Abstract.—Patterns of growth and
mortality were examined for post-
settlement red drum, Sciaenops ocel-
latus, inhabiting seagrass meadows in
the Aransas Estuary, Texas. Age and
growth rates of larvae and early juve-
niles were estimated in 1994 and 1995
by using daily increments in otoliths.
Otolith-derived estimates of age indi-
cated that individuals spend approxi-
mately 20 d in the pelagic environment
before entering demersal habitats (i.e.
before settlement). Instantaneous
growth coefficients (g) of red drum
ranged from 0.049 (4.8%/d) in 1994 to
0.051 (5.0%/d) in 1995. Site-specific dif-
ferences in growth were also examined
and a significant site effect was de-
tected in 1994; however, no site effect
was observed in 1995. Interannual and
cohort-specific (10-d cohorts) mortality
rates were estimated from declines in
log, abundance (abundance-at-age
plots), and results indicated that mor-
tality during the early postsettlement
period was substantial. Instantaneous
mortality coefficients (Z) were similar
between years (0.134 [12.5%/d] in 1994;
0.139 [13.0%/d] in 1995), and no signifi-
cant interannual effect was observed.
Conversely, cohort-specific mortality
rates ranged widely (0.106—-0.265 [10.1—
23.3%/d]) and losses were lowest for
midseason cohorts. Recruitment poten-
tial (G:Z ratio) was highest for mid-
season cohorts (1.30-1.56) and lowest
for early and late-season cohorts (<1).
Although G:Z ratios varied over spatial
and temporal scales, ratios were >1 in
1994 and 1995, suggesting that both
year classes experienced favorable
nursery conditions.
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Survival during the larval and ju-
venile stages of marine fishes is
highly variable and plays a critical
role in determining recruitment
potential (Cushing, 1975; Houde,
1987). Early life survival is a func-
tion of both growth and mortality,
and it is clear that these mecha-
nisms act in concert to determine
an individual’'s probability of sur-
vival (Houde, 1996). Individuals
experiencing rapid growth will
spend less time in vulnerable size
ranges (reduced stage duration) and
achieve a larger body size at a given
age, thus enhancing their ability to
detect and escape predators (Bailey
and Houde, 1989; Fuiman and
Magurran, 1994). Consequently,
recruitment success or failure is
closely linked to variation in growth
and mortality during the early life
stage.

Much of our current understand-
ing of early life growth and mortal-
ity is based on information derived
from the examination of otolith mi-
crostructures. The daily deposition
of growth increments on otoliths has
been demonstrated for many ma-
rine teleosts and provides a means

of estimating age, growth rate, and
hatching date (see reviews by
Campana and Neilson, 1985; Jones,
1986). Moreover, knowledge of a
population’s age structure can be
combined with density data (abun-
dance-at-age relationships) to esti-
mate mortality rates. Thus, funda-
mental demographic parameters
can be obtained through otolith
analysis, and these data are essen-
tial for determining the causes and
consequences of differential survival.

Red drum (Sciaenops ocellatus)
inhabit subtropical and temperate
waters in the Western Atlantic and
support important commercial and
recreational fisheries throughout
the coastal waters of the Gulf of
Mexico (Swingle, 1990; NOAA,
1991). Red drum spawn in the early
fall in offshore waters and areas
near tidal inlets, and tidal currents
transport larvae through passes
and into estuarine nursery habitats
(Holt et al., 1989; Comyns et al.,
1991). Individuals settle into sea-
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grass and marsh-edge habitats following a
fairly short pelagic interval and remain in
these habitats during the juvenile stage (Baltz
et al., 1993; Rooker and Holt, 1997; Rooker et
al., 1998b).

Although much effort has been directed to-

borse

ARANSAS

ward the management of red drum stocks, re-
search on growth and survival during early
life has received limited attention. As a result,
the aim of this study was to examine spatial
and temporal patterns of growth and mortal-
ity during the postsettlement period. Specific
objectives of this research were to estimate
annual variation in growth and mortality, to
estimate cohort- and site-specific mortality
rates, and to determine the recruitment po-
tential of different cohorts.

