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BREVOORTIA PATRONUS , IN THE NORTHERN GULF OF MEXICO
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ABSTRACT

Experiments on laboratory-spawned and -reared larval gulf menhaden, Brevoortia patronus, showed
that they formed one otolith growth increment per day and that the increments could be used to
estimate their age. Wild larvae from collections in the northern Gulf of Mexico along three transects
(Cape San Blas, Florida; Southwest Pass, Louisiana; and Galveston, Texas) were aged. Gompertz
growth equations were used to describe the relationship between age and standard length for larvae
collected at various locations, and in different seasons and years. MANOVA tests and subsequent
pairwise tests were used to test for differences among these growth curves. For the most extensive
data set (Southwest Pass, Louisiana), there were significant differences in growth between early
season (December) and late season (February) larvae. Early season larvae grew faster than late
season larvae. Growth of larvae also differed among December collections and among February
collections. The growth model for the pooled data for all wild larvae predicted that they grew from 2.4

mm SL at hatching to 20.4 mm SL at 62 days.

Gulf menhaden, Brevoortia patronus, is the most
abundant commercial finfish in the Gulf of Mex-
ico and, with 883,500 metric tons (t) landed in
1985 (U.S. National Marine Fisheries Service
1986); it constitutes the largest fishery in the
United States. Some aspects of the oceanic early
life history of this clupeid are known and are re-
viewed by Turner (1969), Christmas and Waller
(1975), Lewis and Roithmayr (1981), Govoni et al.
(1983), and Shaw et al. (1985a). However, virtu-
ally nothing is known about the age and growth
of the larvae, much less how these parameters
vary spatially and temporally. Daily growth in-
crements on otoliths of larval fishes can be used
as an indicator of their age, and once the use of
this technique, first described by Pannella (1971,
is validated for the larvae of an individual spe-
cies, their ages can be estimated with confidence
and growth rates can be determined. Intraspecific
growth may be compared for larvae from different
areas and seasons (Lough et al. 1982), and from
this it may be possible to ascertain how biotic and
abiotic environmental variables affect larval
growth and survival. The objectives of this study
are to 1) validate the periodicity of increment for-
mation in otoliths of larval gulf menhaden, 2)
estimate larval growth rates, 3) compare growth
rates of larvae from different locations and times,
4) estimate spawning times, and 5) examine pos-

1Southeast Fisheries Center Beaufort Laboratory, National
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sible relationships between larval growth and
surface water temperature. This work was part of
a larger project designed to investigate the early
life history of several economically important
fishes and the marine planktonic food webs that
support their growth and survival in the northern
Gulf of Mexico.

METHODS

Spawning and Larval Rearing

Adult gulf menhaden were collected near Gulf
Breeze, FL, and transported to the Beaufort Lab-
oratory, Beaufort, NC (Hettler 1983). After a pe-
riod of acclimation, adults were induced to spawn
in the laboratory. The resultant larvae were used
in experiments to validate the periodicity of in-
crement formation on their otoliths and the age at
first increment formation.

Beginning February 1983, several thousand
newly spawned gulf menhaden eggs were trans-
ferred to a tank containing 90 L of filtered sea-
water. The static water in this tank, kept at
20.5° = 0.5°C throughout the experiment, was
continuously aerated and the salinity maintained
at 31 + 1%o.. Photoperiod was 12 hours light:12
hours dark. A food concentration of 25 rotifers
(Brachionus plicatilis) mL~} was maintained. A
green alga, Nanochloris sp., was added periodi-
cally as food for the rotifers and to aid in remov-
ing toxic metabolites. The otoliths of larvae sam-
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pled at 10-, 17-, 24-, and 31-d posthatch were ex-
amined.

In January 1984 additional larvae were reared
to compliment results of the earlier experiment.
Smaller tanks with 60 larvae in 10 L of filtered
water were used. Experimental conditions were
the same as for the first experiment. The otoliths
of larvae sampled at 7-, 14-, and 20-d posthatch
were examined.

Larval Collections

Larval gulf menhaden were collected in the
northern Gulf of Mexico during six cruises of the
RV Oregon II. Sampling stations (Fig. 1) along
transects LA (off Louisiana) and FL (off Florida)
were occupied during 11-19 December 1979, 5—
15 February 1980, and 2—-12 December 1980 and
along transects LA, FL, and TX (off Texas) during
9—-24 February 1981, 2-13 December 1981, and
4-16 February 1982. Transect LA is near the
Mississippi River outflow off Southwest Pass, LA;
transect FL is southwest of Cape San Blas, FL;
and transect TX is located off Galveston Bay, TX.
Sampling stations were in water depths of 18, 91,
and 183 m except off Texas where only the 18 and
91 m depths were sampled.

