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Abstract—Age and growth were exam-
ined of red snapper, Lutjanus campecha-
nus, captured in an extensive (3100
km?) artificial reef area off Alabama in
the northern Gulf of Mexico. Sagittal
otoliths were removed from individu-
als (n=1755) sampled from recreational
catches and tournament landings. Mar-
ginal increment analysis of sectioned
otoliths revealed that a single opaque
zone formed annually in sagittae from
January through May. Fish ages were
estimated from the number of opaque
zones in otoliths, timing of opaque
zone formation, sampling date, and a
presumed birthdate of 1 July. Esti-
mated growth of recaptured red snap-
per (n=288) from a tagging experiment
was similar to growth estimated from
otolith-aged fish and corroborated oto-
lith aging methods. The von Bertalanffy
growth function fitted to length-at-age
data was TL = 969 mm (1—e0-192(t-0.020))
(P<0.001; r2=0.99), which was similar
to reported growth functions for west-
ern Gulf of Mexico and Atlantic red
snapper. Results of our study are con-
sistent with the single stock hypothesis
for Gulf of Mexico red snapper.
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Red snapper, Lutjanus campechanus,
are large, predatory reef fish belonging
to the family Lutjanidae. They gen-
erally are found from Cape Hatteras,
North Carolina, to the Yucatan Penin-
sula, including the waters of the Gulf
of Mexico (GOM) but not the Caribbean
Sea (Hoese and Moore, 1998). Through-
out their range red snapper are dis-
tributed along the continental shelf out
to the shelf's edge and demonstrate
affinity for vertical structure. Adults
aggregate on or near coral reefs, gravel
bottoms, or rock outcrops, as well as
on artificial reefs, oil rigs, and wrecks
(Moseley, 1966; Szedlmayer and Shipp,
1994; Stanley and Wilson, 1997).

Red snapper support economically
valuable recreational and commercial
fisheries in U.S. waters of the GOM
(GMFMC, 1989). Federal management
of GOM red snapper is based on the as-
sumption that fish from Florida to Tex-
as constitute a single stock. Although
genetic evidence supports this assump-
tion (Camper et al., 1993; Gold et al.,

1997; Heist and Gold, 2000), fish are not
distributed uniformly across the north-
ern GOM. Fisheries-dependent data
suggest there is a center of red snapper
abundance off southwest Louisiana and
a second, smaller center of abundance
off Alabama (Goodyear, 1995a; Schir-
ripa and Legault, 1999). For example,
from 1981 to 1998 estimated Louisiana
landings of red snapper (commercial
and recreational catch from state and
federal waters) accounted for 32.6%
(mean) £1.5% (SE) of the total GOM
harvest, whereas Alabama landings ac-
counted for 11.4% +0.9% of the total
catch (Schirripa and Legault, 1999).
Although fewer red snapper are har-
vested from waters off Alabama than
from the northwestern GOM, the red
snapper fishery off Alabama is unique
in several ways. Given that Alabama'’s
GOM coastline represents only about
3.0% of the coastline from Tampa, Flor-
ida, to Brownsville, Texas, a dispropor-
tionately high percentage of the GOM
red snapper harvest is caught and land-
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Map of artificial reef permit areas off Alabama. Date of creation is given for each area.

ed there. The productivity of the red snapper fishery off
Alabama occurs despite the fact that few high-relief (>1
m) natural reefs exist on the continental shelf in the north
central GOM (Parker et al., 1983; Shultz et al., 1987;
Schroeder et al., 1989); however, off the coast of Alabama
exists a 3100-km? area designated for artificial reef de-
ployment (Fig. 1). The correlation between high catch rates
and the creation of artificial reefs off Alabama has caused
some to speculate that artificial reefs have increased the
productivity of the GOM red snapper stock in this area
(Szedlmayer and Shipp, 1994; Minton and Heath, 1998).
Despite the implied effect of artificial reefs on the red
snapper fishery off Alabama, few studies have focused on
red snapper in this area. The objective of our study was
to estimate growth rates of adult red snapper captured
off Alabama with otolith-aging and mark-recapture meth-
ods and to compare growth estimates with growth of adult
red snapper from the western GOM and the southeastern
United States. As a corollary to our primary objective,
we also attempted to validate presumed annual growth
rings in otoliths with marginal increment analysis and
present a comparison of estimated growth of otolith-aged
red snapper with estimated growth of tagged individuals.

