404 4201539
Net Chanse in Stock Piosass -1612016 1010116 -368145 S220 1054947 -583183 21146802
Stock Production 77186 2673979 2486845 2634104 2148478  123BISA  HA87TS
recruitaent biosass 68163  67AM8  S5T7I3 TaMAe2  MZpM L2655 7691

accunulation from srowth =2381179 335648 -HZ585F  -672282 -1497993 709478 -2124493
vield removed 489202 1665844 ZBSA991 2081834 3203427 182138 Z76%78
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Teble 36. Annual estimates of production for the Western Gulf of Mexico red snapper
(Lut janus cempechanus) during 1979-85 determined from VPA investigations
of the stochastically derived catches (M=0.30).

inital stock biomss { Ks)

199 1980 1981 1962 1983 1964 1985
99656 JWT2/2 GAZSAS  Bbb282  SBEBTI  S7ES03  AL3699
2487045  1TA3L74 1091067 1604831 1491251 1727923 98844
2793512 2883760 1929830 1019969 1270491 1320984 2329619
256297 2731781 1675340 1661807 708378 934684 1062070
JI3NT0 AT 2025807  93VI03 1145341 TOR297 707138
48168 3451343  ATS0A11 1459877 B9  11M921 75203
3071 /718 LS| ABMTAS 1284165 a9 BOIZSS
661392 2833985 2131 BL1FS1 T2 1LIZ93 176199
1023740 507234 2255941 128463 2836186 2WT7269 962984
10 S4c4sS 513289 1SS969 1902270  SeM7 1966912 Z394TH4
1 491948 454988 200643 1123 1507694 M50 982320
12 198590 401813 69450 142844 5037 494N 3920
i3 284288 138945 207438 B 110870 31482 20811
14 2169 62118 116172 184461 632 TI504 6910
15 192072 13898 47237 83l 96432 4934 7974

PSP NPT R PP L Y I ﬁ

total 21272703 20956629 18408564 14954901 15184543 12732636 11760143

Year 1979 1980 1981 1982 1983 1984 1965
Initial Biomss w/o recruits  20713pA7 20569378 17764021 16388540 14398072 12404133 11294463

Finai Biomss sith recrvits 20701322 17770781 16A16997 14547488 12447181 11298480 11502669

Net Chanse in Stock Biomass -11725 -2818598 ~1347028 ~1741153 -2148891 -1105453 206205
Steck Production 4449721 3058705 2760242 2320584 2510189 201680 2407451
_ recruitment biomass 55‘?556 BBz o Sebze2  S8ef71 32803 ?9‘?
accunulation from srowth ~574381 -3185647 -1 2307415 - 62 -143095% -25/4N

yvield removed ML1445  SETT302  ALOT290 4061737 &59080 3121913 2ZXN124
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Figure l. Chart of Gulf of Mexico historical red snapper fishing grounds and statistical
reporting zones (A = Western zone, B = Galveston Lumps, C = Delta, D = Middle
Grounds, E = Tortugas)
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figure 3. Estimsted annual length specific catches of Gulf of Mexico red snapper durieg 1979-85
for the western stock.
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Figure 9. Length frequencies from recreational headboat catches of red

snapper in the western Gulf of Mexico during 1979-1985,
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Appendix

Table 1. Historical catches {Pounds) of red snapper, Lutjanua caqpechanus.l by GM atate landed and area of catch? during 1964 to 1985,

