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Habitat use, growth, and mortality of post-settlement lane snapper
(Lutjanus synagris) on natural banks in the northwestern Gulf of Mexico
∗

veston

he no
awl s
lane

eepor
d am
Freep
sity w
dicat
31 Au
at-sp
15.2
nd Fr

l sett
Joseph J. Mikulas Jr., Jay R. Rooker
Department of Marine Biology, Texas A&M University at Galveston, 5007 Avenue U, Gal

a r t i c l e i n f o

Article history:
Received 29 July 2007
Received in revised form 20 February 2008
Accepted 21 February 2008

Keywords:
Lane snapper
Settlement
Growth

a b s t r a c t

Three low-relief banks in t
per (Lutjanus synagris). Tr
offshore mud) to quantify
trawled in 2003 while Fr
sity of lane snapper varie
Bank (1.1 ± 0.4 ind ha−1),
specific differences in den
microstructure analysis in
hatch dates from 1 May to
at Sabine Bank, and habit
lane snapper ranged from
Heald Bank, Sabine Bank, a
to be capable of successfu

1. Introduction
Adult lane snapper (Lutjanus synagris) range from North Carolina
to southeastern Brazil (Allen, 1985). They have been found in tur-
bid, clear, and brackish waters, and occur over artificial and natural
reefs as well as soft bottom habitats (Bortone and Williams, 1986).
Lane snapper are an important component of the recreational and
commercial fisheries in the Caribbean, often accounting for a sig-
nificant fraction of the overall commercial catch in countries such
as Puerto Rico (Matos-Caraballo, 2000) and Cuba (Bustamante et
al., 2000). To a lesser extent, lane snapper are caught in the Gulf
of Mexico (Bortone and Williams, 1986). Despite their commercial
and recreational importance, the early life history of lane snapper is
poorly understood and demographic data are needed to effectively
characterize and protect nursery areas utilized by this species.

Information on post-settlement lane snapper is limited to basic
distribution data from broad-scale surveys (Rooker and Dennis,
1991; Lindeman et al., 1998). These studies indicate that juvenile
lane snapper use a variety of habitats (e.g. seagrass, mangrove prop
roots, shell ridges, soft bottoms), including areas impacted by trawl-
ing activity (Gutherz and Pellegrin, 1988; Franks and VanderKooy,
2000), and thus survival and recruitment success of lane snapper
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rthwestern Gulf of Mexico were evaluated as nursery habitat of lane snap-
urveys were conducted in three habitat types (inshore mud, shell ridge,
snapper distribution and abundance. Heald Bank and Sabine Bank were
t Rocks was trawled in 2000 (Freeport A) and 2004 (Freeport B). Den-
ong banks and years sampled: Sabine Bank (20.8 ± 2.8 ind ha−1), Heald
ort A (12.7 ± 2.3 ind ha−1), and Freeport B (3.0 ± 1.0 ind ha−1). Habitat-
ere observed, although patterns were not consistent among banks. Otolith
ed that post-settlement lane snapper ranged in age from 21 to 66 d, with
gust. Growth rates varied from 0.90 mm d−1 at Heald Bank to 1.27 mm d−1

ecific differences in growth were negligible. Mortality of post-settlement
% d−1 at Sabine Bank to 9.2% d−1 at Freeport A. Our findings indicate that
eeport Rocks all serve as settlement habitat of lane snapper, which appear

lement across a variety of habitats.
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may be reduced due to incidental bycatch from shrimp fisheries
(Workman and Foster, 1994; Gillig et al., 2001). While several stud-
ies have attempted to characterize nursery habitat of other lutjanids
in the Gulf of Mexico (e.g. Gallaway and Cole, 1999; Workman et
al., 2002; Rooker et al., 2004), comparable studies have not been

conducted for lane snapper.

