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ABSTRACT: When examined in relatlon to their availability in the plankton, the organisms eaten by 
larval spot Leiostomus xanthurus and Atlantic croaker Micropogonias undulatus collected in the 
northern Gulf of Mexico indicated that these larvae feed selectively. Two electivity indices indicated 
that both small (1.00 to 5.00 mm) and large (5.01 to 10.00 mm) spot larvae selected copepodid and adult 
copepods (Stages C1 to CVI), pteropods, and pelecypods. Small croaker larvae also selected copepodid 
and adult copepods, as did large croaker larvae. Small and large larvae of both species selected Oncaea 
sp. from among the copepods, while one or more length categories of either species selected Oithona 
spp., Paracalanus spp., Corycaeus spp., and Acartia tonsa. Select~on appeared to be related not only to 
the width, but also to the sw~mming behavior and color of food organisms. 

INTRODUCTION 

The planktonic larvae of marine fishes make discrete 
feeding strikes. Feeding strikes comprise the percep- 
tion and recognition of prey, the flexion of the larva's 
body axis, and the driving forth of the larva toward the 
food organism (Hunter 1981). Because feeding strikes 
are primarily visually elicited and larvae have no reti- 
nal cone cells or retinomotor pigment movement (Blax- 
ter 1975), larvae feed primarily during the day (Hunter 
1981). Given their perceptive field and swimming 
speeds, larval fishes may search 12 to 120 1 of seawater 
for food organisms in a 12 h day (Hunter 1981). 

Selection of food from the assortment of organisms 
that constitute the diet of a fish depends upon availa- 
bility (the relative abundance of food organisms as 
they are encountered within the ambit of the fish), 
along with an interaction of the perception and recog- 
nition, capture, and successful ingestion of these 
organisms (Griffiths 1975, Eggers 1977, Drenner et al. 
1978). Among larval fishes the most important factor in 
food selection is generally held to be the width of food 
organisms, owing to its influence on ingestion (Detwy- 
ler & Houde 1970, Stepien 1976, Hansen & Wahl 1981, 
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Hunter 1981, Uotani et  al. 1981, Checkley 1982, Dab- 
rowski & Bardega 1984, Schmitt in press). Yet, width 
does not entirely pre-empt other factors that can affect 
perception, recognition, and capture, e.g. the mobility 
and color of food organisms (Bowers & Williamson 
1951, Arthur 1976, Teska & Behmer 1981, Checkley 
1982, Peterson & Ausubel 1984, Stoecker & Govoni 
1984). The larvae of 2 sciaenid fishes, spot Leiostornus 
xanthurus and Atlantic croaker Micropogonias 
undulatus, eat tintinnids, pteropods, pelecypods, 
ostracods, and the egg, naupliar, copepodid, and adult 
stages of copepods (Govoni et al. 1983). There is reason 
to believe that spot and Atlantic croaker larvae are 
selective feeders, as these larvae eat fewer taxa of 
suitable size than are present in ambient plankton. 

Do spot and Atlantic croaker larvae feed selectively, 
and if so, is their selection influenced solely by width 
or does the color and mobility of food organisms come 
into play? We address these questions by comparing 
the relative proportions of food organisms found in the 
larvae's guts with those of food organisms in the lar- 
vae's habitat, and relate apparent food selection to the 
size, swimming behavior, and color of food organisms. 
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METHODS 

Our sampling protocol was novel in that it allowed 
the simultaneous collection of both fish larvae and 
their microzooplanktonic food in small, vertically and 
horizontally discrete volumes of water. Discrete collec- 
tions of ichthyoplankton and microzooplankton were 
made in the northern Gulf of Mexico on 4 cruises, 2 
each winter from 1979 to 1981 (Table l), with a mod- 
ified multiple opening/closing net and environmental 
sensing system, MOCNESS (Wiebe et al. 1976). Each 
of the 9 frames of the MOCNESS was equipped with a 
1.0 by 1.4 m, 505 pm mesh nitex net with a 0.50 by 0.70 
m, 67 pm mesh net nested within. Larval fishes, includ- 
ing spot and Atlantic croaker, were sorted from the 
collections of both nets, while microzooplankters were 
sorted only from the collections of the nested nets. In 
each MOCNESS cast, nets were fished at strata within 
or just above the thermocline (or midwater, where the 
water was isothermal), in the middle of the upper 
mixed layer, and at the surface. At towing speeds of 1.5 
kn and with net fishing durations of 2 to 3 min, each 
outer net sampled approximately 75 m3 of water, while 
each nested net sampled approximately 25 m3. Collec- 
tions were preserved in 5 % formaldehyde buffered 
with sodium borate. 