State Landed

Florida* Alabama Missiesippi Loulsians Texas All States Combined
Ysat D.8. Shelf Foreign U.S. Shelf Foreign U,8. Shelf Forelgn V.5, Shelf U.S. Shelf Foreign U.S. Shelf Foreign
1964 4898988 2146392 74300 2318600 513600 1335600 309900 1264100 985700 7060888 6786292
1905 5043060 1497960 94360 2400800 627600 1737900 242800 1210800 1001000 7218560 6637660
1966 3742632 1820124 308900 2392400 127200 20477100 207100 1049600 603500 6036032 6863724
1967 4108860 1305504 533100 1755300 1251200 1374400 301800 828800 579800 1023760 52150064
1968 4008096 615276 831800 382000 1831000 1820000 276900 719300 408200 7667096 3225476
1969 4004856 577584 413500 832400 1350800 1592000 129600 6519400 305300 6518156 3307284
1970 38406906 290844 545300 437900 1538300 980700 254806 676400 250000 6855496 1949444
1971 57544 311256 722800 216400 1878100 520900 161600 862400 220000 1482444 1268556
1972 3647808 338796 733037 317554 1537050 728600 258875 938000 300000 7114770 1684950
1973 3883896 154008 71277166 232641 1837490 493600 353791 669400 112000 1472343 992249
1974 4310536 147420 693129 197593 1614950 284800 286224 662900 80000 8067739 709813
1975 4682664 Y9)44 723285 109665 1324600 384500 150756 518300 109100 7399605 702409
1976 4233168 71280 533110 101145 1331800 5435600 578717 341100 154000 6497653 870025
1977 3030588 3099% 3A3214 176487 1274550 164900 99085 305000 135000 5052437 507383
1978 2873340 97092 276452 149880 1003040 90500 11022 227200 150¢00 4451054 &B7472
1979 2900340 248273 287003 890590 166800 175931 134600 80000 4349734 533803
1980 14888 164074 253485 735600 194000 201430 230700 80700 43146692 528185
1981 339 Ma6lé2 157979 6713570 301860 421283 521400 57000 5341525 516779
1982 1576728 514327 66291 9584350 83000 467941 529500 6046946 149291
1983 4113849 442760 92460 1096080 20200 718361 724200 1095250 112600
1984 2806236 339988 7597053 103700 1487456 723300 6116685 10370
1945 17604504 199280 4217363 372300 1155904 766800 43041708 372300

lHay include catches of snappers other than Lutjanus campechanus marketed as red snspper (particularly in catches taken outside the U.5. GM zones 1~21).

2xrea of catch designsted as:

3Adju-ted using dats from Table 3.

‘Ptellllnary figures,

Data Source:

NOAA, NMFS, SEFC, ESO.

1, U.S. Shelf - inclusive of catches taken from statistical zones 1-21.
2. Poreign - catches taken within GM waters only and cutside of statistical tones 1-21.
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Mable 2. Proportion (cumulative) of annual red snapper (Lutianus campechanus )
catches by gear and age group for the eastern Gulf of Mexico stock.
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Appendix.

Table 3. Proportion (cumlative) of annual red snapper (Lutjanus campechanus)
catches by gear and age group for the western Gulf of Mexico stock.
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Table 4. Estimated annual (age specific) fishing mortality rates for the
stochastically derived catches of the eastern Gulf of Mexico
red snapper stock (M=0.10).

Fishing Mortalities

K|

1960 1981 1982 1963 1964 1965

0.335¢  0.1006 0,194  0,1802 0.6043 0,274  O0.1817"
0.6M5 0,204 0.2 0.3813 07642 0522 0.4542¢
0.5937  0.372  0.8525 0.45% 0.7  0.8017  0.605
0.5065  0.0156 1.2060 0,150 0.1232 0.20M  0.4056
L1103 01430 05874 0,032  0.3290 0.3502 0,605
0.8250 0.3105 0.1714  1.0467 0.0633  0.1530 0,605
0.0228 0.29%4 03952 0,343 0.015 0.216 0,605
11187 0.1062  0.1139 0,209  1.0600 0.6778  0.405%
12472 0.3261  0.0061  0.2492 0,408 0,367  0.4056
10 0.67% 1,045 0,1953 0.3583 0.0787 17427 0.805
11 07165 0.908 0.1814 1,189 0.73®  0.3113  0.405
12 0,931 05267 0,505 09816 1139 00128  0.8056
13 0978 0.3400 0,052 0.1747  0.1699  0.270 0,805
1 0,793 0,489% 0.062 0470 07093 0.075  0.805
15 0.781 0.3984 0,309 0.4  0.4630 0.4072 0,605

4
* Hlarting F determined as the average of ages 1 and 2 to full F over 1979-83.

