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ABSTRACT: The diets of larval gulf menhaden Brevoortia patronus, spot Leiostomus x d n t h u ~ s ,  and 
Atlantic croaker Micropogonias undulatus, collected in the northern Gulf of Mexico in December 1979, 
February and December 1980, and February 1981, were significantly (P<0.001) different when 
compared with respect to length by step-wise discriminant analysis, and there was little overlap when 
the diets of size-specific larvae that CO-occurred in discrete collections were compared by percent- 
similarity. Gulf menhaden larvae had a more diverse diet that included phytoplankters (diatoms and 
dinoflagellates) as well as zooplankters (tintinnids, pelecypods, pteropods, and all stages of copepods). 
The diets of larval spot and Atlantic croaker were largely restricted to zooplankton. Overall diet 
distinctiveness, the lack of diet overlap, and the lack of small-scale CO-occurrence indicate that the 
larvae of these three species do not compete for food. 

INTRODUCTION 

Diets of the pelagic larvae of marine fishes have 
been studied extensively since Hjort (1914) broached 
the critical period hypothesis that linked population 
recruitment with larval feeding success (May, 1974). In 
general, larval fishes eat all life stages of copepods 
(Hunter, 1981). Some exceptions are larvae that eat 
other plankters in addition to copepods: e.g. clupeoid 
larvae that eat centric diatoms and dinoflagellates, 
pleuronectid larvae that eat appendicularians, and 
some percoid larvae that eat mollusc larvae and tintin- 
nids (see reviews in Arthur, 1976; Hunter, 1981). Most 
studies have been descriptive, and while several have 
compared the diets among species cohabiting the same 
water mass (e.g. Arthur, 1976; Last, 1978), few have 
compared diets rigorously (e.g. Coates-Markle, 1982; 
Laroche, 1982). 

Inasmuch as many larval marine fishes are raptorial 
planktivores that occupy a common habitat (the upper 
mixed layer over continental shelves), they may corn- 

' Contribution No. 83-343, National Marine Fisheries Ser- 
vice. Southeast Fisheries Center 

O Inter-Research/Printed in F. R. Germany 

pete for the same foods (Cushing, 1975; Laurence et al., 
1981). Gulf menhaden Brevoortia patronus, spot Leios- 
tomus xanthurus, and Atlantic croaker Micropogonias 
undulatus spawn during winter over the continental 
shelf of the northern Gulf of Mexico where their 
pelagic larvae remain and feed until entering 
estuarine nursery areas to transform into juveniles. 
These larvae, however, contrast in form, from the elon- 
gate body and straight gut of gulf menhaden (a 
clupeoid) to the compact, fusiform bodies and looped 
guts of spot and Atlantic croaker (percoids). As part of a 
study to define the food webs that support the growth 
of these larval fishes, we herein describe and compare 
their diets and assess interspecific feeding competi- 
tion. 

MATERIALS AND METHODS 

Larvae were collected at 9 stations in the northern 
Gulf of Mexico (Fig. 1) during December and February 
from 1979 to 1981. Three stations, positioned approxi- 
mately at the 5.5, 27, and 55 m isobaths, were located 
on each of 3 transects. At each station, larvae were 
collected at 0600, 1200, 1800, and 2400 h local time 
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Fig. 1. Stations and transects where larval gulf menhaden 
Brevoortia patronus, spot Leiostomus xanthurus, and Atlantic 
croaker Maopogonias  undulatus were collected in the north- 

ern Gulf of Mexico 

with a multiple opening/closing net and environmen- 
tal sensing systerr? - MOCNFSS' (Wiebe et al., 1976) - 
fished for 2 to 3 min at 3 depths: within or just above 
the thermocline, in the middle of the upper-mixed 
layer, and in the surface water. Collections were hori- 
zontally and vertically discrete; the depth at which a 
MOCNESS net fished was held constant by adjusting 
ship speed and tow-wire deployment while each net, 
monitored by flowmeter counts, was allowed to strain 
= 140 m3 of water. The MOCNESS was equipped with 
1.0 by 1.4 m, 505 km mesh nitex' nets with 0.25 by 
0.35 m, 67 pm mesh nets nested within. Collections 
were preserved in 5 % formaldehyde buffered with 
sodium borate (pH > 8.0). 

All larvae of the 3 species collected in both the large 
and small MOCNESS nets were measured (notochord 
length before and standard length after the formation 
of hypural elements) and dissected, except when the 
total number of a species in a sample exceeded 30. For 
those collections, 30 larvae were randomly chosen 
from a numbered grid by consulting a table of random 
numbers. 