In the northwestern Gulf, relic barrier islands form low-relief
banks (i.e. sand-shell ridges) that are prominent features on the
inner continental shelf, and along with associated non-structured
(i.e. mud bottom) habitats, these areas serve as post-settlement
habitat of lutjanids (Rooker et al., 2004; Wells, 2007). While habitat
complexity (i.e. refuge) typically reduces predation-mediated mor-
tality (Hixon and Beets, 1993), the relative importance of habitats
on these natural banks is still undetermined for post-settlement
lane snapper. Here, we evaluate the importance of banks and asso-
ciated habitats in the northwestern Gulf of Mexico as nurseries of
lane snapper. Estimates of density, growth, mortality, and recruit-
ment potential were determined for post-settlement lane snapper
collected from different banks and habitats (e.g. shell ridge, mud
bottom).

2. Materials and methods

2.1. Field work

The study area included three natural banks in the Gulf of
Mexico: Heald Bank, Sabine Bank, and Freeport Rocks (Fig. 1).
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Mexic
Fig. 1. Study area in the northwestern Gulf of

Heald Bank is located southwest of the Texas/Louisiana border,
approximately 71 km southwest of Sabine Pass, Texas, and is ori-
ented from northeast to southwest. The study area of Heald Bank
was approximately 20 km2 and ranged in depth from 9 to 14 m.
Sabine Bank is located south of the Texas/Louisiana border, approxi-
mately 39 km south of Sabine Pass, Texas, and is oriented northeast
to southwest. The study area of Sabine Bank was approximately
27 km2 and ranged in depth from 8 to 11 m. Freeport Rocks is
approximately 22 km south of Freeport, Texas, and is oriented
northeast to southwest. The area of Freeport Rocks covered in this
study was approximately 80 km2 and ranged in depth from 13 to
24 m.

Habitat maps were developed using an Edge Tech 272-TD
dual frequency digital side-scan sonar, coupled with CODA data
interpretation software. Habitats were delineated by reflectivity
(density) of bottom sediments from side-scan sonar mosaics. Inter-
preted side-scan sonar images, along with bathymetric data of the
banks, allowed us to choose trawl sites representative of different
bottom types. The side-scan unit was towed at five knots, swath
width was 200 m (100 m on either side). Ponar grab samples were

also collected to ground truth bottom types. Sediment samples
were oven dried in a tin and treated with HCl to determine the
amount of carbonate in the sediment.

Trawl sites were chosen within each habitat type (inshore mud,
shell ridge, offshore mud) based on imagery from side-scan sonar
mosaics. Twelve trawl sites were chosen for Heald Bank, with 4
inshore, 4 ridge, and 4 offshore sites. Eighteen trawl sites were
chosen for Sabine Bank, with 6 inshore, 6 ridge, and 6 offshore.
Both Heald Bank and Sabine Bank were sampled in 2003. Freeport
Rocks was sampled in two different years, 2000 and 2004. Here-
after, Freeport Rocks 2000 and Freeport Rocks 2004 will be referred
to as Freeport A and Freeport B, respectively. Eighteen sites were
chosen for Freeport A (6 inshore, 6 ridge, and 6 offshore), while 24
sites were chosen for Freeport B (6 inshore, 12 ridge, and 6 offshore).
Post-settlement snapper were collected in bottom trawls from June
through September to cover the anticipated recruitment period of
lane snapper (Mikulas, 2007) in the Gulf of Mexico. We sampled
each bank over a 2-d period every 2–4 weeks. Trawl locations were
recorded with GPS and tow direction was against prevailing sur-
face currents. Trawling speed was 2.5 knots and lasted for 5 min for
surveys conducted in 2003 and 2004; 10 min trawls were taken dur-
o. Approximate depth contours are in meters.

ing the earlier 2000 survey. A 6-m otter trawl, equipped with 2 cm
mesh, a 1.25 cm mesh liner, and a 0.6 cm link tickler chain spread
by 45 cm × 90 cm doors, was used to collect lane snapper. All lane
snapper were immediately placed in a freezer for future process-
ing. Temperature, salinity, and dissolved oxygen were recorded on
the bottom of each bank with a Hydrolab Scout. All shells collected
in each trawl were weighed to the nearest 0.1 kg.