Appendix

Table 5. Estimsted annual (age specific) stock sizes for the stochastically
derived catches of the eastern Gulf of Mexico red snapper stock

(M=0.10)
Initial Stock Sizes
AGE 1979 1980 1981 1962 1983 1984 1965 1984
1 3503410 2193725 1947703 2709518 1679206 403183 202823 0
2 2208851 2268745 179420 1S0B731 2047493 830276 290422 17875
3 TI7247  BSEBAL  ISI2451 1096535 937327 BLBES MBS T2
4 M0 3WBA20  SE5%09  SBIATI  4I0TB2  ADKBR6 AZTTZR 219202
- 2083 190152 3268806 153311 AS4M41 So4e04 299296 211217
é k<] 2160 149126 164387 133378 295903 RLBE 1ATIRG
? 891 IS 47859 113082 SI24 11318 29762 158852
8 193231 3IBA13 98575 2N 75875 48527 8212% 1A%
9 149912 SN2 286924 79594 19773 3785 21374 #0556

10 M6 WM 3302 V032 5K 11688 19806 10555
1 19304 13628 1918 - 27765 163173 M98 fee3 7805
§2 11360 8532 ®18 744 ™2 70880 31113 30
13 L 4166 L=~ AW 05 73 3[3n 1585
1L 2118 1584 2083 »i 2412 23 1639 NwY
15 481 24 m 2281 an 1074 2z 609

total 8220060 4576326 4794014 BJA3M 201319 ZWT1  2WN5 1142783

Correlation between observed CPUE and stocksize = 0.9429
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Table 6. Estimated annuel (age specific) fishing mortality rates fgr the
stochastically derived catches of the eastern Gulf of Mexico
red snapper stock (M=0.20).

Fishing Wortalities

179 1980 1961 182 1963 19684 19635

0.207  0.0849 01102 0,137 0410 0.145  O.a3™

0.8542 0.2209 0.7 0.2782 0.5%8 0.35% 0.28%8%
0.487 0.2 0.577 0.290 0.5023 0,481 9,370
0.3579  0.0151 0.7965  0.0941  0.0802 0.13% 0,370
0.9014 0.1007 04700 0,025 0,209 0231 0.3770
0.54] 0.23%5 0,127 0776 00392 0.0%5  0.3770
0.0131 0.7 03121 02371  0.0108 0,144  0,3770
0.9267  0.0657 0.0680 0,283 07803 0.478  0.3770
1.0614 0,258 0,004 0,153 03473 0,200 0,370
10 0.540 0.783  0.163% 02515 0,083 1.3%82  0.3770
11 05196  0.745 0,107 09775 0.4797 0205  0.3770
12 0.6702 0391 0,366  0.8415 0,820  0.0080 0,370
13 077 0,239 0,032 0315 01023 0.1480  0,3770
14 0.9 0.3578 0.0M1 0.120 059 0.043 0.3770
15 0414 0.29% 0.2589 0.3%5 0.302 0.2901 03770

* Starting F determined as the average of ages 1 and 2 to full F over 1979-83.

Appendix

Table 7. Estimated annual (ege specific) stock sizes for the stochastically
derived catches of the eastern Gulf of Mexico red snapper stock

(M = 0.20)
Initial Stock Sizes
AE 1979 1990 1981 1962 1983 1964 1985 198
1 485472 0401 2816733 34B3BE98 2237090 437937 38044 0
2 TMBEZ 3150160 2006341 2065322 2611940 1178381 451849 28402
3 P5967 1167623 2068033 1634901 1200334 1201154  &7323% 278829
4 ARS212 502042  TSSSA7  BA925)  99SOT2 434311 HABTIL 37807
5 W62  2TTIR6 AOS378 27805 707354 TS24 AS3926 36403
& 518297 V4802 205416 2074 232N MHTT ABTERz ARG
7 THATY  2MI 41084 148147 78512 175770 MBALT 273985
8 AT SBA241 16939 3402 95704 63589 124581 195693
9 170293 764 M52 12931b 23484 35906 32417 9951

10 41312 48235 45998 3ebAT2 90954 13701 239712 18205
1t 2524 192M 18352 Y8 233/ 0818 2% 132
12 14472 12091 ™1 13185 851 11822 N9 1604
13 S449 8062 n» an 5571 /0 903 26501
14 2681 21y 932 SeN 116 418 M8 SR
15 99 1255 123 3080 412 1% 3219 1396

tota) 11097619 9593780 9622929 93718  BLOOAZB 340912  AINS] 19594

Correlation between observed CPUE and stocksize = 0.9609
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Table 8. Estimsted annual (ege specific) fishing mortality rates for the
stochasticslly derived catches of the eastern Gulf of Mexico
red snapper stock (M = 0.30).