Diet organisms were excised from the mid- and 
hindgut (sensu Iwai, 1969), measured (long and short 
axis), identified to the lowest possible taxon, and 
counted. Because copepods and copepodites were 
often disarticulated, the long and short axis of the head 
segment was measured. Food width (short axis) is more 
important than food length to larval fish feeding 
because it limits the ingestion of food (Hunter, 1981). 

Diets of the 3 species were described by the percent 
frequency of occurrence (% F) of a diet item, classified 
by taxon or category, among larvae with food in their 
guts and by the percent of the total number (% N) of 
diet organisms (Wallace, 1981). The relative impor- 
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tance of each diet item was indexed by the product of 
% F and % N (Laroche, 1982). 

Diets were compared by 2 methods, step-wise discri- 
minant analysis (e.g. Carnes and Slade, 1982) and 
percent similarly (e.g. Schoener, 1970). Discriminant 
analysis compared diets by size classes of all larvae 
collected by assessing the significance of overall diet 
distinctiveness and by identifying the taxa or 
categories that contributed most to this distinctiveness 
(numbers of diet items in individual larvae were trans- 
formed to the log [X + l]). Percent similarity among 
diets compared the overlap of diet items of larvae that 

Tlme of Day 
(h - CST) 

Larvae 4 5 -00  mm 
0 Larvae 5.0 1 to 10.00 mm 

Larvae 10 0 1  to 15.00 m m  
Larvae 15 0 1  to 20.00 mm 

Fig. 2. Die1 feeding incidence of Brevoortia patranus. Leio- 
stornus xanthurus, and Micropogonias undulatus collected in 
the northern Gulf of Mexico. Tlme of sunrise and sunset was 

approximated for winter at 30" N, 90" W 
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CO-occurred in discrete collections and that fell within 
a range of 5 mm in length. Because some (see review in 
Schoener, 1982) have implicated diet overlap with 
interspecific feeding competition, especially when 
animals CO-occur, the CO-occurrence of gulf menhaden, 
spot, and Atlantic croaker larvae was assessed with 
Fager's index of affinity (Fager, 1957; Fager and 
McGowan, 1963). 

RESULTS 

Diet descriptions 

The larvae of all 3 species showed a similar, die1 
feeding pattern, with most feeding occurring in the 
daytime (Fig. 2). The percentage of larvae with food in 
their guts was highest at sunset. It had declined only 
slightly by midnight, but had dropped sharply by sun- 
rise. Feeding was not limited to daylight, however, 
inasmuch as some larvae contained food at 0600 h. The 
percentage of larvae with food did not increase consist- 
ently as larvae grew. 

Although larval gulf menhaden, spot, and Atlantic 
croaker ate a wide variety of organisms, certain diet 
items clearly dominated (Table 1). Gulf menhaden 
larvae ate both phyto- and zooplankton and thereby 
had a more diverse diet than spot and Atlantic croaker 
larvae, which consumed only zooplankton. The diet of 
gulf menhaden larvae comprised the dinoflagellate 
Borocentnun spp., juvenile pelecypods, copepod nau- 
plii, copepodites and adults, invertebrate eggs, and 
tintinnids, along with chyme. Chyme was composed of 
a greenish coherent mass that conformed in shape to 
the convolutions of the gut wall. Scanning electron 
microscopy of selected samples of chyme revealed 
either amorphous, unidentifiable material or centric 

and pennate diatom fragments and thecae of the dino- 
flagellate Prorocentrum spp. Spot and Atlantic croaker 
larvae ate larger percentages of copepodites and adult 
copepods. Copepod nauplii and the pteropod Limacina 
trochiformis were prominent in larval spot diets, 
whereas invertebrate eggs accounted for larger per- 
centages of larval Atlantic croaker's diet. (Counts of 
invertebrate eggs may be biased because some eggs 
were encountered with adults of the cyclopoid 
copepod Oithona and thus may have been eaten as a 
clutch along with brooding females; calanoid 
copepods release eggs singularly after extrusion). 

Trophic ontogeny, changes in diet with growth, 
occurred in all 3 species and was most obvious in gulf 
menhaden (Fig. 3). Dinoflagellates and tintinnids con- 
stituted the main diet of gulf menhaden 5 5.00 mm in 
length, but became less important as menhaden l m a e  
grew longer, being replaced first by copepod nauplii 
followed by copepodites and adult copepods. The 
observed trophic ontogeny corresponded with a gen- 
eral increase in the width of diet organisms (Fig. 4). 
Greatest overlap in the width of diet organisms occur- 
red in the smallest larvae of all three species. Although 
overlap continued as larvae grew, the ranges in food 
widths diverged. 