2.2. Laboratory work

Prior to otolith extraction, standard length (SL) of each lane
snapper was measured to the nearest 0.1 mm. Blotted weight was
measured to the nearest 0.01 g. Sagittal otoliths were removed,
cleaned, and processed based upon protocol described by Rooker
et al. (2004). One sagitta was randomly selected, embedded, and
sectioned along a transverse plane, adjacent to the core. Sections
were polished and examined through transmitted light on an Olym-
pus BX41 compound microscope. Image Pro Plus 4.5 image analysis
software was employed to aid in counting growth increments. Daily
growth increments were counted along the sulcus from the core to

the otolith edge.

Ages were based upon the average of two counts for each otolith.
In the event of a mean difference of counts greater than 10%, a
third count was taken and used for age estimates. To complete
hatch–date distributions and age–frequency plots, ages were also
predicted for individuals with unreadable otoliths, and for individu-
als not included in age determination. Of the 420 otoliths prepared,
292 (70%) were included in analyses. Fish greater than 60 mm SL
were considered beyond the scope of the post-settlement period,
and therefore were not included in age-based results.

Daily increment formation was validated by marking otoliths
of lane snapper with alizarin complexone following Thomas et al.
(1995). Wild lane snapper were captured from Freeport Rocks in
August of 2005, held in a circular tank for 6 d, dipped in 100 mg L−1

alizarin complexone for 2 h, and sacrificed 5, 10, and 15 d later.
Otoliths were removed, processed, and analyzed for the number
of growth increments after the alizarin complexone mark, which
confirmed that increments were deposited daily.

Daily growth rates were estimated by regressing standard length
on predicted age. Samples were restricted to lane snapper ≤60 mm
SL. Instantaneous mortality rates were calculated using a log-linear
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regression equation of loge abundance on age:

Nt = N0 e−Zt

where Nt represents the abundance at time t (age in days), N0
represents abundance at time of hatching, and Z represents the
instantaneous mortality coefficient. Our assessment of Z was based
on the premise that lane snapper remained in settlement habitats
during the time period mortality was estimated, and immigration
and settlement from other habitats was negligible. To minimize
the effect of dispersive behaviors (immigration, emigration) and
size-based gear avoidance, mortality rates were only estimated over
short (10 d) time intervals (Rooker and Holt, 1997).

2.3. Data analysis

All statistical analyses were performed using SPSS 13.0, and sig-
nificance was accepted at ˛ = 0.05 level. Percent carbonate and shell
weight were analyzed across habitats, with a one-way analysis of
variance (ANOVA). Two-factor ANOVA was performed for all envi-
ronmental parameters (temperature, salinity and DO), with date
as a blocking factor. Two-factor ANOVA was also performed with
density as a dependent variable, and habitat and date as inde-
pendent variables. Many trawl sites and dates contained values
of zero, so data were Ln + 1 transformed prior to analysis. Analy-
sis of covariance (ANCOVA) was employed to determine the effects
of date and habitat on length, age, growth, and mortality. Addi-
tionally, mortalities based on abundance decline over age were
compared with ANCOVA for Sabine Bank only. The assumption of
normality was tested with a Kilmogorov–Smirnov test, while the
assumption of homogenous variances was examined with Levene’s
test and residual analysis. Post hoc differences among factor levels
(˛ = 0.05) were examined with Tukey’s honestly significant differ-
ence (HSD) test when variances were equal, and with a Dunnett’s
T-3 test when variances were unequal (Zar, 1996). Since banks
were sampled in different years, statistical testing of life history
parameters was restricted to within bank (i.e. habitat, date) com-
parisons.