A multiple opening-closing net and environ-
mental sensing system (MOCNESS) as described
by Wiebe et al. (1976) were the primary sampling
gear used to capture larvae. Additional samples
were taken in oblique tows with a 60 cm bongo
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frame also fitted with 505 um mesh nets. Samples
were collected day and night and were preserved
in 95% ethanol (final concentration =75%) within
5 minutes of collection. The ethanol was changed
in all samples at least once after initial preserva-
tion to prevent dissolution of otoliths in fish from
any samples that may have been inadequately
preserved. Data from larvae collected at all sta-
tions within a transect were combined for that
transect.

Estimating Age and Growth

All gulf menhaden larvae were measured to the
nearest 0.1 mm standard length (SL). The largest
otolith pair (sagittae) was teased from the sur-
rounding tissue, cleaned in distilled water, and
then placed on a glass microslide under a thin
layer of Flo-Texx2 mounting medium.

Otoliths were viewed with a compound micro-
scope fitted with a television camera. Growth in-
crements were counted from otolith images on a
video monitor at magnifications of at least 400x.
An increment appeared as a light, wide incremen-
tal band and a dark, narrow, discontinuous band
(Tanaka et al. 1981). Increments were generally
clearly discernable and easily counted (Fig. 2).
Estimated age was the number of increments
counted plus an empirically derived value for the

2Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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FIGURE 1.—Location of sampling sites from which larval gulf menhaden were collected during cruises of the RV Oregon II in
December 197981 and February 1980-82.
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FIGURE 2.—Photomicrograph of a saggital otolith with 22 increments from a 17.4 mm SL
field collected larval gulf menhaden. Scale bar represents 10 pm. Growth increments
appear as pairs of wide incremental and narrow discontinuous bands.

number of days from spawning to first increment
formation. Results of the laboratory experiments
established the periodicity of otolith increment
formation.

A spawning date was assigned each ageable
larva by using the estimated age of the fish in
days to back-calculate from the date of capture. It
was assumed that there were no differences in
either the age at initial increment deposition or
the otolith increment deposition rate between lo-
cations and seasons and that the rate was not a
function of temperature, food, or photoperiod.

Average growth of larvae was described by the
Laird version (Laird et al. 1965) of the Gompertz
growth equation (Zweifel and Lasker 1976) fitted
to estimated age and size at time of capture for
fish from all cruises and transects. To stabilize
the variance of length over the observed age in-
terval, length data were log-transformed and
model parameters were estimated from the log-
transformed version of the growth equation. The
model was fit to data for each transect within
each cruise and for pooled data from all cruises.

Potential differences in the overall growth
curves among years and between seasons for lar-
vae caught off Louisiana and between years (1981
and 1982) for larvae caught off Louisiana and

Texas were examined by treating the parameters
of the Gompertz equation as dependent variables
in two-way multivariate analysis of variance
(MANOVA) designs. A one-way MANOVA de-
sign was used to test for differences
among transects (LA. FL, TX) within one season
(February 1982). Following significant
MANOVA results, prespecified pairwise
Hotelling’s T2 test comparisons (Bernard 1981, as
modified by Hoenig and Hanumara 1983) were
made using the Bonferroni procedure (Harris
1975) to provide conservative tests of statistical
significance. Bonferroni critical values for these
individual tests were equal to the overall error
rate (significance level = 0.05) divided by the
number of possible comparisons in the particular
MANOVA design. The emphasis in the compari-
sons was to look for overall differences in the
growth of larvae using these statistics as a guide
and not to look for differences in individual
parameters of the growth models.

