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Abstract–The red snapper (Lutjanus 
campechanus) is currently under rig
orous federal and state management 
in the Gulf of Mexico because of appar
ent overfishing. Management strategies 
implemented to promote recovery of 
the species are dependent upon knowl
edge of various demographic variables, 
including the ages of individuals, the dis
tribution of these ages (cohort strength) 
within the population, and maximum 
longevity. Thus a dependable and pre
cise aging method is of principal impor
tance. Counts of annuli in otolith thin 
sections have been used to age many 
species of fish, including red snapper. 
However, the utility of this method for 
aging red snapper has been questioned 
by those who dispute both the appar
ent longevity (over 50 yr) of red snap
per and the position of the first annulus 
within the red snapper otolith. 

We counted annuli and assessed edge 
condition in sagittal otoliths of 3791 
red snapper collected from the north
ern Gulf of Mexico off Louisiana during 
the periods from 1989 to 1992 and from 
1995 to 1998. Opaque annuli were vali
dated by marginal increment analysis 
to form once per year from December 
through June. Estimated ages ranged 
from 0.5 to 52.6 yr for individuals from 
104 mm to 1039 mm total length and 
from 0.02 kg to 22.79 kg total weight. 
Among the 2546 specimens of known 
sex, both sexes evidenced rapid growth 
of individuals until about age 8–10 yr, 
after which growth slows considerably. 
Von Bertalanffy growth models for total 
length at age were significantly differ
ent for males and females, indicating 
differential growth between the sexes, 
with females typically obtaining larger 
sizes at older ages than do males. 
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The red snapper, Lutjanus campechanus eries in the GOM. However, document
(Poey) (family: Lutjanidae), is resident ed commercial landings from United 
on the continental shelves of the Gulf States territorial waters declined pre
of Mexico (GOM) and northwest Atlan- cipitously from historic highs of about 
tic Ocean from the Bay of Campeche, 6389 metric tons (t) in 1965 to 1015 
Mexico, to Massachusetts; however, it is t in 1991; estimated recreational land
found only occasionally north of Cape ings similarly waned from 4734 t in 
Hatteras, North Carolina (Rivas, 1966; 1979 to 581 t in 1990 (Schirripa and Le-
Robins and Ray, 1986; Hoese and Moore, gault1). Since 1991 both fisheries have 
1998). Although Rivas (1966) suggested been constrained by size limits, creel or 
that red snapper may also occur off trip limits, and quotas as established 
Bermuda, the Bahamas, and northern by the Gulf of Mexico Fishery Man-
Cuba, it has been reported neither agement Council (GMFMC). The best 
from Bermuda by Smith-Vaniz et al. efforts of the GMFMC and the com
(1999) nor from the Bahamas by Böhlke mercial and recreational sectors not
and Chaplin (1993), nor from Cuba by withstanding, overfishing of red snap-
Allen (1985). The species is replaced per in the GOM may persist (Schirripa 
in the Caribbean Sea and southward and Legault2). 
by the Caribbean red snapper, L. pur
pureus (Rivas, 1966; Robins and Ray, 

* Contribution LSU-CFI-00-01 of the Coastal1986; Hoese and Moore, 1998). Although Fisheries Institute, Louisiana State Uni
the appellation “red snapper” has been versity, Baton Rouge, LA 70803-7503. 
widely used to identify as many as 1 Schirripa, M. J., and C. M. Legault. 1997. 
12 commercially marketed lutjanids Status of the red snapper in U. S. waters 
(Camber, 1955; Carpenter, 1965), it is of the Gulf of Mexico: Updated through 

correctly applied only to L. campecha- 1996. Contribution rep.MIA-97/98-05 from 
Sustainable Fisheries Division,Miami Lab

nus (Robins et al., 1991). The binomina oratory, Southeast Fisheries Science Cen-
L. aya, L. blackfordi, and Neomaenis ter, National Marine Fisheries Service, 
aya, all of which appear in the litera- 75 Virginia Beach Drive, Miami, FL 

ture (e.g. Moseley, 1966) are synonyms 33149-1099. [Not available from NTIS.] 

of L. campechanus and refer to the red 
2 Schirripa, M. J., and C. M. Legault. 1999. 

Status of the red snapper in U. S. waters 
snapper sensu Robins et al. (1991). of the Gulf of Mexico: Updated through

