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ABSTRACT

Copepod nauplii were collected from continental shelf waters in 3 regions of the northern Gulf of
Mexico during winters between 1981 and 1984, ofT Cape San Bias, Florida, ofT the Missiasippi River
delta, and ofTofGalveston, Texas. Some statistically significant (P < 0.05) patterns in the abundance
and distribution of nauplii were observed: there was significant interannual variability in naupliar
concentrations within the region around the Miasiasippi River delta; naupliar concentrations in the
upper 10 m decreased in the onshore-offshore direction in 2 of4 comparisons; naupliar concentrations
in the upper 10 m differed regionally in 2 of3 comparisons; and naupliar concentration was correlated
with chlorophyll concentration in 4 of 5 comparisons.

Maximum concentrations of nauplii (number per m3) within a water column were 2-10 times
greater at stations influenced by the Mississippi River plumes than in the other 2 regions. This
condition in attributed to vertical stratification imparted to the water column by the inflowing low
salinity water from the Miasiasippi River. We conclude that the physical stratification provides a
mechanism for the establishment of high concentrations of nauplii that otherwise would not exist in
the winter months on the continental shelf.

Microzooplankton are important diet items for
larval fish (Arthur 1976; Gamble et al. 1981;
Checkley 1982; Govoni et al. 1983; Houde and
Lovdal 1984; Stoecker and Govoni 1984), and gut
analyses indicate that copepod nauplii are fre
quently the dominant prey form found in the lar
vae of many fish species (Duka and Gordina
1973). Available concentrations of micro
zooplankton are considered an important deter
minant of larval survival rates in the ocean be
cause this relationship has been demonstrated in
the laboratory (Laurence 1974; Houde 1978) and
because field studies have demonstrated a rela
tionship between regions or periods of high mi
croplankton and high larval abundance (Arthur
1977; Lasker 1978). Because survival is enhanced
by increased food availability, oceanographic
processes that result in increased concentration
or production of prey items are important.

The gulf menhaden, Brevoortia patronus (Clu
peiformes), supports the largest volume fishery in
the United States m.s. Department ofCommerce
1983). Spawning occurs in the wintertime, from
October to March, in continental shelf waters of
the northern Gulf of Mexcio (Fore 1970; Lewis
and Rothmayr 1981; Warlen 1988), primarily off
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of Mississippi and Alabama to the east of the Mis
sissippi River delta, and off of Louisiana to the
west of the delta. During February and December
1982, concentrations of menhaden larvae in the
region near the Mississippi River delta were
greater in plume waters than outside and were
much higher at the plume front (Govoni and
Hoss3). Furthermore, gut contents of these larvae
indicated that nauplii were the most abundant
prey items.

Much of the continental shelf water of the
northern and western Gulfof Mexico is vertically
unstratified during the winter, and winter is also
the season of minimum primary productivity in
these regions, as it is in shelfwaters of the north
east and southeast United States. However,
coastal waters and nearshore regions influenced
by freshwater inputs can be physically stratified
during winter when low salinity plumes disperse
over higher salinity shelf waters. We postulated
that shelf waters influenced by fresh water from
the Mississippi River plumes would be regions of
increased production and concentration of micro
zooplankton. The purpose ofthis paper is to exam
ine this hypothesis by describing the vertical and
horizontal distribution and abundance of copepod
nauplii in shelf waters of the northern Gulf of

3Govoni and 8088. Unpubl data. Southeast Fisheries Center
Beaufort Laboratory, National Marine Fisheries Service,
NOAA, Beaufort. NC 28516.
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Mexico and by comparing these with oceano- TABLE 1.-Station information. 1981-84.

graphic and hydrographic indicators of water Depth La!. Long.
column stratification and productivity. Station Date Time (m) (N) (W)

1-1 2-13-81 0000 18 29"05' 94"07'
1-2 2-13-81 1200 18 29"06' 94"07'

METHODS 1-3 2-14-81 0001 90 28"04' 93"03'
1-4 2-14-81 1200 90 28"04' 93"03'