Hotelling’s T2 test and MANOVA both require
that the data fit a multivariate normal distribu-
tion and that the variance-covariance matrices of
the populations are not different (Harris 1975).
These assumptions are difficult to test and are
almost certainly not valid for real data sets (par-
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ticularly field data), but they may be nearly valid
for many sets of data (Harris 1975). No direct test
of normality in a trivariate. joint probability dis-
tribution is available (Bernard 1981), but bias
arising from nonnormal, multivariate, joint dis-
tributions is minimized with large sample sizes
{Bernard 1981). While methods are available to
test the hypothesis of equal variance-covariance
matrices (e.g., Box’s modification of Bartlett's
test), these methods are very sensitive and even
minor differences between group dispersions will
likely be discovered (Pimentel 1979). In any
event, the use of MANOVA in this paper relies on
variance-covariance matrices estimated from
nonlinear regressions, and these are not
amenable to testing. However, both MANOVA
and Hotelling's tests are extremely robust even
under violation of the assumptions of homo-
scedasticity and multivariate normality (Harris
1975).

RESULTS

Increment Formation

The age of gulf menhaden at formation of the
first otolith growth increment was estimated
from laboratory-reared larvae. The intercept (2.6
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days) of the regression of the number of growth
increments on known posthatch age of 36 larval
gulf menhaden (Fig. 3) was used to estimate
posthatch age at formation of the first increment.
This value was added to the time from spawning
to hatching which at 20°C is 2 days (Powell3).
This sum (4.6 days) is the estimated time from
spawning to formation of the first increment.
Hence, it was necessary to add 5 days to each
increment count to estimate the age of larval gulf
menhaden from spawning.

The periodicity of increment formation was as-
certained from the regression of the number of
growth increments on the known age (Fig. 3). The
slope did not differ significantly (¢-test, P < 0.05)
from 1.0, and thus, on the average, one otolith
growth increment was formed per day in
laboratory-reared larvae up to 31 days after
hatching. Results of a second experiment (Table
1) confirmed this periodicity. The age of gulf men-
haden larvae estimated from otolith increment
counts (+5) closely approximated the known ages
of 51 laboratory-reared larvae. Mean estimated
age of larvae differed by <1 day from the known

3A. B. Powell, Southeast Fisheries Center Beaufort Labora-
tory, National Marine Fisheries Service, NOAA, Beaufort, NC
28516-9722, pers. commun. February 1986.
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TABLE 1.—Standard length (mm) and estimated age (num-
ber of otolith growth increments +5) of laboratory-reared
larval gulf menhaden. Values in parentheses are 95% inter-
val estimates.

Known age Number of Mean estimated

(days) fish age Mean SL
7 13 7.8 (x0.38) 4.7 (+0.28)
14 16 13.2 (=1.14) 6.4 (+0.38)
20 22 19.3 (x0.77) 8.0 (£0.42)

ages and the 95% confidence intervals included
the known age in each of the three groups. Some
of the variation in the number of growth incre-
ments observed in known age larvae (Fig. 3,
Table 1) may have been due to 1) poor growing
conditions during rearing that could have re-
sulted in reduced growth in underfed larvae, 2)
variation in the inception of increment formation
as has been observed in other species (Laroche et
al. 1983; Fives et al. 1986), and 3) faintness of
growth increments in some larvae. In contrast,
increments on otoliths of field collected larvae
(Fig. 2) were usually very regular and distinct
and were more easily observed than those on
otoliths of laboratory-reared larvae. I assumed
that the growth increment deposition rate was
also daily in wild larvae examined in this study.

Age and Growth of Larvae

Average growth of larval gulf menhaden dur-
ing their first two months of life was described by
the Gompertz growth model for pooled length at
age data for 2,003 fish representing collections
from all six RV Oregon II cruises (Table 2, Fig. 4).
Larvae ranged in age from 5 to 62 days (x=24.4
days) and in SL from 3.4 to 28.0 mm (x=12.6
mm). In the log-transformed model, age ac-
counted for 82% of the variation in length. Gulf
menhaden were predicted to have grown from 2.4
mm SL at hatching to 20.4 mm at age 62 days.
The size at hatching estimated from the Gom-
pertz equation was only slightly less than the
hatching size, 2.6-3.0 mm SL, observed in the
laboratory (Hettler 1984). Age-specific growth
rates declined from =7%/day at age 10 days to
<0.4%/day at age 60 days. Maximum absolute
growth rate occurred when gulf menhaden larvae
were 7.9 mm SL and 13 days old.

The asymptotic length of larvae (21.5 mm SL),
determined from the variables of the growth
equation, is approximately the size when larvae
begin to transform into juveniles. This transfor-
mation, described by Lewis et al. (1972) for the

closely related Atlantic menhaden, B. tyrannus,
apparently ends when the fish reach 28-30 mm
SL (Suttkus 1956).