Materials and methods

Field collections

Red drum were collected from two shoal grass
(Halodule wrightii) meadows in the Aransas
Estuary, Texas (Aransas Bay 1 and 2 [AB1,
ABZ2]; Fig. 1), during the annual settlement

BAY

AB2O

SAN JOSE
ISLAND

GULF
OF

MEXICO

L 27°50'
ARANSAS PASS

MUSTANG
ISLAND

period (August—-December). Collections were
taken over a two-year period (1994-95) with
an epibenthic sled measuring 0.75 (w) x 0.5 (h)
m, equipped with a 505-um mesh conical
plankton net. Triplicate 20-m sled tows were
taken every week at each site in 1994. A more
comprehensive sampling strategy was em-
ployed in 1995 in order to evaluate cohort-specific
variation in natural mortality. Ten 20-m sled tows
were taken every 3—4 d at each site during the en-
tire 1995 settlement season. Red drum larvae and
juveniles were preserved in 70% ethanol immediately
after capture. Environmental data collected at each
site included depth, salinity, and water temperature.

Laboratory procedures

Removal and processing of otoliths (lapilli) followed
the procedures described by Rooker and Holt (1997).
Otolith radius, increment count, and increment
widths were measured on a straight line from the
core to the posterior edge using an image analysis
system (Optimas, Bioscan). Because otolith growth
is allometric (Campana and Neilson, 1985), all mea-
surements were taken in the same field. Daily deposi-
tion of increments was validated in our laboratory by
chemically marking the otoliths of known-age red drum
with alizarin complexone (S.A. Holt, unpubl. data).

97°06'

Figure 1

Location of shoal grass (Halodule wrightii) sampling stations
(AB1 and AB2) in the Aransas Estuary, Texas.

Age was determined by enumerating growth in-
crements from the core to the margin of the otolith.
Inner increments (proximal to the core) on lapilli
were often difficult to enumerate. Thus, in order to
accurately determine the age of wild red drum, a re-
lationship between age and otolith radius from labo-
ratory-reared red drum was developed and used to
predict the number of growth increments at various
distances from the core (Rooker and Holt, 1997). Age
was determined by adding the predicted age from
the unreadable section (correction factor from age-
radius relationship) to the increment count (number
of increments from first identifiable increment to
edge of the lapillus). Correction factors generally
accounted for less than 25% of the actual age esti-
mate, and the relative size of the correction did not
differ between years. Both the left and right lapilli
were examined and estimates of age and growth were
derived by averaging readings from both otoliths. On
average, age differences between otoliths were small
(CV=3.6%: range 0-14%). For some individuals
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(18%), only one of the lapilli was available owing to
loss, breakage, or staining.

Growth rates were determined by using otolith-
derived estimates of age (size-at-age plots) in 1994
(n=249) and 1995 (n=140). Daily instantaneous
growth coefficients were calculated from an exponen-
tial model described as

L, = L%,
where L, = length (mm SL) at time t;
L, = the estimated length at hatching;
g = the instantaneous growth coefficient (/d);
and
t = theotolith-derived age (days after hatching).

Ages of red drum not assessed with otolith-based
techniques (1994 [n=1,057], 1995 [n=8004]) were es-
timated by using age-length relationships.

Weight-specific instantaneous growth coefficients
(G) were calculated by using the equation

W, = We®t,
where W, = the wet weight (mg) at time t;
W, = the estimated weight at hatching;

G = the weight-specific instantaneous
growth coefficient (/d); and
t = the otolith-derived age.