Samples were collected during 5 winter cruises 1-5 2-15-81 0000 180 27"54' 92°51'

between November and March, during 1981-84, 1-6 2-15-81 1200 180 25°54' 92"50'
1-7 2-16-81 0001 180 28°34' 89°37'

(Table 1). Microplankton samples and hydro- 1-8 2-17-81 1200 180 28°35' 89°38'
graphic data were collected from 3 general re- 1-9 2-18-81 0001 90 28°50' 89°16'

gions of the northern Gulf of Mexico: off of Galve- 1-10 2-18-81 1200 90 28°50' 89°16'
1-11 2-19-81 0000 18 28°56' 89"29'

ston, TX, in the region of the Mississippi River 1-12 2-19-81 1200 18 28°56' 89°29'

delta, and off of Cape San BIas, FL (Fig. 1). Sam- 1-13 2-20-81 0000 90 29"09' 85°56'
1-14 2-21-81 1200 90 29"08' 85°56'

pIes were not collected from all 3 regions on each 1-15 2-22-81 0000 180 29"28' 86°07'
cruise. 1-16 2-22-81 1200 180 29°28' 86"07'

Water samples for chlorophyll and nutrient 1-17 2-23-81 0001 18 29"36' 85°47'
1-18 2-23-81 1200 18 29°35' 85°47'

analyses were collected with Niskin bottles. For 1-19 2-24-81 0001 18 30°12' 87"05'
each chlorophyll analysis, between 25 and 150 11-1 12-05-82 0700 25 28°53' 89"29'
mL of seawater was filtered onto a GF/F or GF/C 11-2 12-05-82 1255 62 28°53' 89"32'

glass fiber filter and homogenized by grinding in 11-3 12--05-82 1945 33 28°59' 89°34'
11-4 12--06-82 2120 887 28°20' 89°27'

90% aqueous acetone. Fluorescence ofthe filtrate, 11-5 12-07-82 0715 885 28°20' 89"27'

brought up to a volume of 10.0 mL, was deter- 11-6 12-07-82 1220 834 28°19' 89"25'
11-7 12-08-82 1820 443 28"32' 89°53'

mined before and after acidification with 2 drops 11-8 12-()9-82 0830 402 28"34' 89°53'
of 10% HCI using a Turner Designs4 Model 10 11-9 12-09-82 1215 461 28°32' 89°53'

fluorometer. Chlorophyll and pheopigment con- 11-10 12-13-82 1245 44 29°26' 85°53'
11-11 12-15-82 1930 19 28°54' 89"29'

centrations as chlorophyll equivalents were de- 11-12 12-16-82 0900 68 28°51' 89°32'
termined from 111-1 11-19-83 1200 27 28"54' 89°29'

111-2 11-20-83 0800 35 28"47' 89"59'
K(fo - fa) 111-3 11-20-83 1946 732 28"38' 89"00'

chlorophyll (f.Lg/L) = 111-4 11-21-83 0555 27 28°54' 89"30'
V 111-5 11-22-83 1100 48 28°51' 89°30'

111-6 11-23-83 0500 194 28°31' 89"37'

K(Rfa - fa) 111-7 11-24-83 1030 50 28°50' 89"31'

pheopigment (f.LglL) =
111-8 11-25-83 0820 45 28"55' 89"34'

V 111-9 11-25-83 1945 40 28°56' 89"36'
111-10 11-26-83 1200 16 28°54' 89°29'
111-11 11-27-83 0900 9 29°02' 89"30'

where K is the machine calibration constant, fo 111-12 11-28-83 0840 29 28°48' 89°57'

and fa are the fluorescence readings before and 111-13 11-28-83 1250 44 28°56' 89"51'
111-14 11-29-83 0950 24 29"03' 89°39'

after acidification, R is the acid ratio, and V is the 111-15 11-30-83 0930 44 28°47' 89°58'
volume of seawater filtered, in mL (Strickland 111-16 12-01-83 0800 38 28°52' 89"29'

and Parsons 1968). IV-l 3-14-83 53 27"58' 95°53'