Diet comparisons 

The overall diets of all 3 species differed signifi- 
cantly in numbers of Limacina trochiformis, Prorocen- 
trum spp., calanoid and cyclopoid copepods, ostracods, 
tintinnids (Favella sp, and Tintinnopsis sp.), and cen- 
tric diatoms (Table 2). In separating diets, discriminant 
analysis derived two discriminating functions. The first 
separated the dlet of larval gulf menhaden from the 
combined diet of larval spot and Atlantic croaker, and 
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Fig. 3. Dominant diet items of larval Bre- C O D L S G + P ~ S  " n o  

voortia patronus, Leiostomus xanthurus, C W ~ D O ~  
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and Micropogonias undulatus par- 
titioned by 5 mm length intervals. Per- 0 100 
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Table 1. Checklist of diet items by taxon or category eaten by larval gulf menhaden Brevoortja patronus, spot Leiostomus 
xanthurus, and Atlantic croaker Micropogonzas undulatus in the northern Gulf of Mexico. Percent frequency of occurrence (%F) 
of a dlet item among larvae with food in their guts and percent of the total number (%N) of diet item were multiplied, and the 

product (FX N) was taken as an index of relative importance 

Brevoortia patronus Leiostomus xanth urus Micropogonias undulatus Diet items 
% F  % N  F X N  % F  % N  FXN % F  % N  FXN 

Chlorophytaa 1.54 0.72 1.11 
Centric diatomsa 0.38 0.10 0.04 

Coscinodiscus spp. 2.12 1.14 2.42 
Pennate diatomsa 0.19 0.05 0.01 
Dinoflagellatesa 0.19 0.05 0.01 

horocentrum spp. 15.38 15.05 231.47 
Dinophysis spp. 2.02 0.34 0.69 
Dinophysis caudatum 0.38 0.10 0.04 1.01 0.67 0.68 
Peridinium vernustum 0.19 0.05 0.01 

Tintinnidsa 1.15 0.36 0.42 0.71 0.31 0.22 
Tintinnopsis sp. 0.19 0.05 0.01 0.71 0.10 0.07 
Stenosemella sp. 0.71 0.51 0.36 1.01 0.34 0.34 
Codonellopsis sp. 0.71 0.20 0.14 
Favella sp. 5.38 2.74 14.74 
Petalotricha sp. 0.19 0.05 0.01 
Dictyocysta sp. 0.71 0.10 0.07 0.71 0.iO 0.07 

Rotifersa 0.71 0.10 0.07 
Pteropods 

Limacina trochifonnis 0.77 0.31 0.24 43.57 33.03 1439.12 2.02 0.34 0.69 
Pelecypods (juveniles) 6.15 35.54 218.57 35.00 12.88 450.80 18.18 8.77 159.44 
Cladocerans 

Evadne sp. 0.71 0.10 0.07 
Ostracodsa 10.19 0.05 0.51 10.00 2.66 26.60 1.01 0.17 0.17 
Copepod fragments 10.77 7.35 79.16 27.86 7.16 199.48 33.33 14.00 466.62 
Copepod naupliia 7.88 6.93 54.61 25.00 6.34 158.50 9.09 2.53 23.00 
Copepodites & adultsa 3.46 2.17 7.51 15.00 7.06 105.90 14.14 8.77 124.01 
C a l a n ~ i d s " , ~  1.73 1.09 1.89 5.71 2.66 15.19 34.34 15.18 512.28 

Eucalanus ~ p . ~  0.38 0.31 0.12 1.01 0.17 0.17 
Undinula ~ p . ~  0.7 1 0.20 0.14 
Paracalanus ~ p p . ~  0.58 0.16 0.09 0.71 0.20 0.14 1.01 0.51 0.52 
P. crassirostn'sb 1.43 2.15 3.07 8.08 3.20 25.86 
P. quasimodd) 0.38 0.36 0.14 0.71 0.10 0.07 3.03 0.84 2.54 
P. indicusb 0.19 0.10 0.02 
Temora ~ p p . ~  0.19 0.05 0.01 2.02 0.67 1.35 
T. turbinatab 0.7 1 0.20 0.14 3.03 2.02 6.12 
T. styliferab 1.01 0.17 0.17 
Labidocera aestivab 0.71 0.10 0.07 
Acartia tonsab 1.92 0.83 1.59 1.43 0.41 0.59 5.05 1.18 5.96 