Red drum lengths (mm) were converted to wet weight
(mg) by using a polynomial equation (third order)
based on measurements from laboratory-reared red
drum (range: 6-30 mm): W =—7.745 + 2.1221_ —0.205L 2
+ 0.024L3 (n=200, r?=0.97), where W and L represent
wet weight and standard length, respectively.
Mortality rates were estimated from regressions
of the decline in log,-transformed abundance on age.
Although interannual variation in mortality was
examined by pooling individuals from each year (all
cohorts combined), cohort-specific rates were based
on regression plots of log.-transformed abundance
of individuals from 10-d cohorts determined from
hatching-date analysis. Hatch dates of individual red
drum were determined by subtracting the otolith-
derived age from the date of collection. Hatching
dates were then used to separate individuals into
specific cohorts, defined as individuals hatched
within a 10-d period. Each cohort was designated by
a letter (A to F): 1-10 Sep (A); 11-20 Sep (B); 21-30
Sep (C); 1-10 Oct (D); 11-20 Oct (E); and 21-30 Oct
(F). Densities for the first and last cohort (A, F) were
low and thus mortality regressions were not fitted to
these data. Daily instantaneous mortality rates were
calculated from the exponential model of decline:

N, = Nje™Z,

where N, = abundance at time t;
N, = the estimated abundance at hatching;
z the instantaneous mortality coefficient
(/d); and
t = the otolith-derived age.

Owing to incomplete capture (i.e. ascending limb
of catch curve) of small red drum (<25 d, <8 mm),
these individuals were not included in mortality re-
gressions. Also, size-based gear avoidance was sus-
pected, which placed constraints on the upper age
(or size) of individuals used in regression analysis.
In preliminary trials, the capture efficiency of the
epibenthic sled was compared with a bag seine (seine
dimensions: 7 m length x 1 m height; mesh size:
3 mm) and size-specific differences in capture effi-
ciency (individuals/m? of habitat sampled) between the
two gears were not detected for sciaenids <25 mm
(Rooker, 1997). However, density estimates of sciae-
nids >25 mm were higher with the seine. This sug-
gested that individuals >25 mm are capable of avoid-
ing the sled and that densities calculated for these
individuals would be underestimated. Consequently,
only red drum between 8 and 20 mm (25-40 d) were
used to estimate mortality rates.

Our assessment of early life mortality was based
on two assumptions: 1) individuals entering seagrass
sites remained in these habitats (i.e. settle and stay)
during the time period when mortality rates were
estimated, and 2) immigration and settlement (i.e.
late settlers) to the designated study sites from other
locations or habitats, or both, was negligible. Al-
though postsettlement movement (emigration or
immigration, or both) can be important for certain
species and failure to account for such movements
can severely bias mortality estimates (Frederick,
1997), our assumptions are reasonable because red
drum appear to settle and stay in seagrass meadows
at least through the early juvenile stage (Rooker et
al., 1998b). Furthermore, no salient increases or de-
creases in density were observed in length-frequency
profiles which would be expected in the presence of
postsettlement emigration or immigration activity.

Since total mortality (Z) is the sum of both natural
(M) and fishing mortality (F), it is important to ac-
count for the fishing mortality (F) caused by our sam-
pling (Ricker, 1975). Most studies evaluating early
life mortality do not estimate F (=sampling mortal-
ity) and assume F to be inconsequential. In this study;,
seagrass meadows of limited size (ca. 25,000 m?) were
sampled repeatedly and, as a result, the effect of F
was considered potentially significant. Therefore,
mortality regressions were run on abundance data
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adjusted to compensate for sampling losses (F). Abun-
dance at each sampling time was adjusted by sub-
tracting the number of individuals collected (removed
from population) with the epibenthic sled from the
overall abundance at the site (site abundance = area
of site/area sampled x number of red drum collected).
Regressions of log -adjusted abundance on age were
then run and mortality coefficients derived in this
manner were basically estimates of M since the ef-
fect of F was removed. Consequently, F was deter-
mined by subtracting adjusted mortality rate (M)
from Z. Because F values were relatively small, 2.3
to 6.9% of Z, only estimates of Z are presented.