Samples for nutrient analyses were frozen. Ni- IV-2 3-19-83 59 28°18' 90°41'

trate and nitrite were analyzed according to V-l 2-21-84 0850 18 28"54' 90025'
V-2 2-22-84 0830 18 28°54' 90025'

method number 353.2 described by EPA publica- V-3 2-23-84 0910 18 28°54' 90025'
tion number EPA 600/4-79-020 (Environmental V-4 3-1-84 0835 18 28°54' 90"25'

Protection Agency 19791. V-5 3-1-84 0830 18 28°54' 90"25'
V-6 3-3-84 0730 18 28°54' 90025'

Temperature and salinity were measured by
several methods. During cruise I, temperature
was measured by the temperature sensor on the
MOCNESS5 net, and salinity was measured with thermographs (Sippican Instruments). Salinity
a refractometer. During cruises II and III, tem- was measured with a YSI Model 33-S-C-T sali-
perature was measured with expendable bathy- nometer on cruise II, and with a Beckman Model

RS5-3 salinometer on cruise III. For both of these
4Reference to trade names does not imply endorsement by the cruises, bottle samples, analyzed in the labora-

National Marine Fisheries Service, NOAA. tory with a Guildline Model 8400A Autosal, were5Multiple opening-closing net and environmental sensing
system. used to check the shipboard salinity measure-
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ments. On cruise IV, a Plessey Model 9040 CTD
was used for both temperature and salinity. On
cruise V, salinity samples were stored in bottles
and analyzed in the laboratory using a Guildline
Model 8400A Autosal, and temperature was
measured with reversing thermometers.

"Microzooplankton Were collected using 5 L
(cruises I, II, and V) or 30 L (cruises III and IV)
Niskin bottles. During cruise I,lL samples of
untreated water were collected from 3 depths and
preserved for later analysis. During subsequent
cruises, samples were collected from up to 8
depths; four liters were poured gently through a
20 IJ.m sieve, backwashed with filtered seawater
into a sample jar, and preserved in a 5% formalin
l'leawater solution. In the laboratory, all organ
isms in each preserved sample were identified
and counted. In selected samples, the length and
width of the first 50 copepod nauplii were mea
sured using an ocular micrometer. In addition,
during cruise I larger nauplii were collected with
0.1 m2 64 IJ.rn mesh nets nested inside the 1 m2

333 IJ.m mesh nets of a MOCNESS net (Wiebe et
al. 1976). Estimates of naupliar abundance from
these collections were used separately in the
analyses for patterns in distribution and abun
dance. Lastly, from cruise I, the total number of
copepods in the shallow-water samples, total
number ofcopepods from the 333 ILm nets, and the
zooplankton displacement volume from the 333
IJ.m nets were analyzed for patterns in distribu
tion and abundance.

RESULTS

Samples from the Mississippi River delta re
gion, collected during 1981 (cruise 1),1982 (cruise
11), and 1983 (cruise III), were compared to deter
mine if there was significant interannual vari
ability within a region. Whole water samples and
samples retained on 20 IJ.m mesh sieves were
pooled for this analysis under the assumption
that nauplii in a whole water sample would be
retained on a 20 IJ.m mesh screen. The 64 IJ.m net
samples were excluded from this analysis. This
test was made using average naupliar concentra
tions in the upper 10 m only; naupliar concentra
tions were typically lower in deeper waters, and
we did not have the same number of deep and
shallow stations for each of the 3 sampling years.
A I-way analysis ofvariance indicated significant
variation between years within the Mississippi
River delta region (P < 0.01), All 3 years were
statistically different. These results indicated to

322

FISHERY BULLETIN: VOL. 86, NO.2

us that regional or other spatial comparisons can
only be made using samples collected during the
same year. Interannual comparisons for other re
gions were not possible.