Methods

Otolith aging

Red snapper were sampled from July 1995 to September
1999. All fish were caught over artificial reef sites off Ala-

bama. Red snapper shorter than the legal size limit (380
mm total length [TL] for most of the study) were ran-
domly sampled from undersize fish caught during research
cruises to tag red snapper. Fish longer than the legal
size limit were either randomly sampled from recreational
catches or sampled opportunistically at spearfishing or
hook-and-line fishing tournaments. Total length and fork
length (FL) were measured to the nearest mm for all fish,
and whole weight was measured to the nearest 0.1 g. Sex
was determined for most fish by macroscopic examination
of the gonads. Both sagittae were removed from each sam-
pled individual, rinsed of any adhering tissue, and stored
in paper coin envelopes until processing.

Otoliths were sectioned in a transverse plane following
the methods of Cowan et al. (1995) and were read under
transmitted light with either a Micro Design® model 925
microfiche projector or an Optimas® image analysis sys-
tem (Media Cybernetics, 1999). Otoliths were read inde-
pendently by two readers. Blind counts of opaque zones of
each sectioned otolith were made along the ventral margin
of the sulcus acousticus from the core to the proximal sur-
face; marginal increments were scored following Beckman
et al. (1991) (Table 1, Fig. 2). Otoliths for which counts of
opaque zones differed between readers were read a second
time. Precision among readers was evaluated with the co-
efficient of variation (CV) (Chang, 1982), index of preci-
sion (D) (Chang, 1982), and average percent error (APE)
(Beamish and Fournier, 1981).

Age was estimated from the number of opaque zones in
otolith sections, timing of opaque zone formation, assumed
birthdate, and sampling date. It was assumed that opaque
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Table 1

Scale used in determining condition of red snapper otolith
marginal increments.

Margin score Margin description

1 Opaque zone begins to form at edge;
zone is <1/3 the thickness of the previ-
ous opague zone.

2 Opaque zone at edge is between 1/3
and 2/3 the thickness of the previous
opaque zone.

3 Opaque zone at edge is >2/3 the thick-
ness of the previous opaque zone.

4 Translucent zone begins to form at
edge; zone is <1/3 the thickness of the
previous translucent zone.

5 Translucent zone at edge is between
1/3 and 2/3 the thickness of the previ-
ous translucent zone.

6 Translucent zone at edge is >2/3 the
thickness of the previous translucent
zone.

zones constitute annuli and that annulus formation be-
gins 1 January (see “Results” section). The birthdate for
red snapper in the north central GOM was assumed to be
1 July, which follows the convention of Goodyear (1995a)
and is based on the peak in red snapper spawning in the
north central and northeastern GOM (Collins et al., 1996;
Szedlmayer and Conti, 1999). According to these assump-
tions, young-of-the-year northern GOM red snapper form
their first annulus in sagittae beginning in January when
fish are approximately 0.5 yr old. Therefore, the opaque
zone closest to the otolith core represents only 0.5 yr of
life, which was accounted for in the aging algorithm.

Age (in d) was estimated (for most fish) by first sub-
tracting one opaque zone from the total number of opaque
zones in a given otolith and multiplying the difference by
365 d. Next, 182 d was added to the product to account for
the first 0.5 yr of life. Finally, the day of year (number of
days since 1 January) the fish was sampled was added to
account for the number of days in the sampling year that
the fish was alive. The result was divided by 365 d to es-
timate age in years. Age was estimated similarly for fish
that were sampled in November and December and had
already begun forming opaque margins, except two was
subtracted from the total number of opaque zones before
multiplying by 365 d in order to assign fish to the correct
year class. For fish that were sampled in January that did
not have an opaque margin, zero was subtracted from the
total number of opaque zones.