In all instances except one transect (TX Decem-
ber 1981, where there was no convergence in the
parameter values in the computer fitting proce-
dure and the model would not fit the data), the
Gompertz growth model could be used to describe
the growth of gulf menhaden larvae from each
cruise and transect (Figs. 5-7, Table 2). The
growth model for the FL December 1980 larvae
approximates an exponential form because of the
exceptionally low value for a. This may be due to
the preponderance of small, young larvae.

GROWTH COMPARISONS

Louisiana - Seasons and Years

There were statistically significant differences
(MANOVA, P <0.001) in the growth curves for
larvae caught off Louisiana for two seasons (De-
cember, February) and three years (1979-80,
1980-81, 1981-82). To determine if differences ex-
isted between seasons in each year and among
any two years within each season, I selected 9 of
the possible 15 pairwise comparisons for testing.
The Bonferroni critical value in these tests was
0.0033 (0.05/15). The inability to fit a Gompertz
growth model to the TX December 1981 data pre-
cluded a comparison with the larvae collected off
Texas in February 1982,

Pairwise comparisons for within years data for
Louisiana larvae showed significant differences
(P < 0.003) in growth curves between early sea-
son (December) and late season (February) for
each year. Faster growth of early season larvae is
evident if the respective curves (Figs. 5; 6a, c; 7a,
¢) are compared. For any age, the predicted size is
greater for early season than for late season lar-
vae. Only for the third year did the length at age
40+ days of February-caught larvae exceed that
for December-caught larvae.

In similar comparisons for larvae caught off
Louisiana in December of all three years, there
were significant differences (P < 0.003) in the
growth curves (Figs. 5a, 6a, 7a) for any two years.
As judged by the predicted size at any age, larvae
appeared to grow faster in 1979 than in either
1980 or 1981. While the curves for the 1980 and
1981 larvae overlapped, larvae from 1980 were
larger at 30+ days than were the 1981 larvae.
Significant differences were also found among the
curves (Figs. 5b, 6¢, 7¢) for larvae caught in
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TaBLE 2.—Estimates of Gompertz growth model parameters and mean age (days) and mean SL (mm) for
larval gulf menhaden collected in the northern Gulf of Mexico during the winters 1979-80, 1980-81, and
1981-82. R2 is the coefficient of determination for the respective models.

Number Mean

fish Growth model parameters?  agtimated  Mean
Date Transect!  aged R2 Lo Ag a age (d) SL (mm)
Winter 1979-80
Dec. 1979 LA 42 0.863 2768 0.1701  0.0809 28.1 17.4
(1.270) (0.0711) (0.0190)
Feb. 1980 LA 324 0.954 2.131 0.1592 0.0710 30.2 12.7

(0.138) (0.0105) (0.0031)
Winter 1980-81

Dec. 1980 LA 191 0931 2888 0.1125 0.0496 220 11.8
(0.188) (0.0097) (0.0044)

Dec. 1980 FL 80 0.701 3.418  0.0561 0.0001 14.9 79
(0.994) (0.0370) (0.0407)

Feb. 1981 LA 338 0849 2702 0.1159 0.0577 24.6 1.7
(0.231) (0.0120) (0.0049)

Feb. 1981 ™ 223 0526 5839 0.0305 0.0125 215 10.3

{0.579) (0.0088) (0.0110)
Winter 1981-82

Dec. 1981 LA 370 0921 0.384 04780 0.1240 217 13.3
(0.076) (0.0433) (0.0054)

Dec. 1981 X 114 — —3 —3 —3 25.4 11.9

Feb. 1982 LA 191 0.736 0.807 0.2729 0.0851 312 15.5
(0.337) (0.6093) (0.0090)

Feb. 1982 FL 88 0.624 2278 0.1067 0.0394 17.6 8.9
(0.824) (0.0454) (0.0205)

Feb. 1982 X 42 0946 1.798 0.1276  0.0500 225 10.0
(0.392) (0.0340) (0.0142)

All years
All data pooled 2,003 0822 2355 0.1345 0.0608 24.4 12.6

(0.098) (0.0059) (0.0020)

1LA=Mississippi River Delta (Southwest Pass Louisiana); FL=Cape San Blas, FL; TX=Galveston, TX.

2L )=length at hatching, A(,=specific growth rate at hatching, «=exponential decline in A, Values in
parentheses are estimated standard errors from the nonlinear regressions.

3Gompertz growth model did not fit the data.
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Figure 4.