Samples were collected from all 3 regions dur
ing cruise I. Four tests for regional differences
during this cruise were made. First, regions were
compared based on naupliar concentrations in the
upper 10 m only (Table 2); based on whole water
collections F was significant at P < 0.05 and
based on samples collected with 64 ILm mesh nets
F was significant at P < 0.09. Second, regions
were compared based on naupliar concentrations
from all depths (Table 2); based on whole water
collections F was significant at P < 0.01 and
based on samples collected with 64 IJ.m mesh nets
F was significant at P < 0.22. Thus, whole water
samples collected on cruise I indicated significant
regional differences in naupliar concentration
but samples collected with 64 IJ.m mesh nets did
not. In addition, there were significant regional
differences in the concentrations of total copepods
(J' < 0.01) and in zooplankton displacement vol
ume (P < 0.05) during cruise I (data not shown).
Regional comparisons were not possible during
other cruises because all 3 regions were not sam
pled in years other than 1981.

Where possible, we also tested for onshore
offshore gradients in naupliar concentrations in
the upper 10 m. Stations were categorized accord
ing to bottom depth as shallow, <18 m, interme
diate, 18-90 m, and deep, >90 m, and compari
sons were made between these 3 depth categories.
A highly significant onshore-offshore difference
existed during cruise I for nauplii collected with
the 64 IJ.m MOCNESS nets (Table 3). During
cruise III samples were only collected in the Mis
sissippi River delta region but onshore-offshore
differences within this region were significant
(Table 3). No significant onshore-offshore gradi
ents were observed in naupliar concentrations de
termined from whole water samples collected
from all 3 regions during cruise I, or in nauplii
from only the Mississippi River delta region dur
ing cruise II (Table 3).

Although regional differences in average con
centrations of nauplii were not strong, the verti
cal distributions were different. For example, sev
eral stations at approximately the 50 m isobath
are compared in Figure 2. At station IV-l (Fig.
2a) off the coast of Texas, there was no marked
vertical heterogeneity in naupliar concentra
tions, the maximum concentration was low (23
naupliilL), and the average concentration was
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TABLE 2.-Regional comparisons of naupliar concentrations during
cruise I. Samples were collected by 2 methods: whole water sam
ples were collected with Niskin bollies. and 64 fIom mesh nets were
used to collect the net caught samples.

TABLE 3.-0nshore-offshore comparisons of naupliar concentra
tions from the upper 10 m of each station. Tests for cruise I are
based on naupliar concentrations from all 3 regions pooled then
separated into 3 depth categories. During cruises II and III, nauplii
were only collected from the Mississippi River delta region.

Sample Probability
type n of F

Cruise Depths

upper 10 m
upper 10 m
all depths
all depths

Sample
type

whole water
64 fIom nets
whole water
64 fIom nets

n

28
126
57

222

Probability
of F

<0.05
<0.09
<0.01
<0.22

Cruise

I
I

II
III

Regions

all
all
Mississippi R.
Mississippi R.

whole water
64 fIom nets
20 fIom sieve
20 fIom sieve

28
126
28
49

<0.14
<0.01
<0.25
<0.01
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FIGURE 2.-Naupliar concentrations (number/liter) from selected stations near the 50 m isobath on the Texas .continental
shelf la, station IV-ll, the Louisiana Shelf(b, station IV-2, c. stations II-I, 11-2, 11-3), and the northwest Flonda shelfld,
station 11-10).
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low (11 naupliilL). The same pattern was ob
served off Cape San BIas (Fig. 2d); there was no
marked vertical heterogeneity, and the maxi
mum and average concentrations were low, 14
and 12 naupliilL. In contrast, nauplii at stations
near the 50 m isobath in the region near the Mis
sissippi River delta typically showed marked ver
tical heterogeneity in abundance. At station IV-2
(Fig. 2b), the maximum concentration was 187
naupliilL and the minimum was 24 naupliiIL. At
station II-I, 11-2, and 11-3 in the Mississippi River
delta region (Fig. 2c) naupliar abundances were
also vertically heterogenous, although concentra-

FISHERY BULLETIN: VOL. 86, NO.2

tions were lower than at Station IV-2. In general,
based on all our vertical profiles (most not
shown), regions influenced by the Mississippi
River can contain high concentrations of nauplii
in the surface layer, while subsurface concentra
tions are similar to concentrations in the other 2
regions.