H a r p a c t i c ~ i d s ~ , ~  0.19 0.05 0.01 0.71 0.31 0.22 4.04 0.84 3.39 
Miuosetella ~ p . ~  0.19 0.05 0.01 4.29 0.82 3.51 1-01 0.17 0.17 
Euterpina acutifronsb 1.01 0.34 0.34 

C y c l o p ~ i d s ~ , ~  0.19 0.05 0.01 2.14 0.82 1.76 3.03 0.67 2.03 
Oithona ~ p p . ~  0.77 0.31 0.24 1.43 0.20 0.29 10.10 2.70 27.27 
Saphirella ~ p p . ~  2.02 0.34 0.69 
Oncaea sp.b 1.35 0.52 0.70 36.43 14.21 517.67 19.19 5.90 113.22 
Lubbockia ~ p . ~  0.38 0.16 0.06 
Corycaeus ~ p p . ~  1.43 0.20 0.29 2.02 0.34 0.69 
C. amazonicusb 0.19 0.05 0.01 1.43 0.31 0.44 

Barnacle Naupliia 0.38 0.10 0.04 3.03 0.51 1.54 
Barnacle cyprisa 0.19 0.05 0.01 
Crab zoeaa 0.71 0.10 0.07 
Decapodsd 0.38 0.10 0.04 
Chaetognathsd 2.02 0.51 1.03 
Particlesd 3.65 1.45 5.29 1.01 0.17 0.17 
Invertebrate eggsc 8.27 4.29 35.48 7.86 5.83 45.65 12.12 25.46 308.58 
Chyme 63.46 17.07 1083.26 
Unidentifiable animal 

remains 4.29 0.61 2.62 10.10 2.19 22.12 

a Unidentified 
Including both copepodites and adults 

c Mostly copepod eggs, although those of other invertebrates may have been included 
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Table 2. Major discriminating diet items of all larval Brevoor- 
tia patronus, Leiostomus xanthurus, and Micropogonias 

500 undulatus collected in the northern Gulf of Mexico. Analyses 
of variance are univariate for diet items and multivanate for 

group centroids 
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Fig. 4. Range of diet in width of diet organisms related to 
length of larval Brevoortia patronus, Leiostomus xanth urus, 
and Mcropogonias undulatus collected in the northern Gulf 

of Mexico 

the second separated the diets of larval spot and Atlan- 
tic croaker from each other. The relative contribution 
of a diet item to the discriminating power of the func- 
tion is indicated by the absolute value of its discrimi- 
nant function coefficient. L. trochiformis, Prorocentrum 
spp., and cyclopoid copepods were the most significant 
items in distinguishing larval gulf menhaden diets 
from those of spot and Atlantic croaker; gulf menhaden 
ate significantly more dinoflagellates and fewer 
pteropods and cyclopoid copepods than did spot and 

Fig. 5. Plot of discriminant analy- 
sis scores for 2 discriminant func- 
tions that distinguished the diet of 
larval Brevoortia patron us, Leio- 
stomus xanthurus, and Micro- 
pogonjas undulatus 5 5 mm in 
length that were collected in the 
northern Gulf of Mexico. Lines 
separate discriminant group 'ter- 
ritories'; stars: group centroids 
(the mean of discriminant scores 
for each species); numbers within 
symbols: number of coinciding 

scores 

D ~ e l  ilem Analysis of variance Srandardlzed discriminant 
lunction coefflclenls 

F P Functlon l Function 2 

Lima cin a 83.19 <0.001 0.71 0.42 
trochiformis 

Prorocentrum 46.72 <0.001 -0.42 0.29 
Cyclopoid 44.12 <0.001 0.56 -0.07 

copepods 
Calanoid 37.25 <0.001 0.10 -0.68 

copepods 
Ostracods 13.47 <0.001 0.26 0.13 
Favella and 13.24 CO.001 -0.16 0.14 

Tintinnopsis 
Centric diatoms 5.14 <0.010 -0.10 0.07 
Harpacticoids 4.76 <0.010 0.04 -0.14 
Copepod nauplii 2.80 <0.100 -0.24 0.26 

Group centroids 26.17 <0.001 (d.f. 18,834) 

croaker. Calanoid copepods and L. trochiformis were 
the most significant items in the diets of larval spot and 
Atlantic croaker; spot larvae ate significantly more 
pteropods, whereas Atlantic croaker larvae ate more 
calanoid copepods. 