The red snapper has been and re- 1998. Contribution rep. SFD-99/00-75 from


mains a significant component of both Sustainable Fisheries Division, Miami Lab

the commercial and recreational fish- continued 
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Accurate information on the age structure of the red 
snapper populations in the GOM is essential for monitor
ing year-class strength, for conducting stock assessments, 
and for documenting population recovery. Previous efforts 
at estimating red snapper age have employed a variety of 
aging methods. Bradley and Bryan (1975) cited the long 
spawning season and a constant recruitment into the pop
ulation as reasons for the difficulty in assigning red snap
per ages from length-frequency data. Moseley (1966) used 
scale annuli to age red snapper to age 4 yr and advanced 
spawning as the causal factor in check formation. Among 
240 red snapper taken off the west coast of Florida, Futch 
and Bruger (1976) estimated red snapper ages of 1 to 5 yr 
from 200 readable whole otoliths; however, they postu
lated ages up to 20 yr for larger individuals whose oto
liths were unreadable. Comparisons of ages derived from 
whole otoliths, scales, and vertebrae by Bortone and Hol
lingsworth (1980) revealed all three hard parts to be of 
equal utility in aging red snapper at age 1 and 2 yr. Wade 
(1981) also used scales to age red snapper to 9 yr. Nelson 
and Manooch (1982) reported red snapper ages from 1 to 
16 yr based on both scales and sectioned otoliths and dem
onstrated once yearly scale annulus formation in June and 
July from monthly mean marginal growth. A recent study 
of red snapper otoliths significantly extended the hypothe
sized longevity of red snapper in the GOM to 42 yr (Szedl
mayer and Shipp, 1994). Render (1995) provided a pre
liminary validation of yearly opaque annulus formation in 
sagittal otoliths and reported ages from 0 to 53 yr for red 
snapper in Louisiana waters. Examinations of otolith sec
tions from 537 red snapper captured in the northwestern 
Atlantic Ocean from Beaufort, North Carolina, south to 
the Florida Keys manifested a maximum longevity of 25 yr 
(Manooch and Potts, 1997). Among 907 red snapper from 
the GOM off Alabama, Patterson (1999) reported opaque 
annulus formation from January through June and maxi
mum ages of 30 yr for females and 31 yr for males. Despite 
these efforts, the longevity of red snapper remains contro
versial. Small sample sizes, a paucity of older specimens, 
and the failure to present legitimate validations of ages 
from hard parts (Beamish and McFarlane, 1983) have var
iously hampered the above studies. It has further been 
speculated that larger and presumably older red snapper 
form numerous false annuli within otoliths (Rothschild et 
al.3) . And both the timing of deposition and the position of 
the putative first annulus remain in question. 

Otolith analyses have proven consistent in estimating 
ages of many fish species, including several from the tem
perate waters of the northern GOM (Johnson et al., 1983; 
Barger, 1985; Beckman et al., 1988; Beckman et al., 1990, 
1991; Crabtree et al., 1992; Murphy and Taylor, 1994; 
Franks et al., 1998; Thompson et al., 1998). Herein we pres

2 (continued) oratory, Southeast Fisheries Science Center, National 
Marine Fisheries Service, 75 Virginia Beach Drive, Miami, FL 
33149-1099. [Not available from NTIS.] 

3 Rothschild, B. J., A. F. Sharov, and A. Y. Bobyrev. 1997. Red 
snapper stock assessment and management for the Gulf of 
Mexico. Report submitted to the National Marine Fisheries 
Service, Office of Science and Technology, 1315 East-West High
way, Silver Spring, MD 20910 USA. [Not available from NTIS.] 

ent our interpretations of the use of sagittal otoliths to es
timate ages of red snapper from the GOM off Louisiana. 
Specifically we address the timing of formation and posi
tion of the first annulus, validation of the once yearly accre
tion of opaque annuli, longevity, and reader reproducibility. 
We further describe the growth of red snapper with von 
Bertalanffy growth models for both males and females. 

Methods and materials 

Red snapper from recreational and commercial catches 
were sampled from 1989 to 1992 and from 1995 to 1998 by 
personnel of the Louisiana State University (LSU) Coastal 
Fisheries Institute and the Louisiana Department of Wild
life and Fisheries (LDWF). Although the vast majority of 
our sampling efforts were targeted at both wholesale facil
ities and charter boat docks located in Grand Isle and 
Port Fourchon, LA, the area of coverage in the northern 
GOM extended from off the Mississippi River Delta in the 
east to off Galveston, TX, in the west. Morphometric mea
surements (total length [TL] or fork length [FL] in mm, 
total weight [TW] or eviscerated body weight [BW], i.e. 
mass with liver, digestive tract, and reproductive organs 
removed, in g) were recorded, both sagittal otoliths were 
removed, and sex was determined, when possible, for each 
specimen. Eviscerated body weight was converted to TW, 
when necessary, with the equation TW=1.101(BW) – 26.32 
(linear regression, df=418; P<0.001; r2=0.996) and TL was 
estimated from FL with the equation TL=1.073 (FL) + 
3.56 (linear regression, df=1015; P<0.001; r2=0.999) . 

All undamaged, intact otoliths were weighed to the near
er 0.1 g. The left sagittal otolith from each individual was 
embedded in an epoxy resin and subsequently sectioned 
with a low-speed saw equipped with a wafering blade as 
described in Beckman et al. (1988). In those instances 
where the left sagitta was damaged or unavailable, the 
right sagitta was substituted. Examinations of otolith sec
tions were made with a compound microscope and trans
mitted light at 40× to 100× magnification. Counts of an
nuli (opaque zones) were accomplished by reading along 
the medial surface of the transverse section dorsal or ven
tral to the sulcus; annuli were often inconsistent in other 
regions of the otolith section. Annuli were counted by two 
readers without knowledge of date of capture or morpho
metric data. The appearance of the otolith margin was al
so coded as either opaque or translucent (Beckman et al., 
1988). Sections were recounted a second time by both read
ers when initial counts disagreed. Rather than excluding 
the small number of individuals for which a consensus 
could not be reached after a second reading (n=27), the as
signed annulus count for these was that of the more experi
enced reader (reader 1). Reader 2’s annulus count and edge 
condition were used in those circumstances where reader 
1’s were missing (n=2). Annulus counting error between 
the two readers was evaluated after both the initial and 
second readings of the otolith sections. Reproducibility of 
the resultant age estimates was evaluated with the coeffi
cient of variation, the index of precision (Chang, 1982), and 
average percent error (Beamish and Fournier, 1981). 
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The periodicity of opaque annulus formation was deter
mined by marginal increment analysis and by plotting 
the proportion of otoliths with opaque margins by month 
of capture (Beckman et al., 1988). To assess the possi
bility of false annulus formation among either younger 
or older red snapper, those individuals of age ≤5 yr and 
those >5 yr were also analyzed as above. Fork lengths 
at 100% maturity, 420 mm for males and 440 mm for 
females (Render, 1995), are achieved at about age 5. If 
one opaque and one translucent zone are shown to be 
formed each year, validation of annuli as being accreted 
once yearly is accomplished. 