February in three years. Larvae caught in 1980
grew faster than larvae caught in 1981 and
larvae caught in 1982 up to 25 days, thereafter
1980 and 1982 had very similar size at age esti-
mates.

Louisiana vs. Florida vs.
Texas - February 1982

There were no significant differences
(MANOVA, P = (0.212) among the growth curves
for larvae caught in February 1982 off Louisiana,
Texas, and Florida (Figs. 7c, d. e), and hence no
pairwise comparisons were necessary.

Louisiana vs. Texas - February
1981-82

Statistically significant differences (MAN-

OVA, P <0.002) in larval growth were observed
in the LA and TX transects from February 1981—
82. Pairwise comparisons indicated significant
differences (P < 0.008) in the growth of larvae
collected off Texas in 1981 (Fig. 6d) and 1982 (Fig.
7e) and in growth between LA 1981 (Fig. 6¢) and
TX 1981 collections. The earlier pairwise com-
parisons had already shown a significant differ-
ence in growth of larvae from LA February 1981
and February 1982 collections (Fig. 7c), but none
for growth of larvae caught in the LA February
1982 and TX February 1982 collections. Two
other potential tests, between transects of differ-
ent areas and different years, were not considered
to be meaningful.

Larvae caught off Louisiana in February 1981
were larger at age 18+ days than were larvae
caught off Texas in February 1981, and might be
considered to be faster growing fish. There was a
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FIGURE 6.—Growth of larval gulf menhaden collected in the winter 198081 in the northern Gulf of Mexico. The Gompertz growth
model was used to describe the data. Coincident data points are labelled as in Figure 4.

statistical difference in growth of larvae caught
off Texas in February 1981 and 1982, and it ap-
pears that the 1982 larvae grew at a faster rate.
Conclusions from these statistical differences in-
volving TX February 1981 larvae collections
should be viewed with caution because of the rel-
atively poor fit (r2 = 0.526) of the model. Inade-
quacies, such as the lack of larvae <13 or >31
days old, in that data set probably resulted in the
relatively poor parameter estimates (Table 2).
Additional sampling would be necessary to fur-
ther test the hypotheses of differences in growth
between geographic areas in the northern Gulf of
Mexico and between years for Texas larvae.
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Estimated Spawning Times

Gulf menhaden larvae observed in this study
were estimated to have been spawned from mid-
October to mid-February (Fig. 8). The limited ex-
tent of seasonal sampling precluded estimation of
the probable total range of the spawning season.
Most larvae captured in December and February
had been spawned in November and January re-
spectively {Fig. 8). The considerable overlap in
spawning times of larvae caught the same month
in different years is a reflection of the similarity
of sampling dates. The relatively narrow distribu-
tion of spawning dates for larvae caught off Flor-
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ida in both December 1980 (Fig. 6b) and in Febru-
ary 1982 (Fig. 7d), off Louisiana in February 1982
(Fig. 7c), and off Texas in February 1981 (Fig. 6d)
represent larvae from fewer cohorts.

DISCUSSION

Laboratory observations indicate that larval
gulf menhaden on the average form one growth
increment per day on their otoliths and that
counts of these increments can be used to esti-
mate age. Otoliths of larval gulf menhaden are

thin and round, and the increments are generally
easily counted and consequently are ideally
suited for ageing. The most closely spaced incre-
ments, those occurring near the focus, were at
least 1.5 um wide and were above the 0.2 pm
resolution of the light microscope (Campana and
Neilson 1985). First increment formation occurs
about 5 days after spawning and probably coin-
cides with first exogenous feeding. This is sup-
ported by Hettler (1984) who found that gulf men-
haden eggs hatched at about day 1.7 at 19°-20°C.
Four days after hatching larvae had functional
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mouths and were 4.5 mm SL. However, develop-
mental rates are probably temperature depen-
dent (Powell and Phonlor 19861, and hence larvae
at lower temperatures would be older at first feed-
ing.

The Gompertz growth model appears to ade-
quately describe the growth of larval gulf men-
haden in most cases. Except where data are some-
what limited (Figs. 6b, d; 7b, d) the fit of the
model is relatively good and the r2 is >0.73 for
each transect (Table 2). Gompertz growth models
have been used (Zweifel and Lasker 1976; Methot
and Kramer 1979; Laroche et al. 1982; Warlen
and Chester 1985) to describe growth of larval
fishes where the length-age plots are nonlinear
and upper asymptotes were apparent.