Von Bertalanffy (1938, 1957) growth functions (VBGFs)
were fitted to TL-at-age data with Proc NLIN in SAS (SAS
Institute, Inc., 1996). Von Bertalanffy growth functions
were fitted separately for males and females and a likeli-
hood ratio test was used to test for difference in growth

Figure 2
Digital images of (A) the proximal view of the left sagitta
from a 408-mm-TL female red snapper sampled in August
1996 and (B) a thin section of a sagitta from a 683-mm-TL
female red snapper sampled in January 1996. White
squares on the thin section designate opaque zones (n=6);
edge score is one.

between sexes (Kimura, 1980; Cerrato, 1990). Von Berta-
lanffy growth functions also were fitted for the complete
data set and for the complete set excluding tournament
sampled fish.

Weight-TL relationships were modeled with non-linear
regression for females and males following Ricker (1975).
The functions were computed with Proc NLIN in SAS
(SAS Institute, Inc., 1996). Sex-specific weight-TL rela-
tionships were made linear by taking the log of weight and
TL, and difference between sexes was tested with an anal-
ysis of covariance (ANCOVA) on the log-transformed data
(SAS Institute, Inc., 1996). Lastly, a weight-TL nonlinear
regression was computed for females and males combined
with Proc NLIN in SAS (SAS Institute, Inc., 1996).

Mark-Recapture

A tagging study of adult red snapper was conducted off
Alabama from March 1995 to August 1999. Fish were
caught with hook and line over nine artificial reef tagging
sites in the Hugh Swingle general permit area for arti-
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Figure 3
Distribution of total length (TL) of red snapper sampled for age and growth
estimation.

ficial reef deployment (labeled 1986 in Fig. 1). Each fish
was measured to TL and FL, tagged with a yellow Floy®
(Seattle, WA) internal anchor tag, and released. Individu-
als were recaptured on subsequent tagging trips or were
recovered by recreational and commercial fishermen. Red
snapper recaptured on tagging trips were measured to TL
and FL and recovered fish were measured when fishermen
retained carcasses of tagged fish.

To corroborate red snapper age estimates, VBGF para-
meters estimated from otolith-aged fish were incorporated
into Fabens’ (1965) length increment model to predict TL
at recapture of tagged fish (Labelle et al., 1993; Thompson
et al., 1999). Solving for TL at recapture, Fabens’ model is
computed as

TLr, =Tl + (L, — t;) (1 — e7*46), 1)
where TLr; = predicted TL at recapture of individual i;
TL; = TL at release of individual i;

L, = TL asymptote from VBGF estimated from
otolith-aged fish;

K = growth coefficient from VBGF estimated
from otolith-aged fish; and

t; = time at liberty of individual i.

Predicted TL at recapture from Fabens’ method was plot-
ted against observed TL at recapture to compare growth
model predictions to observed values.

Growth of tagged red snapper was estimated by regress-
ing their change in TL on days at liberty (SAS Institute,
Inc., 1996). A linear regression also was computed on TL-
at-age data over the size range of recaptured individuals
from the tagging study (SAS Institute, Inc., 1996). Slopes

of resultant regressions were compared to assess if esti-
mated growth rates were different between tagged and
otolith aged fish.

Results

Age and growth

Sagittae were collected from 1755 red snapper, including
360 fish shorter than the minimum size limit (380 mm
TL) caught on tagging cruises, 289 fish from tournaments,
and 1106 fish randomly sampled from recreational catches
(Fig. 3). Sex was not determined for 279 fish, of which
61 individuals were immature. Mean TL (+SE) was 518.3
(¥5.04) mm for males and 529.5 (£5.96) mm for females.
Total length of immature individuals ranged from 208 to
309 mm.