3. Results

3.1. Environmental conditions

During the primary settlement period (July–August), water tem-
peratures increased at all banks (Fig. 2). Mean water temperature

was lowest for offshore mud habitat at all banks except Sabine.
Temperature differences among habitats were relatively small (i.e.
within +1 ◦C); however, a significant effect was detected at one
bank, Freeport B, where temperatures were lower in the offshore
mud habitat (Fig. 2). Similarly, salinity varied little among habitats
at each bank but a significant effect was observed for Freeport B
with salinity being higher in the offshore mud habitat (Fig. 2). Dis-
solved oxygen values were significantly higher in the offshore mud
habitats at Sabine Bank and Freeport A.

Shell material collected and carbonate sedimentary facies
(expressed as kg ha−1 trawled and % CO3, respectively) were also
assessed on all banks. Shell material in trawls varied signifi-
cantly among habitats at each location, with the majority of the
shell collected in trawls over shell ridge habitat: Heald Bank
(33.3 ± 7.8 kg ha−1), Sabine Bank (18.5 ± 3.5 kg ha−1), Freeport A
(86.4 ± 23.7 kg ha−1), and Freeport B (16.2 ± 3.1 kg ha−1) (P < 0.001
for all banks). In some cases, the inshore and offshore mud habi-
tats had shell material, which were orders of magnitude less than
that of the shell ridge habitat. Similarly, percent carbonate values
in sediment samples were also highest on the shell ridge habitat at
the two banks examined.
Fig. 2. Environmental conditions (±1 S.E.) on natural banks in the northwestern Gulf
of Mexico: Heald Bank and Sabine Bank (2003), Freeport A (2000), and Freeport B
(2004). Habitats are designated as inshore mud (�), shell ridge ( ), and offshore
mud (�). Factor levels with the same letters are not significantly different, based
upon a posteriori comparisons, ˛ = 0.05.

3.2. Abundance and distribution

Overall, 813 post-settlement lane snapper were collected,
with mean densities from 20.8 ± 2.8 ind ha−1 at Sabine Bank

−1
to 1.1 ± 0. ind ha at Heald Bank (Fig. 3). Densities varied as
a function of both date and habitat at Sabine Bank (date
P = 0.018, habitat P = 0.020) and Freeport A (date P = 0.002, habi-
tat P = 0.031). Densities peaked during the 4 August sampling
trip on Sabine Bank (37.9 ± 10.5 ind ha−1), and numbers were
significantly higher on the shell ridge (26.5 ± 6.9 ind ha−1) and
offshore mud habitats (25.5 ± 3.4 ind ha−1), relative to inshore
mud habitat (10.3 ± 2.8 ind ha−1). On Freeport A, peak densities
were significantly higher during the 5 July (17.8 ± 6.2 ind ha−1)
and 17 July (18.6 ± 5.6 ind ha−1) sampling trips, and numbers
were significantly higher inshore (17.6 ± 4.9 ind ha−1) than off-
shore (5.2 ± 1.7 ind ha−1). Densities peaked during the 1 August
(4.0 ± 1.1 ind ha−1) and 1 September (6.2 ± 4.4 ind ha−1) sampling
trips on Freeport B, but no significant difference in date (P = 0.148,
power = 0.515) or habitat (habitat P = 0.528, power = 0.155) was
detected.

3.3. Size

Mean length of post-settlement lane snapper increased over
the sampling season at all banks, and size varied by habitat. Lane
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Fig. 3. Mean densities (±1 S.E.) of post-settlement lane snapper collected in trawls
on Heald Bank (2003), Sabine Bank (2003), Freeport A (2000) and Freeport B (2004).
Habitats are designated as inshore mud (�), shell ridge ( ), and offshore mud (�).

snapper at Freeport A and Freeport B (44.2 ± 1.2 and 43.1 ± 4.3 mm,
respectively) were larger than lane snapper from either Heald Bank
(28.0 ± 3.6 mm) or Sabine Bank (36.2 ± 1.0 mm). Still, the mini-
mum length of new settlers present on each bank was relatively
similar with individuals <19 mm collected on all banks: Heald
Bank (16.9 mm), Sabine Bank (15.1 mm), Freeport A (15.9 mm), and