Average growth rate of larval gulf menhaden to
day 60 was 0.30 mm/day throughout its oceanic
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existence. This rate was very similar to that, 0.28
mny/day (estimated from figure 2 of Hettler 1984),
for larvae reared in the laboratory at 20° + 2°C
for 60 days. However, wild-caught larvae were
from wider extremes in water temperature, with
mean early season (December) temperatures
from 17.4° to 21.2°C and late season (February)
12.9° to 16.4°C. The growth rate of larval Atlantic
herring, Clupea harengus, up to 50 days old was
similar and varied between 0.23 and 0.30 mm/day
(Lough et al. 1982). However, gulf menhaden lar-
vae grew slower than the fast growing but rela-
tively short-lived engraulids—bay anchovy, An-
choa mitchilli (Fives et al. 1986) and northern
anchovy, Engraulis mordax (Methot and Kramer
1979).

Only a small number of larvae from all the
collections were =50 days old. Larvae of this age
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were either not in the sampling area or were inac-
cessible to the fishing gear used. Although the
latter cannot be fully discounted, the former pos-
sibility is most likely. since larvae as they grow
are known to be transported (Shaw et al. 1985b)
toward estuaries. Larvae are about 15-25 mm SL
testimated from Suttkus 1956) when they enter
estuaries in Louisiana, and the smallest immi-
grating larvae are estimated from the growth
model (Fig. 4) to have been at least 30 days old.
Larvae then are probably 30—70 days old when
they enter Gulf of Mexico estuaries. This range is
very similar to that for Atlantic menhaden, B.
tyrannus, entering North Carolina estuaries (S.
M. Warlen, unpubl. data). The so-called “larval
drift” period for gulf menhaden is probably closer
to 4-10 weeks than the 3-5 weeks surmised by
Reintjes (1970).

Growth of larval gulf menhaden in the north-
ern Gulf of Mexico varied both spatially and tem-
porally. For three consecutive years there were
significant differences in growth for early season
(December) and late season (February) larvae
caught off the Mississippi River Delta. The in-
crease in length for early season larvae was
greater than for larvae hatched in late season.
Environmental conditions in this area differed
between early season and late season. Mean
water temperature measured during the Decem-
ber 1979, 1980, and 1981 cruises were 17.4°, 19.4°,
and 21.2°C, respectively, while in February 1980,
1981, and 1982 the temperatures were 13.8°,
15.7°, and 14.7°C, respectively. Although not
shown experimentally for gulf menhaden larvae,
there is evidence that larvae of some marine
fishes grow faster at higher temperatures (Lau-
rence 1978: Laurence et al. 1981). Jones (1985)
also associated higher water temperatures with
higher growth of larvae and found that increase
in length of Atlantic herring larvae hatched early
in the season was greater than for larvae hatched
late in the season.

Growth rate of larvae caught in the same sea-
son but in different years was inversely related to
mean water temperature. Larvae caught in De-
cember off Louisiana showed a trend of higher
growth (1981 < 1980 < 1979) at lower respective
mean water temperatures (21.2°, 19.4°, 17.4°Cy;
similarly, the growth rates for larvae caught in
February (1981 < 1982 < 1980) was higher at
lower respective mean water temperatures (15.7°,
14.7°, 13.8°C). Other environmental factors in ad-
dition to temperature may also affect the growth
rate of larval menhaden. Food availability that

can be an important growth-limiting factor for
larval fishes, may be determining the relative
growth rates at the lower temperatures in Febru-
ary. On the basis of limited data on the zooplank-
ton (pelecypod larvae, copepod nauplii. cope-
podites, and adult copepods) that could serve as
food for gulf menhaden larvae (Govoni et al.
19833, food availability (number/100 m®) is
highest in February 1980, lower in 1982, and low-
est in 1981. Analogous food abundance data is not
available for the December cruises, but levels
would probably need to be higher on a per fish
basis to support the higher metabolism concomi-
tant with the higher December mean water tem-
peratures (17.4°-21.2°C). The main and interac-
tion effects of growth-limiting {food abundance)
and growth-regulating (temperature) factors on
larval gulf menhaden growth still must be deter-
mined experimentally, preferably using labora-
tory-spawned and -reared larvae. :