Ages of red snapper were estimated from opaque annu
lus counts and date of capture with the equation 

Age (days) = −182 + (annulus count × 365) + 
)((m 1 30) + d, 

where m = the ordinal number (1–12) of the month of cap
ture; and 

d = the ordinal number (1–31) of the day of the 
month of capture. 

The 182 days that were subtracted from each age estimate 
are an accommodation for the uniform 1 July hatching 
date which was assigned for all specimens (Render, 1995; 
Collins et al., 1996). Age in yr was derived by dividing 
the age in days by 365. Thus a red snapper captured on 
1 January which exhibits five opaque annuli (including 
an opaque margin [see below]) in its otoliths would have 
an estimated age of 1644 days or 4.5 yr. Our age esti
mation method also assumed that opaque annulus for
mation at the otolith margin uniformly commenced in 
January. The small number of individuals captured in Sep
tember, October, November, and December that evidenced 
early formation of opaque annuli had their ages adjusted 
by subtracting 365 days from their age estimates. Con
versely, a larger number of individuals captured in Janu
ary, February, and March had otoliths with translucent 
margins—evidence of an assumed delay in opaque annu
lus formation. The age estimates of these were augmented 
by the addition of 365 days. 

Total length-TW regressions were fitted with linear re
gression to the model TL = a TW b from log10-transformed 
data. Male and female regressions were compared with 
analysis of covariance (SAS, 1985). Only those red snap
per for which sex could be determined were used to fit 
growth models. Von Bertalanffy growth models of TL at 
age were fitted with nonlinear regression by least squares 
(SAS, 1985) in the form 

(TLt = L∞(1 − e− k t−t0 ) ), 
where TLt = TL at age t; 

L∞ = the TL asymptote; 
k = a growth coefficient; 
t = age in yr; and 
t0 = a hypothetical age when TL is zero. 

Growth models were generated for three groups of red 
snapper within which the age and TL of all individuals 
were extant: 1) all specimens, 2) all specimens of known 
sex, and 3) specimens of known sex for which growth 
models were fitted independently for each sex. Likelihood 
ratio tests (Cerrato, 1990) were used to test for differences 
between males and females, both in growth models and in 
growth parameter estimates. Significance level for statis
tical analyses was 0.05 unless indicated otherwise. 

Results 

During eight years of variable collection effort, 3791 red 
snapper from recreational (n=274) and commercial (n=3517) 
catches were sampled for morphometric data and sagittal 
otoliths. Among the 1438 male and 1542 female specimens 
for which sex could be determined, females ranged from 
242 to 1039 mm TL and from 0.16 to 22.79 kg TW; males 
were 245–946 mm TL and 0.19–13.70 kg TW. Composite 
ranges for all specimens of either known or unknown sex 
were 104–1039 mm TL and 0.02–22.79 kg TW; however, 
67.6% of 3787 available TL were between 325 and 525 mm 
and 80.0% of 3718 available TW were less then 2.5 kg (Fig. 
1). Neither the slopes (df=2,932; F=3.41; P<0.065) nor the 
intercepts (df=2,932; F=3.16; P<0.075) of the TL-TW regres
sions were found to differ significantly between males and 
females; thus data for the two sexes were combined and a 
single predictive equation was generated 

TW=1.17 × 10–8 (TL)3.04. 

Sagittae of red snapper are ovate, laterally compressed, 
and have an indented sulcus acousticus on the proximal 
surface (Fig. 2A). Although one can count purported an
nuli in relatively small whole otoliths of red snapper less 
than age 5 (Futch and Bruger, 1976), it is difficult to dis
cern annuli in the larger otoliths of older individuals. Thin 
transverse sections of these older otoliths showed semidi
stinct translucent and opaque annuli that alternated from 
the core to the growing edge (Fig. 2, B and C). The presump
tive first annulus posed the most consistent problem for 
the readers. This annulus appeared as a diffuse “smudge” 
of opaque material variously located from totally isolated 
and somewhat distant from the core (Fig. 2B) to contig
uous to and continuous with the otolith core (Fig. 2C). 