Freeport B (18.1 mm) (Fig. 4). Date was identified as a factor sig-
nificantly affecting mean length of lane snapper on Freeport A
and Freeport B (ANCOVA, intercepts test, P < 0.001 and P = 0.034,
respectively), with length doubling from July to August at Freeport
A (28.2–74.7) and Freeport B (25.8–62.9). In addition to date,
mean length of post-settlement lane snapper varied as a func-
tion of habitat. Individuals found on the shell ridge habitat were
significantly larger than those on the inshore or offshore mud
habitats of Freeport A and Freeport B (ANCOVA, intercepts test,
P < 0.001 and ANCOVA, intercepts test, P = 0.018, respectively).
Similarly, the mean length of lane snapper at Sabine Bank was
higher on the shell ridge habitat (37.3 ± 1.8 mm) than either the
inshore (33.0 ± 1.8 mm) or offshore (36.4 ± 1.5 mm) mud habi-
tats.

3.4. Age and growth

Age of post-settlement lane snapper ranged from 21 to 66 d,
and individuals <29 d old were collected from all banks (Fig. 5).
The majority of lane snapper were 25–40 d (peak at 27–28 d) for
Heald Bank, Sabine Bank, and Freeport A. At Freeport B, most
Fig. 4. Length–frequency distributions of post-settlement lane snapper from Heald
Bank and Sabine Bank (2003), Freeport A (2000), and Freeport B (2004). Twelve out
of the 813 individuals collected (1.5%) were ≥100 mm SL and not included.

individuals were greater than 40 d (peak at 42 d). The oldest indi-
viduals were collected during trawl surveys at the end of the
season at Heald Bank, Sabine Bank, and Freeport A; however,
no temporal effect on age was detected at Freeport B (ANCOVA,
intercepts test, P = 0.069, power = 0.446). A significant interaction
between date and habitat on age was observed for Sabine Bank
(ANCOVA, slopes test, P = 0.021) and Freeport A (ANCOVA, slopes

test, P = 0.008). The mean age of lane snapper on the shell ridge
habitat at both Freeport A and Freeport B was approximately
5–10 d older than observed for the inshore and offshore mud habi-
tats.

Hatch dates of lane snapper ranged from early May to late August
across all banks, and both bimodal and unimodal hatch–date dis-
tributions were observed (Fig. 6). While catch numbers were too
low on Heald Bank to show any clear pattern, the majority of hatch
dates were from July. The hatch–date distribution at Sabine Bank
was bimodal, with peaks in early June and mid July. In contrast,
Freeport A had a unimodal hatch–date distribution, with a single
peak in early June. The majority of lane snapper from Freeport B
(78%) were from June and July spawning events.

Growth rates were similar among Heald Bank (0.9 mm d−1),
Sabine Bank (1. 3 mm d−1), Freeport A (1.1 mm d−1), and Freeport B
(0.9 mm d−1) (Fig. 7). Using hatch–date distributions, two distinct
cohorts (1 May to 21 June and 23 June to 31 July) were identified
for Sabine Bank. Cohort-specific variation in growth was detected,
with the early season rate (1.0 mm d−1) being significantly lower
than the later season rate (1.4 mm d−1) at Sabine Bank (ANCOVA,
slopes, P = 0.048). Habitat-specific growth was also investigated at
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Fig. 5. Age-frequency distributions of post-settlement lane snapper (≤60 mm SL)
from Heald Bank and Sabine Bank (2003), Freeport A (2000), and Freeport B (2004).

Sabine Bank and no effect was detected (ANCOVA, slopes P = 0.126,
power = 0.427).

3.5. Mortality

Daily instantaneous mortality coefficients (Z d−1) were esti-
mated for lane snapper over 10-d intervals at Sabine Bank and
Freeport A (Fig. 8). Overall, Z estimates were higher on Sabine Bank

(Z = 0.165) than Freeport A (Z = 0.097) over similar age intervals
(27–36 d and 26–35 d, respectively). Mortality rates of early season
(Z = 0.162) and late season (0.155) cohorts were similar (ANCOVA,
slopes test, P = 0.894, power = 0.018), thus cohorts were pooled for
estimates of habitat-specific mortality at Sabine Bank. Significant
differences in instantaneous mortality were detected between the
ridge (Z = 0.275) and offshore mud (Z = 0.111) habitats (ANCOVA,
slopes test, P = 0.021) at Sabine Bank.