Differences were more pronounced when diets were 
compared with respect to the length of larvae and were 
most striking among larvae 5 5  mm (Fig. 5 ;  Table 3). 
Gulf menhaden larvae ate significantly more horocen- 
trum spp. and tintinnids (Favella sp. and Tintinnopsis 

Canonical Discriminant Function 1 
Dinotlagellates S Tintinnida m - Cyclopoid Copepods (L Pleropods 

-8 -7 -6 - 5  - 4  -3 - 2  -1 0 +l +2 +3 - 4  + 5  +6 c 7  
r 1 1 1 1 1 , " , 1 1 ~  

Larvae 5 5mm 

+ Group Centroid 

0 Gulf Menhaden 
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Table 3. Major discriminating diet items of larval Brevoortia Table 4. Major discriminating diet items of larval Brevoortia 
patron us, Leiostom us xanthurus, and Micropogonias patronus, Leiostomus xanthurus, and Micropogonias 
undulatus, 551131x1 in length that were collected in the north- undulatus between 5.01 and 10.00mm in length that were 
ern Gulf of Mexico. Analyses of variance are univariate for collected in the northern Gulf of Mexico. Analyses of variance 

diet items and multivariate for group centroids are univariate for diet items and multivariate for group cen- 
troids 

I I 

Diet i t e m  Analysis of variance Standardized discrimnant 
function coeff~nents 

F P F u r n o n  l Function 2 

Prorocentnun 221.80 CO.001 0.83 0.05 
Limacina 42.67 t0.001 -0.34 0.60 

trochifom~s 
Calanoid 41.38 CO.001 -0.23 -0.73 

copepods 
Favella and 25.14 CO.001 0.43 0.02 

Tin tinnopsis 
Cyclopoid 25.08 tO.001 -0.36 0.08 

copepods 
Pelecypods 14.64 cO.001 -0.28 -0.15 
Centric diatoms 7.47 t0.001 0.16 0.01 
Ostracods 7.27 CO.001 0.04 0.32 

Group centroids 44.20 C0.001 (d.f. 16,468) 

sp.) than spot or Atlantic croaker; in fact, Prorocentrum 
spp. and Favella sp, were eaten only by gulf menhaden 
larvae (Table 1). The number of calanoid copepods and 
Limacina trochiformis separated spot and Atlantic 
croaker larvae; spot ate more pteropods than Atlantic 
croaker larvae, which ate more calanoid copepods than 
spot. The typical diet of gulf menhaden larvae 1 5  mm 
was the most distinct, as indicated by the distance 
between group centroids (Fig. 5). The typical diets of 
spot and Atlantic croaker larvae were more alike inas- 
much as their group centroids were closer and there 
was more intermingling of discriminant scores. The 
distance between centroids also indicated that the diet 
of spot and gulf menhaden larvae are more similar 
than the diet of gulf menhaden and Atlantic croaker 
larvae. As larvae grew, their diets became more simi- 
lar, yet diets remained significantly different (Tables 4 
and 5). Group centroids converged and there was a 
greater intermingling of discriminant scores (Fig. 6). 
The number of calanoid copepods eaten, however, 
remained an important discriminating variable. 

Diet comparisons of larvae that CO-occurred in dis- 
crete collections also indicated diet distinctiveness 
among the 3 species (Fig. 7). Many similarity percen- 
tages, used here as indices of diet overlap, were < 1 
and most were < 50. The greatest diet overlap occurred 
in comparisons of spot and Atlantic croaker larvae. 

Two-way comparisons of the frequency of co-occur- 
rence of gulf menhaden, spot, and Atlantic croaker 
larvae (Table 6) did not indicate affinity among the 3 
species. The index of affinity for larval gulf menhaden 
and Atlantic croaker was 48, indicating that they 
occurred together in less than half of their observed 

Diet items Analysis of variance Standardned discriminant 
function coeff~cients 

F P Function l Function 2 

Calanoid 16.45 t0.001 0.80 -0.37 
copepods 

Cyclopoid 11.67 tO.OO1 0.60 0.33 
copepods 

Lima cina 8.64 tO.OO1 0.53 0.49 
trochifoimis 

Harpacticoid 4.82 C0.050 0.33 -0.13 
copepods 

Copepod nauplii 3.52 t0.050 -0.26 0.40 
Ostracods 2.20 >0.100 0.31 0.19 
horocen trum 1.88 >0.100 -0.17 0.34 
Invertebrate 0.84 >0.:00 -0.44 -0.12 

eggs 

Group centroids 6.87 tO.OO1 (d.f. 16,166) 