Annulus counts ranging from 0 to 53 and edge condi
tions were determined by at least one reader for all 3791 
individuals sampled. Reader 2 considered all the otolith 
sections to be of sufficient quality to produce annulus 
counts; reader 1 provided annulus counts from all but two 
sections. After the initial counts, consensus between read
ers was achieved for 2804 individuals A second reading 
of the 987 sections for which annulus counts differed pro
duced consensus for 3762 individuals. The degree of agree
ment in red snapper opaque annulus counts between the 
two readers in each of the two readings was assessed. Av
erage percent error (APE), coefficient of variation (CV), in
dex of precision (D), and percentages of absolute differenc
es in counts are given in Table 1. 
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Figure 1 
Frequency histograms for (A) total length in mm (n=3787) and (B) total weight in kg 
(n=3718) for red snapper, Lutjanus campechanus, from the northern Gulf of Mexico off 
Louisiana. Specimens collected from the recreational and commercial fisheries from 
1989 to 1992 and from 1995 to 1998. The vertical arrow denotes the rod and reel world 
record red snapper caught on 23 June 1996. 
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Proportions of otoliths with opaque margins were plot
ted by month of capture for all individuals (n=3791), for 
those individuals presumed to be sexually immature (ages 
less than or equal to 5, n=2143), and for those from indi
viduals of presumptive sexual maturity (ages greater than 
5, n=948). Each of the three plots (Fig. 3) features a sin
gle broad peak and a single broad valley and conclusively 
demonstrates opaque annulus formation from December 
through June and translucent annulus formation from Ju
ly through November. Thus, the assumption of one to one 
correspondence between opaque annulus counts and esti
mated red snapper age in years is validated. Furthermore, 
this correspondence is validated for immature and mature 
individuals of all ages. 

Having demonstrated once yearly accretion of opaque 
annuli, we estimated ages from 0.5 to 52.6 yr from the 
annulus counts of the red snapper in our study. The vast 
majority of specimens examined were ages 2–5 and only 
1.2% of the total number were greater than age 15 yr (Fig. 
4). The few ages greater than 15 yr, which were not repre
sented in our sample, were 24, 28, 31, 34, 39, 40, 42–46, 
and 49–50. The otolith section from the oldest specimen 
examined is shown in Figure 5. 

Among 3787 individuals, the single von Bertalanffy 
growth model which best describes red snapper TL at age 
was 

TL (mm) = 941 [1 – e –0.18 (t + 0.55)], (r2=0.72). 
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Figure 2 
Medial view (A) and transverse sections (B and C) of red snapper (Lut
janus campechanus) left sagittal otoliths. Abbreviations for all are Do = 
dorsal, V = ventral, P = posterior, A = anterior, SA = sulcus acousticus, 
Di = distal, and Pr = proximal. Arrows with numbers indicate positions of 
opaque annuli and their enumeration. 

Not surprisingly, the von Bertalanffy growth model gen- talanffy growth models for males (n=1438) and females 
erated for all individuals of known sex (n=2979) was quite (n=1541) were significantly different from one another 
similar to the above: (χ2=75.09; df=1,2979; P<0.0001). The resultant models for 

TL at age were 
TL (mm) = 935 [1 – e –0.18 (t + 0.54)], (r2=0.72). 

Female TL (mm) = 977 [1 – e –0.16 (t + 0.63)], (r2=0.71) 
However, a likelihood ratio test revealed that von Ber- Male TL (mm) = 904 [1 – e –0.19 (t + 0.48)], (r2=0.73) 
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Table 1 
Average percent error (APE), coefficient of variation (CV), 
and index of precision (D) differences in red snapper (Lut
janus campechanus) otolith annulus counts for two read
ers on first and second readings. n = 3791. 

1st reading 2nd reading 

APE 0.0934 
CV 0.0011 
D 0.0008 
0 99.29% 
±1 0.61% 
±2 0.08% 
≥ ±3 0.53% 0.02% 

Figure 3 
Marginal increment analysis of red snapper (Lutjanus campechanus) otoliths for specimens of all ages (n=3791), 
for ages >5 (n=2143), and for ages >5 (n=948). 

Predicted TL at age for males and females (Figs. 6 and 
7) generated with the above equations illustrated rapid 
and roughly equivalent growth to an age of approximately 
8–10 yr after which the growth curves diverge. Differential 
growth between males and females was further demon
strated with likelihood ratio tests which indicated signifi
cant differences in L∞ (χ2=13.05; df=1,2979; P<0.0003) and 
k (χ2=7.16; df=1,2979; P<0.0075). No significant difference 
was detected in t0 (χ2=1.34; df=1,2979; P<0.247). Owing to 
the large variability in observed TL at age (Fig. 6), TL was 
a poor estimator of red snapper age within the range of TL 
encountered in our sampling efforts. 

Discussion 

Otolith annuli as indicators of age in years have been 
validated for many freshwater and marine fish species, 
including the Australian lutjanids L. adetii and L. quin
quelineatus (Newman et al., 1996) and L. argentimacula
tus, L. bohar, L.carponotatus, L. erythropterus, L. gibbus, 
L. johnii, L. malabaricus, L. monostigma, L. rivulatus, L. 
sebae, and L. vitta (Cappo et al., 2000). Previous studies of 
red snapper have used scales (Moseley, 1966; Wade, 1981), 
otoliths (Futch and Bruger, 1976; Szedlmayer and Shipp, 
1994; Render, 1995; Manooch and Potts, 1997; Patterson, 

1999), scales and otoliths (Nelson and Manooch, 1982) and 
scales, otoliths, and vertebrae (Bortone and Hollingsworth, 
1980) to estimate ages. Among these, early attempts to val
idate age estimation from circuli of scales and annuli of 
otoliths have suffered from two shortcomings: 1) a small 
sample size and 2) a paucity of individuals over age 10 
yr. Nevertheless, they have produced a general consensus 

3.736 
0.045 
0.032 

73.96% 
23.27% 
2.24% 
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Figure 4 
Age-frequency histogram (n=3791) for red snapper, Lutjanus campechanus, from the 
northern Gulf of Mexico. Specimens were collected from the recreational and commercial 
fisheries of the Gulf of Mexico off Louisiana from 1989 to 1992 and from 1995 to 1998. 

that transparent annuli (Nelson and Manooch, 1982) are 
formed during the spawning season, May to September in 
the GOM (Collins et al., 1996). Our validation of opaque 
annulus formation in otoliths of red snapper during the 
winter and spring seasons is in substantial agreement with 
previous efforts. Given that yearly formation of opaque 
annuli has been validated for substantial numbers of red 
snapper from the Atlantic waters off North Carolina south 
to Florida (Manooch and Potts, 1997) and the GOM waters 
off Alabama (Patterson, 1999) and Louisiana (Render, 1995; 
our study), and the validation among Australian conge
neric species cited above, the one-to-one correspondence 
between annuli and age in years should be indisputable. 