Fishing Mertalities

199 19680 1981 1982 1963 1984 1965

0.1347  0.0341 0.0821 0,085 0,54 00719  0.0%5%7
0.M05 0.1234 0.1393 0.5 0.M88 0.1918  0.1394%
0.2000 0,130 0,298% 0,1487 0.2487 0,247  0.1858
0.2009 0.009% 0.3988 0.045! 0,004 0.0679  0.1858
0.4712 0,058  0.3147 00099 0.1027 0.1205  0.1858
0.2637  0.1674  0,0788 0,459 0.0188 0.0493 0,165
0.0058 0,076 0.222¢ 0.1512 0.005 0.0731 0,185
07637  0.0313 0.0%08 O0.7iS 0455 0.2593  0.1658
0.7835 0.1658 0,0021 00725 0,255 0.1048  0.1858
10 04181 0.%72 0.4219 0,135 0,048 0.8872  0,1858
11 0,326 0.4890 0,075 0.497% 0.2016 0,105  0.18%
12 04131  0.1850 0.27356 0.3806 04787 0,003  0.18%
13 05177 0.1313  0.0187 0.0824 00474  0,0750  0.1858
14 0,33 0.2153 0,028 0.069 0.3267 0.029 0.1858
15 0436 01793  0.1517  0.1965 0.18%2  0.1862  0,1858

L

OO O A e I A e I ﬁ

* Starting ¥ determined as the sverage of ages 1 and 2 to full F over 1979-83.

Appendix

Table 9. Estimated annual (age specific) stock sizes for the stochastically
derived catches of the eastern Gulf of Mexico red snapper stock
{M = 0.30).

Initial Stock Sizes

1979 1980 1984 1982 1983 1984 1985 1986

AGE
1 B721t15 4899104 5127095 6002542 3THNHZ 10336 B0A0 0
2 AA9S01  SHALALT 4939593 IS49575  MB2S12 2142870  BIBMO 8347
3 1A49806 2049314 3497516 3183627 Z5AB3 213363 131001 SIS
4 813085 805301 1327629 2031529 2032525 1276494 1262866 BOLLLS
S 3299 ABS6I0  SP0TA3 660191 1438678 1MAK072 BB TIOTH9
& 9BATSL  137AM  3AIMS 319491 M8A202 941803 949426 A3
7 T2y SMMTHA 86129 233192 49883 /77 678266 BA21S
8 281308 1268514 383317 51082 148888 110380 20248 T2
9 23 103103 10T 2761 31690 65942 83097 1491
10 54620 THS0 AR TRTI 10T 18220 L) 38818
1 41592 26638 337M 41600 439393 13783 o8 2|0
12 21929 22767 12101 [43 1B BN 1853 19
B 7890 10748 14016 7083 1248 7039 1BA927  S6N09
14 »53 3483 6983 1019 4832 8652 4838 11499
15 [ -7 2036 2080 so4! 043 82 42465 2976

total 18832308 18097881 17538771 17089051 15018914 10224501 4711199 4138045

Correlation between observed CPUE and stocksize = 0.9332
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Table 10. Estimated annual {(age specific) fishing mortality rates for the
stochastically derived catches of the wsetern Gulf of Mexico
red snapper stock (M = 0.1D).

Fishine Mortalities

AGE e 1960 1981 1982 1963 1984 1985
1 0.1928  0,0651 0,299  0.0544  0,0874 0.0483 0,048
2 0.315  O0.5264 09202  1.0684 1,1023 0.4055 0.2673
3 052 1,075 0.8926 1,1239 0,859 07191 0.2673
4 02Z}! 071 09538 0565 0.1198  0.4228 0.2473
5 0,325 01417 0733 1.3401 0,087 0.1135  0.2473
6 1,0668 0,240  0.0714  0.2539  O0.15M  0.M21  0.2873
7 0.1094 0.1853 0.09%8 0.1324 0.0997 0.8150 0.2473
8 0.27% 0195 053 00137 0.27118 0.049% 0.2673
® 07991 LB 00378 0.8980 01674 0,065  0.2673