All spot and Atlantic croaker larvae were measured 
(notochord length, NL) and their gut contents excised, 
measured (width), and identified. Of 52 and 50 collec- 

tions containing spot and Atlantic croaker larvae 
;espectively, we chose 14 and 11 for food-selection 
analysis. Criteria for this choice were: collections 
made between 1200 and 2000 h (Central Standard 
Time); collections having the greatest number of lar- 
vae of both species; and collections having the greatest 
number of larvae with food organisms identifiable to 
lower taxa. Furthermore, we considered only larvae 
with at  least 1 food organism in their guts (Table 1). 
This choice allowed us to examine the greatest number 
of presumably healthy, actively feeding larvae caught 
during a time interval that minimized errors due to 
digestion and defecation; w e  ignored larvae that were 
possibly unhealthy or stressed in some unknown way. 
In the single collection that contained >30 spot larvae 
(No. 12, Table l), 30 larvae were randomly chosen from 
a numbered grid by using a table of random numbers. 

Microzooplankton collections were split in a Motoda 
box (Motoda 1959), and subsamples of the resulting 
aliquots were taken with a Stempel pipette (Van Guel- 
pen et  al. 1982). Principal food organisms (those with a 
product of the percent of the total number of food 
organisms and the percent frequency of occurrence r l 
[Govoni et al. 19831) less than 2.0 mm long were 
counted and identified in subsamples. By this proce- 
dure the reproducibility of counts was 15 % 

The common approach to assessing food selection 
uses indices of electivity that are functions of the rela- 
tive proportions of food organisms found in the guts of 

Table 1. Collections of spot Leiostornus xanthurus and Atlantic croaker Micropogonias undulatus larvae in the northern Gulf of 
Mexico. Number of larvae with food organisms in their guts are in parentheses 

Collection Date Time Depth Location Number of Number of 
No (CST) (m) Leiostornus xanthurus Micropogonias undulatus 

1.00-5.00mm 5.01 -10.00mm 1 00-5.00mm 5.01-10.00mm 

1 12 Dec 1979 1224 16 28O55.0' N, 89O28.0' W 1 (1) 
2 12 Dec 1979 1755 14 28"55.0'N, 89"28.0'W 1 (1) 1 (1) 2 (2) 
3 10 Feb 1980 1830 7 2ga25.2' N, 85'37.0'W 2 (2) 
4 10 Feb 1980 1849 1 29O25.2' N, 85'37.0' W 1 (1) 
5 4 Dec 1980 1829 1 28"44.0fN, 89"36.0'W 1 (1) 
6 5 Dec 1980 1206 6 28'56.3' N, 89O27.7' W 
7 5 Dec 1980 1805 13 28'i5.5 'N, 8g027.9'W 
8 10 Dec 1980 121 1 9 2925.9'  N, 8.5'37 5 '  W 1 (1) 
9 10 Dec 1980 1217 5 29O25.9' N, 85'35.7' W 7 (5) 

10 10 Dec 1980 1805 11 29O25.3' N, 85'37.0'W 6 (4) 
11 10 Dec 1980 1812 6 29O25.3' N, 85'37 0 'W 6 (4) 
12 10 Dec 1980 1821 1 2g025.3'N, 85"37 O'W 772 (30)" 
13 12 Feb 1981 1930 6 29O05.2' N, 94'06.0' W l ( l )  
14 12 Feb 1981 1940 1 2go05.2'N, 94O06.0'W 8 (8) 
15 18 Feb 1981 1225 26 28"49.gfN, 8g016.7'W 1 (1) 
16 19 Feb 1981 1206 10 28"55.4'N, 89O29.1' W 1 (1) 
17 19 Feb 1981 1227 1 2go55.4'N, 8g029.l'W 1 (1) 
18 19 Feb 1981 1812 6 2ao54.9'N, 8g028.4'W 1 (1) 
19 19 Feb 1981 1823 1 28O54.9' N, 89'28 4' W 