Certainly, the reproducibility statistics indicate that the 
annuli of red snapper otoliths are more difficult to count 
than those in otoliths of some other species. Comparisons 
of between-reader age estimates in several species of the 
family Sciaenidae have yielded almost 100% agreement 
(Beckman et al., 1988; Beckman et al., 1990; Barbieri 
et al., 1993; Lowerre-Barbieri et al., 1995). Sciaenid oto
liths are comparatively massive and annuli are especially 
well defined. Conversely, red snapper otoliths are relative
ly thin and fragile and the annuli become less well de
fined with increasing age. But, even given the above, a 
first reading followed by a second reading produced con
sensus in age estimates for 99.29% of those red snapper 
considered in our study. Patterson (1999) reported 93.8% 
between-reader consensus of red snapper annulus counts 
after two readings. Quite unlike the situation in sciaenids, 

training and experience are critical to achieving high be
tween-reader consensus on red snapper annulus counts. 

The variable position and the diffuse appearance of 
the first annulus formed during the first winter following 
hatching (age approximately 6 months) are presumed 
to be functions of both the protracted red snapper spawn
ing season and the rapid growth rate of juvenile red 
snapper. Those individuals that are spawned early in the 
season will experience proportionally more growth (and 
presumably more translucent zone accretion adjacent to 
the otolith core) than will a late spawned individual be
fore opaque annulus accretion begins during the following 
winter; thus the first opaque annulus will be more distant 
from the otolith core in the former instance than under 
the latter circumstance. Also with the first opaque annu
lus accreting at a rate theoretically corresponding to the 
rapid growth rate experienced during the juvenile stage, 
the resulting first annulus is broader and more diffuse in 
appearance than annuli produced during times of reduced 
growth rates in later life. A more complete understanding 
of first annulus formation in red snapper could improve 
insights into both recruitment patterns and growth rates 
of individuals within a spawning season. 

The distribution of ages among our sample population 
(Fig. 4) is certainly not reflective of the age distribution of 
red snapper in the GOM off Louisiana. Age-0 and age-1 
specimens have been largely unavailable to our sampling 
efforts owing to minimum size limits applied to the rec
reational and commercial fisheries during the 1990s. Also 
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Figure 5 
Cross section of sagittal otolith from the oldest red snapper, Lutjanus campechanus, from among 
3791 specimens sampled from the recreational and commercial fisheries of the Gulf of Mexico off 
Louisiana from 1989 to 1992 and from 1995 to 1998. Abbreviations are Do = dorsal, V = ventral, 
SA = sulcus acousticus, Di = distal, and Pr = proximal. Arrows with numbers indicate positions of 
opaque annuli and their enumeration. 

the dominance of ages 2–5 may reflect the practices of the 
fishermen who target red snapper and a migratory aspect 
of the species’ life history. Age-0, and to a lesser extent 
age-1, red snapper are known to inhabit shallow water 
areas devoid of complex habitats or vertical relief where 
some are vulnerable to capture in trawls. This behavior 
is illustrated in fishery-independent trawl data from the 
GOM, specifically the Fall Groundfish Survey and the 
Summer SEAMAP Survey, in which the great majority of 
red snapper captured are age 0 and 1 (Schirripa and Le
gault2). It has been hypothesized that the disappearance of 
red snapper from the trawl data at age 1 represents their 
migration to structures such as oil and gas platforms that 
presumably provide refuge from large predators (Render, 
1995). It is during this residence at the numerous oil and 
gas platforms off Louisiana that red snapper become vul
nerable to fishing gear. Because the platforms are easily 
located and potentially harbor large populations of red 
snapper and other fish species (Stanley and Wilson, 1996, 
1998), they are the preferred destinations for both com
mercial and recreational fishermen. The very low numbers 
of individuals of age >6 in our sample population likely re
sult from both removal from the population through fish
ing and natural mortalities and emigration away from the 

oil and gas platforms to alternative habitats where they 
are less susceptible to capture. 

It is difficult to compare the maximum observed red 
snapper longevity reported in our study with those re
ported in earlier studies (Moseley, 1966; Futch and Bru
ger, 1976; Wade, 1981; Nelson and Manooch, 1982; Render, 
1995; Szedlmayer and Shipp, 1994; Patterson, 1999) be
cause of the assortment of aging techniques (scales, whole 
or sectioned otoliths, length frequencies) and the variety of 
sources (commercial, recreational, or both) used. All show 
a predominance of relatively young individuals (<10 yr). 
However, recent advances and refinements in otolith prep
aration technology have allowed red snapper to be aged 
reliably up to the following ages: 42 yr (Szedlmayer and 
Shipp, 1994), 53 yr (Render, 1995), 31 yr (Patterson, 1999), 
and 52 yr (our study). Despite the sparsity of old red snap
per among these research efforts, there can be little doubt 
that red snapper at least have the potential to achieve ag
es of 40–50 yr and more. 