The relative recruitment potential of individual
cohorts was assessed by examining the ratio of
weight-specific growth (G) to mortality (Z). The ra-
tio is commonly used as an index of stage-specific
survival because it incorporates both growth and
mortality (Werner and Gilliam, 1984; Houde, 1996).
Because cohorts with G:Z ratios >1 gain biomass, the
probability of survival (recruitment potential) for
these individuals is assumed to be high.

Data analysis

Analysis of covariance (ANCOVA) was used to test
for intra- and interannual differences in growth and
mortality (covariate: age). Prior to each ANCOVA
test, a preliminary model (interaction regression) was
tested to determine if the slopes of the regression
lines differed (homogeneity of slopes assumption;
Sokal and Rohlf, 1981). The main significance test
of the ANCOVA (homogeneity of y-intercepts) was
performed when the parallelism of slopes assump-
tion was met. Since differences in abundance affect
the elevation of regression plots used to estimate mor-
tality, spatial and temporal trends in mortality were
evaluated by comparing slopes (y-intercept test not per-
formed). Analysis of variance (ANOVA) was used to
examine variability in density. Estimates of density
were log,-transformed to minimize heteroscedasticity.

Results

Environmental conditions

Water temperature and salinity were recorded daily
from August to December in 1994 and 1995. Tempo-
ral variation in both parameters was pronounced and
trends were similar between years (Fig. 2). Tempera-
ture during the primary settlement period was vari-
able (September—October) and ranged from 23.3° to
30.2°C in 1994 and from 22.7° to 31.6°C in 1995, re-
spectively. Mean temperature during this period was

similar between years 1995 (27.5°C) and 1994
(27.2°C). Salinity ranged from 25.3%. to 37.0%. and
from 25.3%o t0 30.8%0 in 1994 and 1995, respectively.
Similar to temperature, mean salinity was relatively
similar between years: 30.0%. (1994) and 28.6%o
(1995). Peak values for both parameters occurred
during the initial spawning period and declined for
later spawning and settlement dates. Cohorts arriv-
ing early in the season experienced high tempera-
ture and salinity, whereas late-season cohorts were
exposed to lower temperature and salinity (Fig. 2).
No conspicuous differences in temperature or salin-
ity were observed between sampling sites (AB1, AB2).

Catch characteristics

Overall, 1306 and 8144 red drum larvae and early
juveniles (3—40 mm) were collected from the two sam-
pling sites in the Aransas Estuary in 1994 and 1995.
In both years, settlers were first detected in early
September and peak densities of recently settled red
drum (€10 mm) were present in early October (Fig
3). Larger postsettlers (>10 mm) were most abun-
dant from mid-October to early November. Mean
densities of recently settled red drum (<10 mm)
ranged from 0.0 to 1.7/m? in 1994 and from 0.0 to
4.1/m? in 1995; densities of all postsettlement red
drum (<40 mm) ranged from 0.0 to 3.0/m? in 1994
and from 0.0 to 4.2/m? in 1995 (Fig. 3). Maximum
densities (per sled tow) observed in 1994 and 1995
in the Aransas Estuary were 3.4/m?and 11.5/m?, re-
spectively. Interannual variation in postsettlement
density during the two seasons (October—November)
was small: 1.53/m? (1994), 1.63/m? (1995). No sig-
nificant differences in density were detected between
years or sites (ANOVA, P>0.05).

Although collection effort varied between years,
length-frequency distributions of red drum from the
Aransas Estuary were similar (Fig. 4). In both years,
the smallest individuals collected were 3 mm and
large recruits (>30 mm) were collected infrequently.
Catch rates showed a steeply ascending left limb
which peaked at approximately 8—9 mm, suggesting
that recruitment to seagrass meadows was complete
for these individuals. A long descending right limb
characterized catches for individuals >10 mm.