Of the 1755 otoliths sectioned for age determination,
reader 1 and reader 2 agreed on the number of opaque
zones for 1610 (91.7%) fish after the first reading; opaque
zones in 23 otoliths were deemed not interpretable owing
to sample preparation. Count disagreement between read-
ers was the following: one opaque zone for 123 fish, two
zones for 18 fish, and three zones for four fish. Otoliths
were read a second time if reader counts were not in agree-
ment and second otoliths were sectioned and read of the
23 fish for which otoliths were rejected after the first read-
ing. After the second reading, agreement was reached for
1676 (95.6%) otoliths, including all 23 otoliths that were
second sections. Disagreement between readers after the
second reading was as follows: one opaque zone for 71 fish,
two zones for 7 fish, and three zones for one fish; fish for
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which agreement was not reached after the sec-
ond reading were not assigned ages or included
in the growth estimation. Precision estimates
were 1.25% for APE, 0.90% for CV, and 0.64%
for D after the second reading.

A clear pattern exists in the marginal in-
crement scores, demonstrating that one opaque
zone is formed annually in winter (Fig. 4). Most
otoliths had opaque margins by January and
had translucent margins by June, thus, timing
of opaque zone formation appears to be from
January through May for most fish. Eight fish
(of 118) sampled in November (1997) and six
fish (of 66) sampled in December (1996) had
opaque margins. Four fish (of 47) sampled in
January (1997) had translucent margins.

The oldest female sampled was 34.1 yr old
and the oldest male sampled was 33.2 yr old.

Margin score
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Figure 4

Plot of monthly margin edge scores of red snapper sagittae. Symbol
size is relative to the percentage of fish with the corresponding margin
edge score. Monthly sample size is given.

The female to male ratio was 1.1:1 overall but
was 1.5:1 for fish between 10 and 20 yr old and
3.4:1 for fish greater than 20 yr old (Fig 5, A and B). Von
Bertalanffy growth functions for females and males mod-
eled separately were

Females: TL = 976(1—e0-191(t-0.051))
(3735 = 21,952; P<0.001; r* = 0.99)

Males: TL = 956(1—e0-194(t+0.054))
(Fa.726 = 19,058; P<0.001; r2= 0.99).

Computed VBGFs were not significantly different between
males and females (likelihood ratio test; P>0%;_, =0.2879),
therefore, sexes were modeled together. Von Bertalanffy
growth functions computed for all fish and excluding tour-
nament sampled fish were

All fish: TL = 969(1—e-0-192(t-0.020))
(F3.1.67,=47,690; P<0.001; r2=0.99) (Fig. 6)

Excluding tournament fish: TL = 1181(1—0-120(t+0.652))
(F3.1.46:=43,550; P<0.001; r2=0.99).

The growth model including all fish was similar to other
VBGFs estimated for GOM and southeast U.S. Atlantic
red snapper (Fig. 7, Table 2).

Weight-TL nonlinear regression models for females and
males modeled separately were

Females: Weight = (4.46 x 10-9)TL318
(F1.45= 42,577; P<0.001; r2=0.98)

Males: Weight = (5.18 x 10-9)TL316
(F1.726= 43,956; P<0.001; r2=0.99).

Log-transformed weight-TL relationships were not signifi-
cantly different between males and females (ANCOVA test
for equal slopes; Fy.; 465=1.54, P=0.2145; ANCOVA test for
equal intercepts; Fy.; 465=1.49, P=0.2226), therefore, sexes
were modeled together. The resultant nonlinear regres-
sion model was
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Figure 5
Distributions of age for (A) all sampled red snapper and
(B) all fish greater than 10 yr old. Legend in section A is the
same for both distributions.
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Scatterplot of red snapper TL-at-age data for all fish assigned ages. Plotted
line is the von Bertalanffy growth function fitted to the data.

Weight = (4.68 x 10-9)TL317
(F1.1 4;=85,961; P<0.001; r2=0.98).