Table 5. Major discriminating diet items of larval Brevoortia 
patron us, Leiostom us xanth urus, and Micropogonias 
undulahrs, >10.00 mm that were collected in the northern 
Gulf of Mexico. Analyses of variance are univariate for diet 

items and multivariate for group centroids 

Diet items Analysis of variance Standardized disaiminant 
funcuon coeffioents 

F P Funmon l Funclion 2 

Calanoid 18.56 tO.001 0.87 -0.33 
copepods 

Ostracods 6.77 CO.010 -0.41 -0.86 
Invertebrate 4.32 C0.050 0.16 -0.74 

eggs 
Harpaticoid 2.86 <0.100 -0.33 0.52 

copepods 
Limacina 0.19 >0.100 -0.32 0.11 

trochifonnis 

Group centroids 6.14 <0.001 (d.f. 10,168) 

Table 6. Two-way analyses of CO-occurrence of Brevoortia 
patron us, Leiostomus xanthurus, and Mcropogonias 
undulatus larvae collected in the northern Gulf of Mexico. An 

index of affinity >OS0 indicates affinity 

Observed Expected 

Species palm 
frequency frequency Index 

of m- of CO- of affinity 
occwrence occurrence 

B. patronus XL. xanthums 37 35 0.42 
B. patronusXM. undulatus 41 35 0.48 
L. xanthurus xM. undulatus 22 24 0.39 
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Fig. 6. Plot of discriminant analy- 
sis scores for 2 discriminant func- 
tions that distinguished the diets 
of larval Brevoortia patronus, 
Leiostomus xan thurus, and Mcro-  
pogonias undulatus between 5.01 
and 10.00 mm in length that were 
collected in the northern Gulf of 
Mexico. Lines separate discrimin- 
ant group 'territories'; stars: group 
centroids (mean of discriminant 
scores for each species); numbers 
within symbols: number of coin- 

ciding scores 

Canonical Discriminant Function 1 

Copepods 8 Pteropods W 

4 Invertebrate Eggs 

+.l Larvae  5.01 to 10.00mm 'I + Group c e n t r o d  

Gulf Menhaden 

occurrences. An index > 50 should be found if species 
are frequent members of each others habitat (Fager 
and McGowan, 1963). In fact, the 3 species CO-occurred 
in only 19 of 226 collections that contained any of the 
three species. 

Seasonal, annual, and regional differences in diet 

Gulf menhaden larvae best illustrated seasonal and 
annual differences in diets (Fig. 8). In general, larval 
menhaden ate a more diverse diet in February than in 
December. Diets comprised mainly copepodites, adult 
copepods, and chyme in December; and dinoflagel- 
lates, diatoms, tintinnids, juvenile pelecypods, and 
copepods in February. Juvenile pelecypods were more 
prevalent in the diet of larval gulf menhaden in the 
winter of 1980-81 than in 1979-80. 

The difference in the % F of copepods eaten exem- 
plifies regional differences in diets (Table 7). While 
certain copepods (mainly Oncaea sp. and Paracalanus 
spp.) prevailed in the diets of larvae along all 3 tran- 
sects, a greater diversity of copepods, including typi- 
cally estuarine and/or coastal copepods (Eucalanus sp., 
Paracalanus spp., Temora spp., La bidocera aestiva, 
Acartia tonsa, Oithona spp., and Corycaeus spp.), were 
included in the diets of all 3 species off of the Missis- 
sippi Delta. Undinula sp. and Lubbockia sp., typically 
oceanic copepods, were eaten exclusively off Galves- 
ton Bay. 

o December 1979  

February 1 9 8 0  
o December 1 9 8 0  

n n February 1981  

Fig. 7. Percent similarity (diet overlap) among larval Brevoor- 
tia patronus, Leiostomus xanthurus, and Micropogonias 
undulatus that CO-occurred in discrete collections in the 

northern Gulf of Mexico 

DISCUSSION 

Plankton tow duration (Hay, 1981), larval gut mor- 
phology (Arthur, 1976), and larval feeding behavior 
(Rosenthal, 1969), influence the amount and retention 
of gut contents in larval fishes. The percentages of gulf 
menhaden, spot, and Atlantic croaker larvae with food 
in their guts (Fig. 2) were markedly higher throughout 
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December 

N = 13(5) 

Copepodites 
and adult 

February 

l Olatoms 
, Copepod~tes  and 

adult copepods ] , 1 ,  1 - 1  Chyme b T l " t I n , i d s  
.''-lnvertebrate eggs 

---Chyme 
0 

/ Copepod~tes 
' adult copepods 

Cooeood nauDl11 

Copepodites 

1979 

loo N-29(9) N= 157(62) 

adult copepods 
1980 

0 

N= 69(59) Io0l C;,pepodile; and 
adult copepods 

Chyme 
lnverlebrate 

, 

Larvae 

5.0 1 to 10.00 mm 

Larvae 

10.01 to 15-00 mm 

Larvae  
Fig. 8. Relative importance of major diet 

15.01 to  20.00mm items of 5 mm size classes of larval Bre- 
voortia patronus, collected in December 
1979, February 1980, December 1980, 
and February 1981 in the northern Gulf 
of Mexico. Diet items with a product of 