The red snapper growth models that we present are 
similar to those of earlier studies (Nelson and Manooch, 
1982; Szedlmayer and Shipp, 1994; Manooch and Potts, 
1997; Patterson, 1999) which did not produce separate 
models for the two sexes and variously applied weighted 
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Figure 6 
Observed total length (mm) at age and relationship of age to total length predicted from von Bertalanffy growth 
models for male (n=1438) and female (n=1542) red snapper, Lutjanus campechanus, from the northern Gulf of 
Mexico. Closed circles and narrow line represent males; open squares and thick line represent females. 

or unweighted analyses (Fig. 7). All models predict rapid, 
and very much similar, growth during the first 8–10 years 
of life and slower growth thereafter. Asymptotic lengths 
among the above varied from 936 to 1025 mm. Our von 
Bertalanffy growth models also predicted a greater as
ymptotic TL and slightly faster growth for female red 
snapper. Among marine teleosts from the GOM, a similar 
pattern of growth has been shown for red drum, Sciaenops 
ocellatus (Beckman et al., 1988), sheepshead, Archosargus 
probatocephalus (Beckman et al., 1991), and cobia, Rachy
centron canadum (Franks et al., 1998). However, this phe
nomenon in red snapper may be the result of a prepon
derance of data from the commercial fishery included in 
our analyses. Owing to minimum size limits enforced in 
both the commercial and recreational fisheries, we had ac
cess to few red snapper less than age 2 and few less than 
250 mm TL. Conversely, the preference of commercial red 
snapper fishermen and wholesalers for smaller, plate-size 
individuals afforded us little opportunity to sample larger, 
and presumably older, red snapper; these are the individu
als that can influence estimation of k and which ultimately 
drive estimation of L∞. The addition of another 20–30 old 
specimens of both genders could have profound effects on 
the estimations of L∞ for both sexes. Furthermore, growth 
studies of lutjanids in Australian waters (Davis and West, 

1992; McPherson and Squire, 1992; Newman et al., 1996) 
report faster growth and larger size at age among males. 
Proportionally greater expenditures of energy in the pro
duction of gametes by females is advanced to explain this 
observation (Newman et al., 1996). Thus, although the 
growth rates and asymptotic lengths for male and female 
red snapper are shown to differ statistically in our study, 
questions of the biological veracity and the biological sig
nificance of these differences remain unresolved. 

In addition to the differences in red snapper estimated 
growth rates between the sexes, there is an obvious high 
degree of diversity in individual growth rates. Owing to 
the large variability in age at a given TL (Fig. 6), this vari
able is a poor estimator of red snapper age. Our data in
dicate that red snappers of 400 mm, 600 mm, and 800 
mm TL could be ages 2–7 yr, 3–9 yr, and 5–35+ yr, respec
tively. As a more concrete example, consider the Interna
tional Game Fishing Association world-record red snapper 
caught by rod and reel, the otoliths of which were given 
to us for age analysis. This individual was caught off the 
coast of Louisiana by Doc Kennedy of Grand Isle, LA, on 
23 June 1996; it was 22.79 kg (50 lb, 4 oz) TW, 1039 mm 
(40.9 in) TL, and 965 mm (38 in) FL. Given the immense 
size of this specimen, one would reasonably expect it to be 
ancient by red snapper standards. However, our analysis 
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Figure 7 
Comparative von Bertalanffy growth models for red snapper, Lutjanus campechanus, from the western north 
Atlantic Ocean. S&S 94 = Szedlmayer and Shipp (1994), P 99 = Patterson (1999), N&M 82 = Nelson and 
Manooch (1982), and M&P 97 = Manooch and Potts (1997). Males and Females are from our study. 

revealed it to be only 19.98 yr. Conversely, the two oldest 
red snapper we encountered, age 52.63 and 51.73 yr, were 
a comparatively small 851 mm TL and 862 mm TL, respec
tively, and 7.886 kg TW and 9.188 kg TW, respectively. A 
similar pattern was noted by Patterson (1999) among the 
red snapper that he sampled from the GOM off Alabama. 

Personnel at the LSU Coastal Fisheries Institute con
tinue to investigate the nuances of deriving red snapper 
ages from sagittal otoliths. Although our marginal incre
ment analysis demonstrates that a single opaque incre
ment is formed each year, our sample size among older 
individuals, albeit larger than any previous investigation, 
is probably inadequate for absolute validation of this phe
nomenon. Thus, some have and will continue to question 
once yearly annulus accretion among red snapper older 
than 20 yr. A solution for this problem may lie in radio
metric aging techniques with protocols that analyze vari
ous radionuclides in the otoliths. Also, core-to-first-annu
lus measurements made on otolith sections from age-0 
and age-1 individuals would contribute to a better under
standing of when and how the first annulus is accreted. 