Mark-Recapture

A total of 2932 adult red snapper were tagged. Total length
at recapture was measured for 288 of 519 recaptured
individuals. Mean TL (£SE) of recaptures was 344 (+4.1)
mm (range: 183—660 mm) at release and 423 (£5.6) mm
(range: 253-726 mm) at recapture, and mean time at lib-
erty (zSE) was 334 (+16.3) d (range: 12-1501 d). Predicted
TL from Faben’s method corresponded well to observed TL
at recapture for tagged fish (Fig. 8). The linear regression
of change in TL on days at liberty was statistically sig-
nificant (F,.,4,=631.0, P<0.001, r?=0.76) and had a slope
of 0.238 mm/d (Fig. 9A). The range in estimated ages of
otolith-aged fish for the linear regression of TL on age
was 356-2599 d (approximately one to seven years). The
model was statistically significant (F, ., 5,,=6309, P<0.001,
r2=0.80) and had a slope of 0.240 mm/d (Fig. 9B).

Discussion

Validating the periodicity of opaque zone formation in oto-
liths as annual is imperative for age and growth studies
where otoliths are used as aging structures (Beamish and
McFarlane, 1983, 1987). Annual formation of opaque zones
in otoliths has been validated for several tropical and su-
tropical lutjanids (Manooch, 1987; Fowler, 1995; Cappo et
al., 2000), and annual formation of opaque zones in red snap-
per sagittae has been reported from the northwestern GOM

and the southeastern U.S. Atlantic (Render, 1995; Manooch
and Potts, 1997; Wilson and Nieland, 2001). Our marginal
increment analysis of red snapper otoliths demonstrates
that opaque zones in adult red snapper sagittae also are
formed annually in the north central GOM. The pattern of
monthly marginal increment scores reveals that some fish
begin opaque zone formation as early as November and some
do not have translucent margins until midsummer; however,
the general pattern of opaque zone formation is from Jan-
uary through May. Render (1995) and Wilson and Nieland
(2001) have reported a similar pattern for adult red snapper
in the northwestern GOM, and opaque zone formation in
winter—spring has been shown for sagittae of several other
teleosts in the northern GOM (Maceina et al., 1987; Beck-
man et al., 1989, 1990, 1991; Thompson et al., 1999).

Because relatively few old red snapper were sampled in
our study, and samples of old fish came mostly from tour-
naments in summer months, we were unable to validate
ages beyond 8 years. Baker (1999) compared age estimates
of otolith-aged GOM red snapper with age estimates from
radiometric dating of their otolith cores and reported that
age estimates from the two methods were highly correlat-
ed for fish up to 37 yr old, thus corroborating otolith-based
estimates of age for older fish. Therefore, despite lack of
annulus validation for older red snapper ages in our study,
we are confident that otolith-based age estimates of older
individuals are accurate.

Age and growth

Red snapper are long-lived reef fish; we observed a maxi-
mum age of 34 yr for females and 33 yr for males. Other
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Table 2
Results from previous studies of the age and growth of Gulf of Mexico and southeastern U.S. Atlantic red snapper.

Wilson and Nieland, 2001;

Study and location Aging structure Maximum age (yr) L, mm (TL) K t,
Szedlmayer and Shipp (1994);
north central GOM sectioned otoliths 42 1025 0.150 not reported

northwest GOM sectioned otoliths 53 938 0.175 -0.530
Nelson and Manooch (1982); GOM scales and sectioned otoliths 15 941 0.170 -0.10
Nelson and Manooch (1982);

southeast U.S. Atlantic scales and sectioned otoliths 15 975 0.160 0.00
Manooch and Potts (1997);

southeast U.S. Atlantic sectioned otoliths 25 955 0.146 0.182

authors have reported fish over 40 yr old

(Szedlmayer and Shipp, 1994; Render, 1995;
Wilson and Nieland, 2001) and the oldest

fish aged to date is 53 yr old (Render, 1995; 1000 -

Wilson and Nieland, 2001). Among western
Atlantic lutjanids for which maximum age

has been reported, GOM red snapper has the 800 -

greatest longevity (Acosta and Appledoorn,
1992; Manickchand-Heileman and Phillip,
1996; Potts et al., 1998; Hood and Johnson,
1999). Maximum ages of 30+ and 40+ yr
have been reported for several species of