4. Discussion

Post-settlement lane snapper were observed on banks from
June through September, with peak densities occurring from July
to August. Similar to other marine teleosts, spawning seasons of
lane snapper (Luckhurst et al., 2000) and other lutjanids (Allman
and Grimes, 2002; Denit and Sponagule, 2004) are often restricted
to specific seasons. Thus, intra-annual variability in settlement
density observed in the present study is not surprising. Inter-
annual variation in settlement of lane snapper was also observed
at Freeport Rocks and this is relatively common among lutjanids
(Rooker et al., 2004). Observed differences in settlement time
Fig. 6. Hatch–date distributions of post-settlement lane snapper (≤60 mm SL) from
Heald Bank and Sabine Bank (2003), Freeport A (2000), and Freeport B (2004).

between years may be attributed to variation in abiotic or biotic
conditions such as temperature (Lankford and Targett, 2001), prey
availability (Cowan and Shaw, 2002), and predation mortality
(Webster, 2002).

Densities of post-settlement lane snapper were variable across
habitats, and patterns were not consistent across banks surveyed.
Still, catch numbers of lane snapper in this region of the Gulf were

high relative to estimates of post-settlement densities reported by
Thayer et al. (1999) in Florida Bay (FL), suggesting natural banks in
the NW Gulf may serve as important nursery habitat. In our study,
significantly higher densities of post-settlement lane snapper were
found on Sabine Bank’s ridge and offshore habitats. Conversely, lane
snapper densities at Freeport A were significantly higher on the
inshore habitat than the offshore habitat. This inconsistency of lut-
janid density by habitat was also observed by Rooker et al. (2004)
where post-settlement red snapper were found across all habitats
and peak densities occurred on different habitats in different years.
Although this congener has been shown to settle to structured
habitat (Szedlmayer and Conti, 1999), it appears that young red
snapper settle on both structured (shell ridge), and unstructured
(inshore and offshore mud) habitats, and tend to move to structured
habitats with increasing size (Szedlmayer and Lee, 2004; Wells
and Cowan, 2007). Mean sizes of lane snapper within banks were
greater on the ridge habitat in three of four surveys (Sabine Bank,
Freeport A and Freeport B), suggesting larger individuals select for,
or move to structured habitat. However, lane snapper do not appear
to favor shell ridge habitats over mud bottoms during the early
post-settlement period, and this finding has been reported for other
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Fig. 7. Size-at-age relationships by bank for post-settlement lane snapper (≤60 mm
SL) from Heald Bank and Sabine Bank (2003), Freeport A (2000), and Freeport B
(2004). Linear regression plots and equations included. Growth rate based on slope
of regression equation.

lutjanids (Rooker et al., 2004; Szedlmayer and Lee, 2004). Ontoge-
netic shifts to more structured habitats by red snapper have been
attributed to increased size (Patterson et al., 2005) and possibly
occur for lane snapper as well.

Estimated hatch dates (May–August) observed here were sim-

ilar to reported spawning times (approximately 20–24 h prior to
hatch, Borrero et al., 1978) of lane snapper in Bermuda, which range
from May through early September, with peaks in June–August
(Luckhurst et al., 2000). In warmer waters of the Caribbean, lane
snapper are perennial (Acosta and Appeldoorn, 1992), and pro-
longed spawners (Manickchand-Dass, 1987; Aiken, 2001). Still,
times of peak spawning in many of these regions fall within
the range observed for lane snapper reported in this study. Peak
spawning in Puerto Rico and Jamaica occurred in May (Acosta
and Appeldoorn, 1992), and July–August (Aiken, 2001), respec-
tively. In contrast, peak spawning in Trinidad occurs earlier (March)
than reported in other studies (Manickchand-Dass, 1987). Although
perennial spawning is not expected in the northwestern Gulf of
Mexico, protracted spawning is possible.