Vertical structure in the distribution of nauplii
appears to be related to physical structure. At the
stations off the coasts of Texas and Florida (Fig.
2a, 2d), temperture and salinity were essentially
vertically homogenous (Fig. 3a, 3d) whereas off
the Mississippi River delta temperature and
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FIGURE 3.-The vertical distribution of temperature (e) and salinity (x) at the stations represented in Figure 2.
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salinity were vertically stratified (Fig. 3b, 3c).
The same pattern was seen in the chlorophyll a
distributions <fig. 4) and the nitrate distributions
(Fig. 5). .

Correspondence between chlorophyll a concen
tration and naupliar abundance was computed;
the correlation coefficient for a linear regression
of chlorophyll concentration on naupliar abun
dance for all 5 cruises (n = 269) was 0.39, signifi
cant at the 1% level. However, analysis of covari
ance showed that the relationship between

chlorophyll and naupliar concentration was sig
nificantly different between cruises, and there
fore the data from the 5 cruises should not be
pooled. Although a significant relationship be
tween chlorophyll concentration and naupliar
concentration typically exists, it is not consistent
from cruise to cruise. Regression parameters and
correlation coefficients for each cruise are shown
in Table 4. Pairwise tests indicate that the slope
of the regression for cruise V was significantly
different from all the others, cruise IV was differ-
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FIGURE 4.-The vertical distribution of chlorophyll a at the stations represented in Figure 2.
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TABLE 4.-Parameters and coefficients for linear regressions of chlorophyll
concentration on nauplius concentration for each cruise. Y = a + b(X) where
Y = naupliar concentration as number per liter, and X = chlorophyll concentra
tion as I'-!l per liter. Significance level tested is 0.01.

Significance
Significance of

Cruise n Intercept Slope 01 slope r2 correlation

I 57 12.9 9.7 <0.01 0.40 <0.01
II 70 5.4 15.4 <0.01 0.53 <0.01

III 80 3.7 9.2 <0.01 0.34 <0.01
IV 20 6.9 39.4 <0.01 0.94 <0.01
V 42 26.1 1.1 NS 0.04 NS

ent from all others, cruise II was different from
all the others, and cruises I and III were not dif
ferent from each other but different from cruises
II, IV, and V. The slopes of all relationships ex
cept cruise V were significantly different from
zero.

The size-frequency distribution of nauplii did
not vary in any systematic manner (Fig. 61. For
example, at station IV-I, the bulk of the nauplii
were between 20 and 100 ,""m at all depths sam
pled during both the daytime and nighttime peri
ods. The size-frequency distribution was essen
tially identical at station IV-2, offLouisiana (data
not shown).

At some stations, copepodid stages <600 ,""m in
length (50-200 ,""m in width) were counted in ad
dition to nauplii because they are potential prey
items for menhaden larvae. Copepodi~s were
usually not as abundant as nauplii, especially at

stations with high naupliar abundances. On occa
sion, they were as abundant or, at specific depths,
more abundant than the nauplii (Table 5). The
ratio of nauplii to copepodites varied widely. be
tween 16.3 and 0.3, so it is not possible to assign
a constant factor to naupliar abundances to esti
mate the increase in available prey attributable
to copepodid stages.

Other microzooplankton were usually not as
abundant as nauplii or copepods. In our samples,
various forms ofeggs reached a maximum density
of 6 eggs/L (cruise III station 6 at 3 m, data not
shown). Pelecypod larvae at one station (111-11)
were abundant, reaching a maximum of 29 lar
vae/L at 4 m, compared with 22 nauplii, 7 cope
podites, and 2 eggsIL in the same sample. Only on
this one occasion were organisms other than cope
podites or nauplii the dominant form of micro
zooplankton.