TL (mm)

Pacific lutjanids (reviewed in Rocha-Oliva- 400 -

res, 1998).
Overall, the numbers of sampled males

and females were nearly equal, but females 200 -

were predominant in samples greater than
10 yr old. A similar pattern was observed in
Pacific red snapper, Lutjanus peru, where
the female-to-male ratio was essentially
equal (1.1:1) for fish less than 10 yr old
and 2.4:1 for fish older than 10 yr (Ro-
cha-Olivares, 1998, Fig. 6). Rocha-Olivares
(1998) concluded from catch curve analyses
that differences in sex-specific numbers at
age for L. peru resulted from males experi-

600 -

---------- Present study
—-— SzedIimayer and Shipp (1994)
—--— Wilson and Nieland (2001)

Nelson and Manooch (1982)

Von Bertalanffy growth functions estimated from TL-at-age data for Gulf
of Mexico red snapper. Legend indicates source of each function.

5 10 15 20 25 30 35
Age (years)

Figure 7

encing a higher mortality rate. Differential

mortality between sexes is not unusual in

lutjanids (Grimes, 1987) and the predominance of female
GOM red snapper in older age classes may result from a
higher mortality rate for males.

Fish sampled from tournaments were included in growth
estimation because few large, old individuals were sam-
pled randomly from the recreational catch. The inclusion
of tournament sampled fish could bias growth estimates
because tournament anglers target large fish; thus the po-
tential exists for them to catch or spear the fastest grow-
ing individuals at a given age (Ottera, 1992; Vaughan and
Burton, 1993; Goodyear, 1995b). Without the fish sampled
from tournaments, however, the VBGF did not reach an
asymptote; therefore growth parameters were poorly esti-

mated (Hirschhorn, 1974). We feel that excluding the tour-
nament fish from growth function estimation introduced
far greater bias than including them.

Mark-Recapture

Comparisons between estimated growth of tagged red
snapper and otolith-aged fish corroborate otolith aging
methods. Predicted TL of tagged individuals obtained with
Fabens’ (1965) method and VBGF parameters estimated
from otolith-aged fish are coincident with observed TL at
recapture because predicted and observed values corre-
sponded well to the line of 1:1 agreement. Although ours
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Predicted total length (TL) at recapture computed for tagged red snapper
(n=288) plotted versus observed TL at recapture. Diagonal line is the line
of one-to-one agreement between predicted and observed values.

was a graphical rather than a statistical exercise (Labelle
et al., 1993; Thompson et al., 1999), results corroborate
otolith-based estimates of growth.

Direct comparison of linear growth functions computed
for tagged fish and otolith-aged fish provides further sup-
port for otolith-based estimates of growth (slopes from
the two equations differed by only 0.002 mm/d). Francis
(1988) cautioned against direct comparison of age-based
growth estimates with growth estimates from tagging
data because different information results from the dif-
ferent data types. The linear model fitted to length-at-age
data predicts TL of fish for a given age (in d), whereas the
linear model fitted to tagging data predicts the increment
of growth expected of a fish at liberty for a given number of
days. However, because the relationship between TL and
age is linear over the range of TL from the tagging data
(Szedlmayer and Shipp, 1994), we submit that the slopes
can be compared as estimates of mean growth. The slope
of the age-based linear model is an estimate of the pop-
ulation growth rate of young fish, whereas the slope of
the length-based linear model is an estimate of the mean
growth of tagged individuals. That growth estimates for
otolith-aged and tagged red snapper are very similar cor-
roborates the aging method with otoliths and indicates
that on average tagging did not affect fish growth.