Growth rates observed for lane snapper in this study were
comparable to studies on congeners from the Gulf of Mex-
ico. To date, previous assessments of growth for lane snapper
have focused on larger (>150 mm FL) individuals (Acosta and
Appeldoorn, 1992; Johnson et al., 1995; Luckhurst et al., 2000;
Aiken, 2001). Thus, otolith-based estimates of growth determined
here for post-settlers serve as the baseline for future studies. In
Fig. 8. Linear regression of Ln (abundance +1) on age of post-settlement lane snap-
per from Sabine Bank (2003) and Freeport Rocks A (2000). Age range is from 27
to 36 d for Sabine and from 26 to 35 d for Freeport A. Linear regression plots and
equations included.

general, growth rates of post-settlement lane snapper ranged from
0.9 to 1.3 mm d−1, and these values are in the upper range of rates
reported for post-settlement red snapper (Szedlmayer and Conti,
1999; Rooker et al., 2004; Geary et al., 2007) and gray snapper
(Allman and Grimes, 2002; Denit and Sponagule, 2004) in the Gulf
of Mexico.

Spatial and temporal variation in growth is not uncommon
during early life for lutjanids (Allman and Grimes, 2002) as well
as other fishes in the Gulf of Mexico (e.g. DeVries and Grimes,
1997; Rooker et al., 1999). Cohort-specific variation in growth was
observed in the present study, with early season settlers grow-
ing at a slower rate (1.0 mm d−1) than individuals arriving later
in the season (1.4 mm d−1). Cohort-specific differences in growth
have been attributed to a variety of factors, including tempera-

ture (Taylor and Able, 2006), salinity (Secor et al., 2000), food
availability (Cowan and Shaw, 2002; Katersky et al., 2006) and
predation mortality (Rilling and Houde, 1999; Taylor and Able,
2006). Slower growth observed for the early season cohort of
lane snapper is possibly linked to temperature, since the early
cohort experienced water temperatures 1–2 ◦C lower. No signif-
icant differences in growth were detected among habitats, and
the lack of significant habitat-specific differences in growth of
lane snapper suggests that environmental conditions were rela-
tively consistent across the three habitats. Temperature, typically
the primary physical factor affecting growth (Jones, 2002), did
not vary significantly among habitats, and salinity and dissolved
oxygen levels were higher than the minimum thresholds for
other lutjanids (Gallaway and Cole, 1999), lending support to this
premise.

Mortality of post-settlement lane snapper on Sabine Bank
(15.2% d−1) was almost double that of Freeport A (9.2% d−1).
Although no previous mortality estimates of post-settlement lane
snapper exist, rates observed in this study were comparable to
mortality rates for other species. Rooker et al. (2004) reported
a mortality rate of 0.129 (12.1%) for post-settlement red snapper
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(47–57 d) from the same site. In addition, mortality coefficients,
both higher and lower than those observed in this study, have
been estimated from other lutjanids: 0.19–0.29 for larval vermillion
snapper (Rhomboplites aurorubens) (Comyns et al., 2003), 0.04–0.28
for juvenile yellowtail snapper (Ocyurus chrysurus) (Watson et
al., 2002) and 0.14–0.43 for juvenile gray snapper (Allman and
Grimes, 2002). Early life mortality is often linked to water qual-
ity (Sponagule and Grorud-Colvert, 2006), and density-dependent
processes, such as predation mortality (Holbrook and Schmitt,
2002), starvation (Leggett and DeBlois, 1994; Sogard, 1997), and dis-
ease (Houde, 2002). Although it is difficult to determine the exact
cause of observed differences in mortality between the two banks
examined, both density and mortality of lane snapper were lower
on Freeport A, possibly indicating that density-dependent factors
could be involved.
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