Acknowledgments 

We appreciate the able assistance of Ed Moss (LDWF), 
Bruce Thompson, Scott Baker, and many others in our red 
snapper sampling efforts. To Louise Stanley (reader 1) and 

Andrew Fischer (reader 2), we offer our gratitude not only 
for assistance in sampling, but also for the many long hours 
at the microscope counting annuli. Jane and Lonnie Black 
of USA Fish, Golden Meadow and Cameron, LA, graciously 
allowed us access to their facilities. We also thank Joey 
Trosclair and the employees of Trosclair Canning Com
pany, Cameron, LA, for their help and the many commer
cial and recreational fishermen who allowed us to sample 
their catches. Michael Schirripa, National Marine Fisher
ies Service, is gratefully recognized for his many tangible 
contributions to our red snapper research. The comments 
of Richard Shaw, Brigitte Nieland, and three anonymous 
reviewers contributed greatly to the manuscript. Funding 
for this research was provided by the U. S. Department 
of Commerce Marine Fisheries Initiative (MARFIN) Pro
gram (grant numbers NA90AA-H-MF762, NA57FF0287, 
and NA77FF0544). Finally, we take great pride in dedi
cating this paper to the memory of Jeffery H. Render, our 
friend and colleague, for his pioneering efforts in the study 
of red snapper life history in the northern GOM. 

Literature cited 

Allen, G. R. 
1985. FAO species catalogue. Vol. 6: Snappers of the world: 

an annotated and illustrated catalogue of lutjanid species 
known to date, 208 p. FAO, Rome. 



Wilson and Nieland: Age and growth of Lutjanus campechanus 663 

Barbieri, L. R., M. E. Chittenden Jr, and C. M. Jones. 
1993. Age, growth, and mortality of Atlantic croaker, Micro

pogonias undulatus, in the Chesapeake Bay region, with 
a discussion of apparent geographic changes in population 
dynamics. Fish. Bull. 92:1–12. 

Barger, L. E. 
1985. Age and growth of Atlantic croakers in the northern 

Gulf of Mexico, based on otolith sections. Trans. Am. Fish. 
Soc. 111:847–850. 

Bradley, E., and C. E. Bryan. 
1975. Life history and fishery of the red snapper (Lutjanus 

campechanus) in the northwestern Gulf of Mexico. Proc. 
Gulf Caribb. Fish. Inst. 27:77–106 

Beamish, R. J., and D. A. Fournier. 
1981. A method for comparing the precision of a set of age 

determinations. Can. J. Fish. Aquat. Sci. 38:982–983. 
Beamish, R. J., and G. A. McFarlane. 

1983. The forgotten requirement for age validation in fish
eries biology. Trans. Am. Fish. Soc. 112:735–743. 

Beckman, D. W., C. A. Wilson, and A. L. Stanley. 
1988. Age and growth of red drum, Sciaenops ocellatus, 

from offshore waters of the northern Gulf of Mexico. Fish. 
Bull. 87:17–28. 

Beckman, D. W., A. L. Stanley, J. H. Render, and C. A. Wilson. 
1990. Age and growth of black drum in Louisiana waters of 

the Gulf of Mexico. Trans. Am. Fish. Soc. 119:537–544. 
1991. Age and growth-rate estimation of sheepshead Archo

sargus probatocephalus in Louisiana waters using otoliths. 
Fish. Bull. 89:1–8. 

Böhlke, J. E., and C. C. G. Chaplin. 
1993. Fishes of the Bahamas and adjacent tropical waters. 

Univ. Texas Press, Austin, TX, 771 p. 
Bortone, S. A., and C. L. Hollingsworth. 

1980. Aging red snapper, Lutjanus campechanus, with oto
liths, scales, and vertebrae. Northeast Gulf Sci. 4:60–63. 

Camber, C. I. 
1955. A survey of the red snapper fishery of the Gulf of 

Mexico, with special reference to the Campeche Banks. 
Fla. Board Conserv. Tech. Ser. No. 12:1–64. 

Cappo, M., P. Eden, S. J. Newman, and S. Robertson. 
2000. A new approach to validation of periodicity and timing 

of opaque zone formation in the otoliths of eleven species of 
Lutjanus from the central Great Barrier Reef. Fish. Bull. 
98:474–488. 

Carpenter, J. S. 
1965. A review of the Gulf of Mexico red snapper fishery. 

U.S. Dep. Interior, Fish and Wildl. Serv., Bur. Comm. Fish. 
Circ. 208:1–35. 

Cerrato, R. M. 
1990. Interpretable statistical tests for growth comparisons 

using parameters in the von Bertalanffy equation. Can. J. 
Fish. Aquat. Sci. 47:1416–1426. 

Chang, W. B. 
1982. A statistical method for evaluating the reproduci

bility of age determination. Can. J. Fish. Aquat. Sci. 39: 
1208–1210. 

Collins, L. A., A. G. Johnson, and C. P. Keim. 
1996. Spawning and annual fecundity of the red snapper 

(Lutjanus campechanus) from the northeastern Gulf of 
Mexico. In Biology, fisheries and culture of tropical grou
pers and snappers (F. Arreguin-Sanchez, J. L. Munro, M. 
C. Balgos, and D. Pauly, eds.), p. 174–188. ICLARM Conf. 
Proc. 48. 

Crabtree, R. E., E. C. Cyr, R. E. Bishop, L. M. Falkenstein, and 
J. M. Dean. 

1992. Age and growth of tarpon, Megalops atlanticus, larvae 

in the eastern Gulf of Mexico, with notes on relative abun
dance and probable spawning areas. Env. Biol. Fishes 35: 
361–370. 

Davis, T. L. O., and G. J. West. 
1992. Growth and mortality of Lutjanus vittus (Quoy and 

Gaimard) from the North West Shelf of Australia. Fish. 
Bull. 90:395–404. 