Red snapper off Alabama

The red snapper fishery off Alabama is unique in several
ways. Despite the reported lack of high-relief natural reef

structures on the continental shelf off Alabama (Parker et
al., 1983; Shultz et al., 1987; Schroeder et al., 1989), fish-
ermen land a disproportionately high percentage of the
annual GOM red snapper harvest from Alabama coastal
waters (Schirripa and Legault, 1999). Although Alabama
red snapper landings have accounted for approximately
11% of total GOM landings from 1981 to 1998, the recre-
ational fishery off Alabama accounted for mean (+SE) 21.1
(*¥2.25)% of GOM recreational landings from 1981 to 1998
and 26.5 (£1.83)% of recreational landings from 1990 to
1998 (Schirripa and Legault, 1999). Total landings of red
snapper from the U.S. GOM averaged 3.5 x 10% metric tons
from 1981 to 1998, with commercial and recreational land-
ings essentially equal; however, 94% of Alabama red snap-
per landings from 1990 to 1998 came from the recreational
sector of the fishery (Schirripa and Legault, 1999).

The red snapper fishery off Alabama is also unique be-
cause it is prosecuted almost entirely over artificial reefs
(Minton and Heath, 1998; Shipp, 1999). Artificial reef con-
struction began in the 1950s when charter boat operators
gained permission from the Marine Resources Division of
the Alabama Department of Conservation to place 250 car
bodies on the sea floor off Alabama (Hosking and Swingle,
1989; Minton and Health, 1998). Since the 1950s, artifi-
cial reefs have been constructed of a variety of materials
including car bodies, liberty ships, army tanks, kitchen
appliances, newspaper bins, and most recently, prefabri-
cated concrete structures. Reef building increased dra-
matically in the 1980s with the creation (by permit) of ar-
tificial reef areas that now encompass a total of 3100 km?2,
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and it is estimated that over 15,000 artificial reefs cur-
rently exist off Alabama (Hosking and Swingle, 1989;
Szedlmayer and Shipp, 1994; Minton and Health, 1998;
Havard?).

The correlation of catch rates with artificial reef con-
struction has caused some to conclude that artificial
reefs off Alabama have increased the production of red
snapper, as opposed to merely aggregating fish from
surrounding areas (Szedlmayer and Shipp, 1994; Min-
ton and Health, 1998). Among the evidence cited in sup-
port of this conclusion was that red snapper grew fast-
er, attained larger sizes, and lived longer over artificial
reefs off Alabama than other places throughout their
range (Szedlmayer and Shipp, 1994). More recent data,
including those from the current study, indicate that
GOM red snapper off Alabama grow similarly to and
reach similar sizes as fish from the northwestern GOM
and the Atlantic (Render, 1995; Manooch and Potts,
1997; Wilson and Nieland, 2001). It is also apparent
that the maximum longevity of fish off Alabama is no
greater than that of fish of other locations in the GOM
(Szedlmayer and Shipp, 1994; Render,1995; Wilson and
Nieland, 2001).

These results have important implications for man-
agement of GOM red snapper. That growth of fish off
Alabama is similar to growth of fish in the north-
western GOM is consistent with the management par-
adigm that northern GOM red snhapper constitute a
single stock (Goodyear, 1995a) and contrary to the hy-
pothesis that fish off Alabama are unique (Szedlmayer
and Shipp, 1994). Moreover, if fishing mortality rates
are higher off Alabama than other places in the north-
ern GOM but growth is the same, production of red
snapper may be lower off Alabama than in other areas.
Furthermore, if red snapper recruit to artificial reefs
off Alabama from other areas in the northern GOM,
Alabama’s red snapper fishery may serve as a net sink
for stock-specific production. Future research is needed
to compare mortality as well as growth of fish from dif-
ferent areas in the northern GOM and to estimate the
source of recruits to Alabama’s artificial reefs.
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