Age and growth

Age-length relationships (age-length keys) were devel-
oped for each year class and described by the following
equations: Age = —17.05 + 42.25 LogSL (1994, n=249,
r’=0.90, CV=8.9); Age =-11.43 + 40.11 LogSL (1995,
n=140, r>=0.90, CV=7.5). Predicted ages of red drum
(3—30 mm) ranged from 6 to 45 d in 1994 and from 10
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Figure 2
Water temperature and salinity records for the Aransas Estuary in 1994
and 1995. Mean temperature and salinity (30-d average) experienced by red
drum cohorts (A—F) are given.

to 48 d in 1995. Individuals from the most abundant
size class (8—-10 mm) were approximately 20-28 d. Age
data were used to determine hatch dates and these data
were used to partition individuals into 10-d cohorts.
Instantaneous growth coefficients (g) ranged from
0.049 (4.8%/d) in 1994 to 0.051 (5.0%/d) in 1995 (Fig. 5)
and differed significantly between years (ANCOVA, y-
intercepts, P<0.001). Instantaneous growth coefficients
were also estimated on a site-specific basis within the
Aransas Estuary (Table 1). In 1994, growth rates at
AB1 were significantly higher than AB2 (ANCOVA,
y-intercepts, P=0.015); however, no site effect was
observed in 1995 (ANCOVA, y-intercepts, P=0.440).
The weight-specific growth coefficients (G) ranged
from 0.159 to 0.162 (14.7-15.0%/d) and from 0.163

to 0.165 (15.0-15.2%/d) in 1994 and 1995, respec-
tively (Table 1).

Mortality

Instantaneous mortality coefficients (Z) ranged from
0.134 (12.5%/d) in 1994 to 0.139 (13.0%/d) in 1995
and no significant interannual effect was observed
(ANCOVA, slopes, P=0.737) (Fig. 6). Stage-specific
mortality rates (cumulative mortality during the
early postsettlement period: 12-d period, ca. 10-20
mm) ranged from 1.668 (81.1%) to 1.608 (79.9%) in
1994 and 1995, respectively. Spatial variation in
mortality was also examined within each year by
estimating mortality rates at the two sites within
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the Aransas Estuary. Site-specific mortality rates in
1994 ranged from 0.129 to 0.141 and no significant
difference was detected between sites (ANCOVA,
slopes, P=0.741); however, in 1995 mortality rates
were significantly lower in AB1 (0.129) than in AB2
(0.193) (ANCOVA, slopes, P=<0.001).

Mean density (no./m?)

Date

Figure 3

Mean density (sites pooled) per sampling trip of postset-
tlement red drum collected from the Aransas Estuary in
1994 and 1995. Two size classes of postsettlement red drum
(210 mm SL, >10 mm SL) are shown.

Table 1
Growth and mortality coefficients of postsettlement red
drum collected from the Aransas Estuary in 1994 and 1995.
The G:Z recruitment index is also shown.

Year Site g G z G:zZ
1994 AB1 0.051 0.159 0.141  1.128
AB2 0.048 0.161 0.129  1.248
All sites 0.049 0.162 0.134  1.209
1995 AB1 0.052 0.165 0.129  1.279
AB2 0.049 0.163 0.193 0.845
All sites 0.051 0.165 0.139  1.187

Cohort-specific mortality rates were estimated for
the 1995 year class (Fig. 7). Instantaneous mortal-
ity coefficients for 10-d cohorts ranged from 0.106
(10.1%/d) to 0.265 (23.3%/d) and a significant tem-
poral trend was detected (ANCOVA, slopes, P=0.004).
Mortality rates were lowest for midseason cohorts
(C, D) and highest for early and late cohorts (B, E),
and individuals from the last cohort (E) experienced
the greatest mortality. Stage-specific mortality rates
(10—20 mm, 12 d) ranged from 1.272 to 1.524 (71.9-
78.2%) for midseason cohorts and 2.316 and 3.180
(90.1-95.8%) for early and late-season cohorts.