% F x % N < 50 excluded 

Table 7. Frequencies of occurrence of copepod genera eaten by l a ~ a l  Brevoortia patronus, Leiostornus xanthurus, and 
Micropogonias undulatus collected at the inshore stations along 3 transects in the northern Gulf of Mexico (Fig. 1) 

Transect Mississippi  Delta C a p e  S a n  Blas Galveston B a y  

Species: Brevoortia Leiostomus Micro- Brevooma Leiostomus Micro- Brevoortia Leiostomus Micro- 
patronus xanUlurus pogonias patronus xanthurus pogonias patronus xanthurus pogonias 

undulatus undula tus undulatus 

Copepod taxa 
Eucalanus sp. 0.50 1 6 1  
Undinula sp. 
Paracalanus spp. 1 .OO 5.56 9.68 
Ternora spp. 5.56 6.46 
La bidocera aestiva 5.56 
Acartia tonsa 0.25 11.11 8.06 
Microsetella sp. 5.56 1.61 
Euterp~na acutifrons 1.61 
Oithona spp. 5.56 12.90 11.76 
Saphirella spp. 3.23 
Oncaea sp. 0.25 16.67 8.06 38.84 28.57 2.94 
Lubbockia sp. 2.94 
Corycaeus spp. 3.23 1.05 5.26 
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the day and night than have been reported for northern 
anchovy Engraulis mordax, Pacific sardine Sardinops 
sagax, and yellowtail flounder Limanda ferruginea 
(Arthur, 1976; Smith et al., 1978). These higher percen- 
tages may have resulted from the short duration of 
discrete MOCNESS surface tows (most larvae were 
collected at the surface, the last net to be opened and 
closed), inasmuch as capture-induced defecation (Kjel- 
son et al., 1975) occurs more often in larvae collected 
from long (10 min) than from short (1 min) plankton 
tows (Hay, 1981). 

Gut morphology also influences the gut contents of 
larvae; fewer clupeoids, larvae with straight guts, have 
food in their guts than percoids, larvae with looped 
guts (Arthur, 1976). The percentage of gulf menhaden 
larvae with food in their guts was lower than those of 
spot or Atlantic croaker (Fig. 2 and 3). The percentage 
of larvae containing food should reflect their ability to 
capture food and a trend toward enhanced feeding 
ability with growth has been observed with clupeoids 
in the laboratory (Rosenthal and Hempel. 1970; Blaxter 
and Staines, 1971; Hunter, 1972). No such trend was 
apparent from the gut contents of gulf menhaden lar- 
vae (Fig. 3). 

The inability of larval fishes to feed in darkness has 
been inferred (Hunter, 1981) from the fact that they are 
visual feeders that lack retina1 rod cells and 
retinomotor pigment movement (Blaxter, 1975; O'Con- 
nell, 1981). In fact, most larvae caught at night usually 
have empty guts (Arthur, 1976). The occasional pre- 
sence of food in the guts of larvae collected at 0600 h 
(Fig. 2), however, indicates that larvae can feed at 
night if conditions allow. Food observed in guts of 
larvae collected before dawn was not residue of 
twilight feeding, because complete gut evacuation of 
marine larvae takes < 10 h (Rosenthal and Hempel, 
1970; Kjelson et al., 1975; Govoni et al., 1982). Arthur 
(1976) also observed night feeding in larval Pacific 
sardine and northern anchovy. Given an adequate 
density of food organisms, fish larvae might feed by 
tactile or even lateralis sensation (for speculation on 
this see Disler, 1971; Iwai, 1980). 

Phytoplankton may well be an important supple- 
mental food if not a critical first food for young gulf 
menhaden larvae, but assessments of the nutritional 
benefits of phytoplankton to larval marine fishes are 
controversial. Larvae of many fishes, particularly 
clupeoids, eat dinoflagellates and diatoms (e.g. 
Lebour, 1918; Arthur, 1976), but Blaxter (1969) found 
no indication of enhanced survival of pilchard larvae 
(Sardina pilchardus) reared in the laboratory on a mix- 
ture of diatoms and dinoflagellates, including Pro- 
rocentnun. Both Blaxter (1969) and Houde (1973, 1975) 
assumed that phytoplankters are not digested by fish 
larvae, yet Moffatt (1981) reported otherwise. The 