10 0,0187 1,315 0545 0.0755 0,0843 0.7476  0.2673

it 0.0241 20924  0.3312 0,564  3.4672 2.4982 0. 2673

12 00398 0.7259 0.4582 0.0984 0.343  0.9191  0.2873

13 1.8974  0,1817  0.2270  0.1030 0,494 1,672  0.2873

I 038 007 01204 0.2393 L7/ 0.09%  0.2673

15 04866 07014 0. 4164 04755 0.4562 07466 0.2673

* Starting F determined as the average of ages 1 and Z to full F over 1979-83,

Appendix

Table 11. Estimated annual (sge specific) stock sizes for the stochastically
derived catches of the western Gulf of Mexico red snapper stock

(M = U IS 10 ) a
Initia) Stock Sizes
AGE 199 1980 198 1982 1983 1984 1985 1986
1 A0XB9S Z7HITL  TEISMS  AS2264  MAS0X9  BTIOZ3 3RMIITS 0
2 S511253 3007720 23932 3700312 JETSATS 30247 2045493 3390987
3 UTH0 B/THR2 1607353 2476 11502687 1164578 2072651 1419484
4 BAM05S 1148729  B8ATAE T22HI3  ATTMA MIOPI4 S13382 1400892
] J05876 1393 ARR3A9 09124 77763 198854 2{4017 355549
é 1213590 451490  SA0AY 2085 T3  WN283 1865 1Am
7 347650 79T 32/2TT 129 \MITS 85788  13M93 111249
g 8178 299189 84T W% IMI| 119799 yrif ] S0
9 110387 61867 20799 15079 2640651 258116 10312% 15753
10 S1261 “n 13963 194117 THE  18M%0 219412 HAS

L]
p—

kR~ -7 10522 TALE 162859 423 78916 1315

8561 26899 ez 8% 814 363 8 WY
13 2140 7444 umm 28] 3608 218 1399 195
14 1229 289 3617 BA92 1944 333 415 L
13 9845 m yorad 4304 6049 % 320 268

—
(L]

tota) 14196582 11489795 12018609 11290977 10616399 399679 MDA 7214784

Corre]ation between observed CPUE and stocksize = 0.7219
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Table 12. Estimated annual (age specific) fishing mortality retes for the
stochasticelly derived catches of the western Gulf of Mexico
red snapper stock {M = 0.20).

Fishiny Mortalities

AE 1979 190  I%81 1962 193 1984 198
1 01542 0,054 0.2578 0040 0.068 0.0388  0.0371
2 0480 0.4370 07897 0,938 0961 0.30 0,231
3 0438 0940 0575 0.880 0733 0.2 0.2321
4 0.0  0.6085 0.8467 0.6839 0090 05242 0,232
S 0,215  0,089% 0548 1.13%0 0.0451 0,098 0.232
6 0.8911 01403 0.0481 0171 01277  0.3%7 0,232
7 0.07% 0528 0.7 0.095 0,07® 0.69%7 0,232
8 0.17%  0.149 0418 0.0104 0205  0.0401 0,232
9 04812 L2AW 00318 07881 0137 0,03 0.232

10 0.0167 LOSTL  O.M53  0.009% 0.0765 0.635 0.2321

11 0.0188 1,895 02300 0,462 3.455 2475 02321

12 004 0583 0.5 0.0707 0.347 0783 0.2

13 16033 00342 01828 00914 0.189% 14881 0.2321

W 02961 0,057 0.07 02047 1.8135 0.0774 0.2

15 0.315 0.5 03408 0.3915 0,597 0455 0.2

* %tarting F determined as the average of ages 1 and 2 to full F over 1979-83.