The apparent growth advantage enjoyed by
menhaden larvae spawned early in the season
(November) is only typical for a small part of the
population. The largest segment of the popula-
tion, those spawned in the peak months of Janu-
ary and February (Christmas and Waller 1975)
and that immigrated to estuaries in February—
April, typically had slower growth. Although
slower growing, larvae spawned later in the sea-
son may be more successful in reaching estuaries.
Guillory et al. (1983) found a negative relation-
ship between temperature and gulf menhaden re-
cruitment into Louisiana estuaries. The larger
estuarine recruitment later in the season may be
related to winter-early spring (January-April)
predominant west-northwest longshore flow of
coastal water within and just outside the coastal
boundary front producing longshore advective
transport and of lesser importance by episodic,
short-term cross-shelf advection associated with
cold fronts (Shaw et al. 1985b). They hypothesized
that longshore currents facilitated the movement
of larvae toward shore. Only for December did
they note a reverse flow (eastward) that would
not allow larvae to be transported toward estuar-
ies west of the Mississippi delta.

The between transect comparisons of growth
rate of larvae caught off Texas and Louisiana in
February showed a difference in 1981 but not in
1982. Again higher growth rates were associated
with higher mean water temperatures. Larvae
from the LA February 1981 sample (x water tem-
perature = 15.7°C) grew faster than larvae from
the TX February 1981 sample (x water tempera-
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ture = 12.0°C). Where no significant differences
in growth were found, i.e., between LA and TX
February 1982 samples, the respective mean
water temperatures were 14.7° and 14.4°C. Nei-
ther of those growth curves were significantly dif-
ferent from the curve for larvae from the FL
February 1982 sample where the mean water
temperature was 16.4°C. However, the paucity of
larvae >23 days old caught off Florida in Febru-
ary 1982 (Fig. 7d) suggests that comparisons of
that data set with the data sets for larvae caught
off Louisiana and Texas in February 1982 would
be of little value.

The estimated spawning period for gulf men-
haden extended from mid-October to mid-
February (Fig. 8). These results agree with Fore
{1970) and Christmas and Waller {1975} who,
using the occurrence of eggs and larvae, esti-
mated that gulf menhaden spawned from mid-
October through March. Gonad weight-body
weight ratios of adults (Lewis and Roithmayr
1981) and morphological and physiological fea-
tures of ovarian tissue (Combs 1969) also indicate
that spawning extends from October to early
March. Based on the movement of late larvae into
Lake Pontchartrain, Suttkus (1956) presumed
that gulf menhaden spawning began in October
and ceased in February. He suggested that the
beginning and end of the spawning period fluctu-
ates from year to year, and that there is no spawn-
ing activity during the spring and summer
months as Higham and Nicholson (1964) have
reported for the closely related Atlantic men-
haden.

Most larvae caught in December were spawned
in November (Fig. 8) regardless of the year. Lar-
vae caught in February were spawned mostly in
January but estimated spawning dates extended
from mid-December to mid-February. For any
given cruise, larvae from off Texas and Louisiana
were spawned at about the same time. There was
also considerable overlap in the spawning dates
in any cruise off Florida and the other areas. The
distribution of the central 50% of spawning dates
from the Louisiana sample in February 1980 ex-
tended over a 29-d period and was wider than for
any other data set. This unusually wide distribu-
tion may have been due to the presence of two
distinct cohorts, one spawned in late December
and one in late January, collected on the Febru-
ary 1980 cruise. Combs (1969) found that this
species had intermittent total spawning. Lewis
and Roithmayr (1981) inferred that gulf men-
haden were intermittent, or fractional spawners.
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Christmas and Waller (1975) noted a modal tem-
poral distribution of eggs in the region from the
Mississippi delta to east of Cape San Blas. Bal-
dauf! sampled young menhaden in the lower
Neches River, TX, from November through April
and found two incoming populations from which
he suggested that there may have been two
spawning peaks. Only in the larval collections of
December 1981 did spawning date distribution
appear to be bimodal; 7 and 20 November for Lou-
isiana and 8 and 19 November for Texas. Future
sampling throughout the spawning season will be
necessary to determine the seasonal periodicity
and peaks of gulf menhaden spawning. Relative
numbers of larvae in cohorts within the spawning
season could then be compared with measure-
ments of environmental conditions as a test of the
match-mismatch hypothesis (Cushing 1975) and
to further test, as Methot (1983) has done,
whether larvae spawned during favorable envi-
ronmental periods constitute the greatest per-
centage of the year class.
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