G:Z Index

Recruitment potential of different cohorts was evalu-
ated by comparing G:Z ratios and temporal varia-
tion was observed (Fig. 8). The ratio of G:Z was high-
est for mid-season cohorts; 1.305 (cohort C) and 1.565
(cohort D). In contrast, G:Z ratios of early and late-
season cohorts (B, E) were <1, suggesting that these
cohorts were losing biomass. Moreover, annual esti-
mates of G:Z were calculated and ratios were >1 in
both 1994 and 1995. Site-specific variation was also
observed and, apart from site AB2 in 1995, G:Z ra-
tios were always >1 (Table 1).

Discussion

Otolith-derived estimates of age indicate that red
drum enter estuarine seagrass meadows after a short
pelagic interval. Peak densities were observed for
individuals 8-9 mm (20-24 d), suggesting that re-
cruitment to seagrass meadows follows a planktonic
period of approximately 20 d. In support of this find-
ing, studies examining red drum during the plank-
tonic phase have shown that the upper size range of
red drum larvae in pelagic environments is 6-8 mm
(Peters and McMichael, 1987; Comyns et al., 1989;
Holtetal., 1989). In addition, Peters and McMichael
(1987) sampled demersal habitats in Tampa Bay,
Florida, and reported that red drum were first de-
tected at 8 mm. Consequently, red drum appear to
move from pelagic to demersal habitats (i.e. settle-
ment) at approximately 8 mm.

Once in seagrass meadows, length- and weight-
specific growth of red drum increases rapidly with
increasing size (exponential relationships). Length-
specific growth rates of new settlers (20-40 d) in the
Aransas Estuary averaged 0.58 and 0.62 mm/d in
1994 and 1995, respectively. Growth estimates in the
Aransas Estuary are similar to rates reported by
Peters and McMichael (1987) for red drum in Tampa
Bay, Florida (0.58 mm/d). With size-at-age equations
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derived for red drum, we predicted that the length of
a 40-d individual ranged from 20.2 mm (1994) to 18.2
mm (1995), which was similar to the predicted length
of a 40-d individual collected in Tampa Bay (20.5
mm). Although seasonal trends in growth variation
were not examined in this study, Rooker and Holt
(1997) observed considerable variability among co-
horts of newly settled red drum (0.5-0.8 mm/d), and
growth was generally highest for midseason cohorts.

Mortality rates of red drum were substantial and
varied over spatial and temporal scales. Interannual
estimates of mortality were similar and losses ranged
from 12.5 to 13.0%/d (Z=0.13-0.14). Consequently,
cumulative mortality during the settlement and early
postsettlement period (12-d period) was relatively
high; only about 20% of the initial settlers survived
to 40 d. Although no estimates of mortality exist for
red drum larvae and early juveniles, these mortality
rates are comparable to values reported for other
marine fishes during the early life stage. Houde
(1987) reported instantaneous daily mortality coef-
ficients for five species of marine fishes during the
larval stage (first feeding to late-stage larvae) and

Size-at-age relationships of postsettlement
red drum collected from the Aransas Estu-
ary in 1994 (n=249) and 1995 (n=140). Ex-
ponential equations are given.

predicted values ranging from 0.04 to 0.18 (4—16%/d).
In addition, Houde and Zastrow (1993) summarized
natural mortality data for teleost larvae from a vari-
ety of sources and reported that the mean instanta-
neous daily mortality rate of larvae in estuarine habi-
tats was 0.266 (23%/d). Also, McGurk (1986) devel-
oped a general mortality equation for marine fish
larvae (based on dry weight), and using his equation
we predicted the mortality rate of individual red
drum 8-10 mm (ca. 750-1500 pg dry wt) would be
approximately 0.05-0.11 (4.9-10.4%/d).