Appendix

Teble 13. Estimated annual (ege specific) stock sizes for the stochastically
derived catches of the western Gulf of Mexico red snapper stock

(M = 0.20).
Initial Stock Sizes
AGE 1979 1980 1981 1952 1983 1564 1989 1984
1 SIB7906 3485130 &577234 'S590290 5368123 NBHITY  ATISI62 0
2 63A0836  A0MO 2702564 4151424 4371266  ANOGHRD 2432802 TS
3 2653107 3190087 1925327 1010576 1332806 1358777 2400939 1579240
4 1617906 1411912 996048 BEB29S  MIAE S2M135 409397 15585
5 1059577 1159021  A2%0%A 39717 W17 B[O ZSAMM3 39T
[ 140898 499289 G456 2989:) QLS WITHE 190684 144911
7 S20775 7318 A8T7S0  bTMA2L 208455 6051 155647 123770
8 100575 ¥ B2 799 0012 1T 26998 10363
9 128502 8795  ZTI6SG 1HSS 302483 4516 122413 {755

10 60421 16145 2022t M08 213797 20048 79N
1 0875 48451 15145 8748 188171 4858 TTS 169068
12 129718 2840 954 98352 u2 434 k< 50609
13 3594 10338 13012 2800  75ib 2669 1613 217
14 1512 87 M2 1023 2092 5091 93 1047
15 12124 921 01 =13 68 34 % 30

total 17901605 14242519 14554738 13821736 13076609 10411547 11272490 7973845

Correlation between observed CPUE and stocksize = 0.7996
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Table 14. Estimated annual (ege specific) fishing mortelity rates for the
stochastically derived catches of the western Gulf of Mexico

red snapper stock (M = 0.30).

Fishing Mortalities

AE 1979
1 0.8
2 0.425
3 0.3207
& 0.077
S 0.13%
& 0.747
7 0.0573
g 0.152
§  0.5444
10 0.014
1t 0.0141
12 0.0181
13 1.30%
o 0.23%
15 0.3010

1980
0.0432
0.3469
0.8474
0. 4485
0.0536
0.1018
0.1236
0.1149
1.0383
0.77207
L4914

. 03‘57

0.9995
0, 0441
0.481%

1981
0.2169
0.4379
0.4538
0.7327
0.3762
0.0309
0.0454
0.3931
0.0265
0.3589
0.15t6
o. “76
0.1447
0.0723
0.2720

1962
0.0379
0.8040
0.6489
0.3209
0.9401
0.1217
0.0642
0.0076
0.4780
0.0639
0.4042
ol m
o.m
0.1728
0.3144

1983
0.0522
0.017
0.4091
OIM
o.m
0.1029
0.0533
0.151&6
0.1102
0.0687
3.2296
0.2658
0.13%
1,4045
0.5243

1984
0.6305
0.2117
0.503
0.4307
0.0725
0.2979
0.9782
0.0815
0.039
0.5238
2,242¢
0.5605
1.2984
0.0610
0.3618

1985
0.0316
0.1972
0.1972
0.1972
¢.1972
0.1972
0.1972
0.1972
0.1972
0.1972
0.1972
0.1972
0.1972
0.1972
0.1972

* Starting F determined as the
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Table 15. Estimated annual (age specific) stock sizes for the stochastically

sversge of eges 1 and 2 to full F over 1579-83.

derived catches of the westerr Gulf of Mexico red snapper stock

Initial Stock Sizes

{M = 0.30).
PCE 197%
1 B99597
2 T3
3 M015
4 207307
S 183128
é 168553
7 7526870
8 122912
9 157838
10 72083
1l S6900
12 20539
13 NS
14 1920
15 15500

1980
4590648
4506488
3504700
1865971
1992728
12199

60498
526683
78204
47707
S22
41362
14543

S381

nz

tota]l 22946363 18632041

1981
8031809
354913
2412288
1144338
882704
1399265
751301
00y
A78L7
20574
23207
7184
19521
10061

B14

18350430

1562

wreznt
4765942
1274962
1135114
07452
448917
1005045
5316862
19806
2092
J0539
1473
334
12513
6934

16990420

1983
7335886
3048510
1568114

483844
499495
117696
27471
696802

IS
448

174350
322
10423
2280
7%

186643404

1984

4106292
157979
1651230
639811
335641
352067
78301
206832

#3512
259453

S1%2
Si12
2960
N3

8

13252053

1985

804527
2950649
JAB
73119
30812t
231253

2145

146471
313889

113516
1956
w
LY

13758103

198

£166828
1794690
1771184
M55
197409
140656
117172
1991

192134
69105
W
1190

9001353

Correlation between observed CPUE and stocksize = 0.9701.

A
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