TABLE 5.-Abundance (number/liter) of other microzooplanklon in addition to nauplii at
selected stations during cruise III.

Cope- Cope-
Depth podids podids Larva-

Station (m) Nauplii <600",m >600",m ceans Eggs Other

111-3 6 17.3 7.5 1.0 7.8 0.5 1.8
9 29.3 12.0 0.5 11.0 a 1.8

12 17.5 8.0 1.0 6.8 1.5 2.3
20 7.8 2.8 a 1.0 2.0 0.5

111-7 a 24.0 6.3 4.0 a 1.0 1.0
3 15.3 12.3 1.0 a 0.3 1.3
5 3.0 5.0 1.0 a 0.8 0.3

13 4.8 5.8 0.3 a a 0.5
22 2.0 1.0 0.3 a a a

111-14 a 15.8 12.0 1.3 a 1.3 2.0
5 44.8 3.8 0.3 0.5 3.0 4.0

10 40.0 6.8 0.8 1.3 4.3 0.3
15 11.5 8.0 3.8 1.0 1.8 0.3
20 12.0 35.0 6.8 0.3 0.3 0.8

111-16 a 15.8 25.3 5.0 a a 12.8
6 8.0 16.0 2.3 a 1.0 2.5
9 30.0 14.0 2.0 a 0.3 2.5

12 29.0 13.3 0.5 a 0.8 1.3
15 17.0 12.5 1.0 a 0.8 0.5
25 31.8 12.8 0.8 a a 5.0
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DISCUSSION

Menhaden larvae between 3 and 20 mm long
collected during wintertime from 3 regions in the
northern Gulf of Mexico contained a variety of
diet items, including dinoflagellates, tintinnids,
copepod eggs, nauplii, copepodids, juvenile pele
cypods, and pteropods (Govoni et al. 1983, 1985).
Dinoflagellates and tintinnids constituted the
main diet items of larvae <5.0 mm long but were
replaced by copepod nauplii, then copepodids and
small adult copepods as larvae grew larger.

In another study, Stoecker and Govoni (1984)
found that copepod nauplii were the dominant
items in the diet of menhaden larvae 7.0-9.0 mm
long, although only 12 fish were examined. Later
studies, however, have verified that nauplii are
the dominant items in the diet of a wide size
range of larval menhaden collected in the
boundary between the plume of the Mississippi
River and oceanic waters (Govoni and Hoss fn. 3)

The maximum width offood items in menhaden
larvae <5 mm long was about 200 IJ-m (Govoni et
al. 1983). This width increased up to about 400
IJ-m for larvae 10 mm long. In another study
(Stoecker and Govoni 1984) maximum prey size
was calculated in a different manner; the average
width of the largest prey type was used. With this
index the estimated maximum width of prey
items was 50 IJ-m for larvae <5 mm long and
about 140 IJ-m for larvae 9-11 mm long. In our
study, most ofthe nauplii were between 40 and 80
IJ-m body width, and most of the copepodites were
between 50 and 200 IJ-m body width. These cope
pod developmental stages were in the size range
of diet items typically found in guts of intermedi
ate size (7-11 mm) larvae of the gulf menhaden
and we believe our samples are reasonably repre
sentative of the prey concentrations available to
these larvae. Other prey items for larvae in this
size range were common only on rare occasions.