Franks, J. S., J. R. Warren, and M. V. Buchanan. 
1998. Age and growth of cobia, Rachycentron canadum, from 

the northeastern Gulf of Mexico. Fish. Bull. 97:459–471. 
Futch, R. B., and G. E. Bruger. 

1976. Age, growth, and reproduction of red snapper in Flor
ida waters. In Proceedings: colloquium on snapper-grou
per fishery resources of the western central Atlantic Ocean 
(H. R. Bullis Jr. and A. C. Jones, eds.), p. 165–183. Florida 
Sea Grant College Program Report 17. 

Hoese, H. D., and R. H. Moore. 
1998. Fishes of the Gulf of Mexico. Texas A&M Univ. 

Press, College Station, TX, 422 p. 
Johnson, A. G., W. A. Fable Jr., M. L. Williams, and L. E. Barger. 

1983. Age, growth, and mortality of king mackerel, Scomb
eromorus cavalla, from the southeastern United States. 
Fish. Bull. 81:97–106. 

Lowerre-Barbieri, S. K., M. E. Chittenden Jr., and L. R. Barbieri. 
1995. Age and growth of weakfish, Cynoscion regalis, in 

the Chesapeake Bay region with a discussion of historical 
changes in maximum size. Fish. Bull. 93:643–656. 

Manooch, C. S., III, and J. C. Potts. 
1997. Age and growth of red snapper, Lutjanus campecha

nus, Lutjanidae, collected along the southeastern United 
States from North Carolina through the east coast of Flor
ida. J. Elisha Mitchell Sci. Soc. 113:111–122. 

McPherson, G. R., and L. Squire. 
1992. Age and growth of three dominant Lutjanus species of 

the Great Barrier Reef inter-reef fishery. Asian Fish. Sci. 
5:25–36. 

Moseley, F. N. 
1966. Biology of red snapper, Lutjanus aya Bloch, of the 

northwestern Gulf of Mexico. Publ. Inst. Mar. Sci., Univ. 
Texas 11:90–101. 

Murphy, M. D., and R. G. Taylor. 
1994. Age, growth, and mortality of spotted seatrout in Flor

ida waters. Trans. Am. Fish. Soc. 123:482–497. 
Nelson, R. S., and C. S. Manooch III. 

1982. Growth and mortality of red snappers in the west-cen
tral Atlantic Ocean and northern Gulf of Mexico. Trans. 
Am. Fish. Soc. 111:465–475. 

Newman, S. J., D. McB. Williams, and G. R. Russ. 
1996. Age validation, growth and mortality rates of the trop

ical snappers (Pisces : Lutjanidae) Lutjanus adetii (Castel
nau, 1873) and L. quinquelineatus (Bloch, 1790) from the 
central Great Barrier Reef, Australia. Mar. Freshwater 
Res. 47:575–584. 

Patterson, W. F., III. 
1999. Aspects of the population ecology of red snapper Lut

janus campechanus in an artificial reef area off Alabama. 
Ph.D. diss., Univ. South Alabama, Mobile, AL, 164 p. 

Render, J. H. 
1995. The life history (age, growth, and reproduction) of red 

snapper (Lutjanus campechanus) and its affinity for oil and 
gas platforms. Ph.D. diss., Louisiana State Univ., Baton 
Rouge, LA, x + 76 p. 

Rivas, L. R. 
1966. Snappers of the western Atlantic. Commer. Fish. 

Rev. 32(1):41–44 . 



664 Fishery Bulletin 99(4) 

Robins, C. R., and G. C. Ray. 
1986. A field guide to Atlantic Coast fishes of North America. 

Houghton Mifflin Company, Boston, MA, 354 p. + 64 pl. 
Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker, 

E. A. Lachner, R. N. Lea, and W. B. Scott. 
1991. Common and scientific names of fishes from the 

United States and Canada, 5th edition. Am. Fish. Soc. 
Spec. Publ. 20, Bethesda, MD, 183 p. 

SAS (Statistical Analysis System). 
1985. SAS user’s guide: statistics, version 5 ed. SAS Insti

tute, Cary, NC, 956 p. 
Smith-Vaniz, W. F., B. B. Collette, and B. E. Luckhurst. 

1999. Fishes of Bermuda: history, zoogeography, annotated 
checklist, and identification keys. Allen Press Inc., Law
rence, KS, 424 p. 

Stanley, D. R., and C. A. Wilson. 
1996. Abundance of fishes associated with a petroleum plat

form as measured with dual-beam hydroacoustics. ICES 
J. Mar. Sci. 53:743–475. 

1998. Spatial variation in fish density at three petroleum 
platforms as measured with dual-beam hydroacoustics. 
Gulf Mexico Sci. 16:73–82. 

Szedlmayer, S. T., and R. L. Shipp. 
1994. Movement and growth of red snapper, Lutjanus 

campechanus, from an artificial reef area in the northeast
ern Gulf of Mexico. Bull. Mar. Sci. 55(2-3):887–896. 

Thompson, B. A., M. Beasley, and C. A. Wilson. 
1998. Age distribution and growth of greater amberjack, 

Seriola dumerili, from the north-central Gulf of Mexico. 
Fish. Bull. 97:362–371. 

Wade, C. W. 
1981. Age and growth of spotted seatrout and red snapper 

in Alabama. Proc. Ann. Conf. S.E. Assoc. Fish & Wildl. 
Agencies 35:345–354. 


	S74_RD22_cover.pdf
	Wilson and Neiland 2001.pdf