Although interannual patterns of mortality were
insignificant, variability within a year was relatively
high and a seasonal trend was evident. Cohort-spe-
cific estimates indicated that mortality rates were
lowest for red drum produced in the middle of the
spawning season (10%/d), when densities within the
seagrass meadows reached maximum levels. Con-
versely, mortality rates for early and late-season co-
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Figure 6
Regression plots of Log, abundance on age
of postsettlement red drum collected from
the Aransas Estuary in 1994 and 1995. Re-
gression equations are given.

horts were approximately twofold higher, approach-
ing 25%/d for the late-season cohort. Seasonal fluc-
tuations of this magnitude have been reported in
several studies on marine fish larvae and attributed
to changes in environmental conditions (e.g. tempera-
ture, prey availability) which can directly or indi-
rectly influence mortality (Rutherford and Houde,
1995; Secor and Houde, 1995).

Temperature is often implicated as a critical fac-
tor in recruitment because it has the potential of in-
fluencing growth rates and causing episodic mortal-
ity during early life (Houde and Zastrow, 1993;
Houde, 1996). Temperature has been shown to be a
primary determinant of growth variation in labora-
tory and wild populations of red drum (Holt et al.,
1981; Lee et al., 1984; Rooker et al., 1997). More-
over, Rooker and Holt (1997) determined that sea-
sonal trends in growth variation for red drum were
related to temperature. Mean temperatures experi-
enced by successive cohorts declined throughout the
season; however, growth rates were highest for mid-

season cohorts (20 Septem-
ber—10 October) and lowest

for early and late cohorts.
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Figure 8

Recruitment potential (G:Z ratios) of 10-d cohorts
of postsettlement red drum collected from the
Aransas Estuary in 1995. Interannual estimates
of G:Z are given.

have affected early life survival. Conversely, preda-
tor fields also vary spatially and temporally and sur-
vival may be a function of predator abundance.
Postsettlement red drum are exposed to a suite of
predators in the seagrass meadows and the abun-
dance and distribution of these predators are highly
variable (senior author’s unpubl. data). Rooker et al.
(1998a) examined predation rates on newly settled
red drum in experimental mesocosms and demon-
strated that predators inhabiting these seagrass
meadows, are capable of consuming large numbers
of red drum (Z=2-7%/[h - predator]). Consequently,
fluctuations in prey and predator densities appear
critical to the survival of red drum and the addition
of this information to future studies should enhance
our understanding of early life mortality.

Growth and mortality estimates were combined to
evaluate the relative recruitment potential (G:Z) of
red drum cohorts. According to Houde and Zastrow’s
(1993) review of 188 species, G:Z ratios for marine
fish larvae are generally less than 1.0 (mean
G:Z=0.89) and larvae inhabiting estuarine ecosys-
tems tend to have low G:Z ratios (range: 0.34—0.82).
However, recent work in Chesapeake Bay on striped
bass (Morone saxatilis) has demonstrated that G:Z
ratios can be >1 in estuarine ecosystems (Ruther-
ford and Houde, 1995; Secor and Houde, 1995). Simi-
larly, G:Z ratios for postsettlement red drum in the
Aransas Estuary were >1 in both 1994 and 1995 (1.21
and 1.19, respectively) and, as a result, gross growth
efficiency was positive and the recruitment poten-
tial of 1994 and 1995 year classes appears to have
been favorable.

A high degree of correspondence in G:Z ratios be-
tween years was present, suggesting that conditions
for growth and survival were similar in 1994 and

1995. Although the assessment of physical and bio-
logical conditions was limited (no data on prey avail-
ability or predator fields), parameters measured in
this study (e.g. temperature, salinity, settlement size,
and density) were relatively equal between years. In
contrast, G:Z ratios of 10-d cohorts and the environ-
mental conditions experienced by these individuals
were highly variable within a single season. The G:Z
ratios were highest (1.3-1.6) for midseason cohorts
and settlement densities at these times were at maxi-
mum levels. Thus, it appears that physical and bio-
logical conditions in the seagrass meadows were op-
timal for growth or survival, or for both. The oppo-
site trend was observed for individuals arriving early
and late in the season. Because G:Z ratios of indi-
viduals from these cohorts were low (0.6—-0.9), we
postulated that nursery conditions experienced by
early and late-season cohorts do not favor early life
survival (low recruitment potential).
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