The importance of high prey concentrations to
successful feeding and survival of fish larvae has
frequently been noted <Hunter 1981). Concentra
tions required to give high survival in laboratory
experiments are seldom found in. the ocean but
careful attention to culture techniques can result
in reasonably high survival at prey densities that
are close to or overlap the maximum natural con
centrations (Houde 1978). At stations near the·
river delta that are strongly affected by the river
plumes, maximum concentrations ofnauplii were
typically in the range of 20-50 naupliiIL. At sta
tions farther down plume, away from the delta,
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maximum naupliar concentrations were higher,
up to 187 naupliilL at station IV-2 for example. It
is not clear whether this is a seasonal pattern, a
pattern due to the down-plume development of
the food web, or a pattern attributable to some
other factors. However, the concentrations ob
served in waters with salinities lowered by the
river plumes are mostly within the range of 10
100 naupliilL that is frequently reported for
oceanic and coastal waters for microzooplankton,
or the 50-100 naupliiIL range for coastal and es
tuarine areas (see Houde 1978; Hunter 1981 for
summaries). The addition of copepodite stages
and other potential prey items to the naupliar
abundances in this study would increase the esti
mates of available prey somewhat but usually not
more than 20%. At least during the wintertime,
the waters surrounding the Mississippi River
delta do not appear to contain exceptionally high
concentrations of copepod nauplii, compared to
other coastal and estuarine areas.

The vertical distribution of nauplii was fre
quently similar to that of chlorophyll. Regres
sions of naupliar concentration on chlorophyll
concentration were significant for 4 of the 5
cruises although not the same in each case. As
suming chlorophyll is a reasonable indicator of
phytoplankton abundance and thus food abun
dance for nauplii, then nauplii appear to be ag
gregated at the depth of highest food availability.
Year to year variability in the relationship indi
cates that other factors are also important in de
termining the abundance and distribution ofnau
plii. Because eggs released from adult female
copepods would sink out of the surface water be
fore hatching, it is probable that active swimming
by nauplii plays a part in the aggregation process,
perhaps enchanced by physical convergence proc
esses.

In our study we noted that there were interan
nual differences in naupliar concentrations, there
were sometimes significant regional differences,
and there were sometimes significant onshore
offshore differences. Although we anticipated
finding higher concentrations of nauplii in the
region near the Mississippi River delta, this pat
tern was not always observed. This finding might
indicate that there is not an important difference
between the 3 regions as far as larval food
availability is concerned. Alternatively, it might
indicate that there are subregions within the
larger Mississippi River delta region that contain
a food environment for fish larvae that allows for
enhanced survival and growth, but that we failed
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to clearly identify and segregate these regions.
The overall region did not always appear signifi
cantly better than the other regions because only
parts of it are better.

On the continental shelf in the Gulf of Mexico,
as in other shelf regions of the United States, the
typical pattern is for the water to be vertically
well-mixed during the wintertime (Parker 1968).
Autumn cooling breaks down the thermal strati
fication that has existed throughout the summer
and allows the isothermal water column to be
easily mixed. The major exception to this general
pattern in the Gulf of Mexico is the shelf region
influenced by the large volume of freshwater
runoff from the Mississippi River. During this pe
riod, the freshwater influx is of sufficiently large
volume (average flow for December to March in
1975 through 1979 was 17,290 m3/second (U.S.
Army Engineer District, New Orleans Corps of
Engineers, 1980») to physically stratify the shelf
waters hundreds of km downstream from the
delta. We suggest that this salinity-induced strat
ification is a vital component of the recruitment
success of Gulf menhaden because it provides an
environment in which prey aggregations can
occur. It has been suggested that vertical stratifi
cation by other small-scale physical phenomena
(e.g., Langmuir circulation) allows significant
patchiness of prey items to exist (Lasker 1975).
This patchiness provides small regions ofcompar
atively high food concentrations for fish larvae,
and results in improved feeding success. In this
study, copepod nauplii were aggregated vertically
at stations with physical stratification and were
nearly homogenously distributed at stations lack
ing physical stratification. Maximum naupliar
concentrations (no. per m3) at stratified stations
were typically 2-10 times greater than at non
stratified stations.

In conclusion, we believe that the large fresh
water inflow of the Mississippi River during the
wintertime spawning period of the Gulf men
haden contributes to the feeding success and
survival oflarval fish by providing physical strat
ification which in tum results in a vertical strat
ification of phytoplankton and microzooplankton
in layers or patches of relatively high concentra
tions.
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