dinoflagellate Gymnodinium splendens is the critical 
first food for northern anchovy both in the laboratory 
and in the sea (Lasker et al., 1970; Lasker, 1975). Scura 
and Jerde (1977) found that northern anchovy larvae 
derived nutritional benefit from G. splendens but not 
from another dinoflagellate, Gonyaulaxpolyedra. That 
both dinoflagellates and diatoms were eaten, digested, 
and assimilated by gulf menhaden larvae was indi- 
cated not only by their presence in the alimentary 
canal and digestive residue in chyme (Table l), but 
also by the stable carbon isotope ratio of larval gulf 
menhaden tissue. The stable carbon isotope ratio of 
larval gulf menhaden collected in this study was closer 
to the ratio of marine phytoplankton than were the 
ratios of larval spot and Atlantic croaker, species that 
do not eat phytoplankton (Thayer et al., 1983). 

The trophic ontogeny of gulf menhaden and spot 
(Fig. 3 and 4) is similar to that observed in other 
clupeoid and percoid larvae (e.g. Hunter, 1981); larvae 
began by eating small food organisms (phytoplankters, 
tintinnids, invertebrate eggs, and copepod nauplii) 
and then ate progressively larger food (pteropods, 
juvenile pelecypods, and copepodites and copepods). 
The diet of Atlantic croaker larvae is exceptional. 
While the width of food items increased with the 
length of larvae, small Atlantic croaker larvae ate more 
copepodites and adult copepods than larger larvae, 
which ate more invertebrate eggs. 

The distinct, non-overlapping diets (Tables 2 to 5; 
Fig. 5 to 7) and the apparent spatial segregation (Table 
6) of the 3 species studied imply that their larvae do not 
compete for food. Even the 2 morphologically similar 
and systematically related species, spot and Atlantic 
croaker, had dissimilar diets. Moreover, diets were 
most distinct among the smallest larvae when food size 
coincided. Inasmuch as larval diets of other related fish 
taxa have been shown to differ (Last, 1978; Laroche, 
1982) despite similarities in food size, feeding compe- 
tition among larval fishes may not be prevalent. 

Diet overlap is manifest most often when food is 
abundant and becomes less apparent when food is 
limited (Pianka, 1976; Schoener, 1982). While food 
limitation of pelagic marine fish larvae remains in 
question (May, 1974; Methot and Kramer, 1979; 
O'Comell, 1980), the partitioning of food resources 
and spatial segregation among gulf menhaden, spot, 
and Atlantic croaker larvae may be a behavioral adap- 
tation that mitigates periods of low food supply. 

A striking feature of systematically diverse and 
geographically widespread larvae is the number of 
recurrent genera among their diets (e.g. Lebour, 1918; 
Bowers and Williamson, 1951; Arthur, 1976; Last, 
1978; Hunter, 1981; Coates-Markle, 1982; Laroche, 
1982). Whereas the cosmopolitan distribution of many 
phyto- and zooplankters may explain some of this 
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recurrence, selective feeding by fish larvae is also a 
possibility (Bowers and Williamson, 195 1 ; Arthur, 
1976). Size of food organisms and the efficiency with 
which fish larvae capture prey are the most likely 
mediating factors in food selection (Detwyler and 
Houde, 1970; Stepien, 1976; Hunter, 1981; Uotani et 
al., 1981; Checkley, 1982), but other factors such as 
coloration, mobility, and armature of food organisms or 
their short-term imprinting on feeding larvae also may 
be important (Hunter, 1981). In the present work, Pro- 
rocentrum spp, was the dominant dinoflagellate, 
Favella sp. was the dominant tintinnid, and Limacina 
trochifonnis was the only pteropod eaten by fish larvae 
(Table 1). Many other dinoflagellate, tintinnid, and 
pteropod species are abundant in the northern Gulf of 
Mexico (e.g. Borror, 1962; Balech, 1967; Steidinger and 
Williams, 1970; Cosper, 1972; B e  and Gilmer, 1977). Of 
34 copepod genera collected in the study area (L. Hill, 
NOAA, Atlantic Oceanographic and Meteorological 
Laboratories, pers. comm.), only 13 were identified in 
larval fishes while 2 (Oncaea and Paracalanus) genera 
clearly dominated. We suggest that active or passive 
selection must occur, because larvae ate only a limited 
number of available phyto- and zooplankton taxa. 
Owing to the evidence of seasonal, annual, and re- 
gional plasticity of diets (Table 7 ;  Fig. 8), the degree of 
selective feeding must now be assessed by comparison 
of diets to the abundance of relevant food organisms in 
the fish larva's habitat. 
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