a 30 larvae were randomly selected for analysis 
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animals with the relative proportions of food organisms 
available in the animals' immediate habitat. Electivity 
indices differ in their mathematical attributes and sen- 
sitivities to sampling error, as well as in the inferences 
that they can support (Lechowicz 1982, Pearre 1982). 
We used 2 electivity indices, Strauss' L (Strauss 1979, 
1982) and Chesson's a (Chesson 1978, 1983), because 
they reflect different properties of food selection: 

and 

where r = the relative proportion of food category i in 
the larva's diet; p = the relative proportion in the 
larva's habitat (notation of Lechowicz 1982). L varies 
linearly between + 1 (positive selection) and - 1 
(negative selection), deviates symmetrically about 0 
over the range of relative proportions, and is sensitive 
to sampling error, especially for relatively rare food 
organisms, but the effects of this sensitivity are not 
severe (Strauss 1979). L usually has either a positive or 
negative value; it is 0 only when the relative propor- 
tion of a food organism in the gut equals its relative 
proportion in the plankton. L simply compares by dif- 
ference the proportion of a food organism found in the 
gut of a larva with the proportion found in the larva's 
habitat. L is influenced by the density (number per unit 
volume) of food organisms as well as the larva's 
behavior, i.e. L will increase as the density of a food 
organism in the plankton decreases even if larvae 
consume identical numbers of this food organism 
(Chesson 1983). In contrast, a varies nonlinearly 
between 0 and + 1, deviates asymmetrically about the 
reciprocal of the number of food taxa available (the 
standard for selection), but is similarly sensitive to 
sampling error (Lechowicz 1982). U is 0 when no indi- 
viduals of a particular food organism are found in the 
gut, regardless of the relative proportion of this food 
organism in the environment. a is derived from models 
of the probabilities of food organisms encountered and 
captured (Chesson 1978), and is purported to reflect 
the invariant selection of food organisms over a range 
of food densities (Pearre 1982). a does not necessarily 
change as the density of food organisms changes, 
unless the behavior of the larva changes (Chesson 
1983). 

L and a values were calculated for individual larvae 
and for each food organism. In the computation of 
mean L and a (and its standards of selection), values 
from each collection were weighted by the number of 
larvae of each length category in a collection (Cochran 
1977). We considered only the relative proportions of 

principal food organisms, ignoring food organisms that 
were never eaten by larvae (thus are obviously not 
selected) or are rarely eaten (thus are not important 
diet constituents). Our conclusions therefore relate to 
selection of particular food organisms only in relation 
to the other organisms known to contribute to the 
growth and survival of larvae, and not to absolute food 
preference. 

RESULTS 

Both the mean and the positive skewness of food- 
organism width increased as spot and Atlantic croaker 
larvae grew in length (Fig. 1) .  Small spot larvae (1.00 to 
3.00 mm NL) ate food organisms with widths between 
20 and 300 pm, whereas large larvae (5.01 to 7.00 mm 
NL) ate organisms between 60 and 500 pm. The food 
organisms eaten by Atlantic croaker larvae showed a 
more obvious increase in width as larvae grew; small 
larvae (1.00 to 3.00 mm NL) ate food organisms 
between 60 and 220 pm, whereas large larvae (7.01 to 
9.00 mm NL) ate organisms between 100 and 460 pm. 
The increase in positive skewness reflects the addition 
of wider food organisms to the prevailing diets of 
larger larvae. 

Larvae of both species primarily ate food organisms 
between 100 and 260 pm in width and these widths 
coincided with the widths of copepod nauplii, 
copepodid and adult copepods, pteropods, and pelecy- 
pods (Fig. 1). Within this range the mean width of food 
organisms eaten by small larvae coincided with the 
mean widths of copepod nauplii and copepodid and 
adult copepods, whereas the mean width of organisms 
eaten by large larvae coincided more closely with the 
mean widths of pteropods and pelecypods. Atlantic 
croaker larvae 7.01 to 9.00 mm NL were an exception; 
they ate organisms that were closer in width to barna- 
cle nauplii. 

The relative proportion of food organisms eaten by 
larval spot and Atlantic croaker indicated that larvae 
frequently ate some food organisms in greater propor- 
tions than they occurred in the ambient microzoo- 
plankton (Table 2) ,  and weighted mean values for L 
and a confirmed that these food organisms were 
selected (Fig. 2). L and u values for copepodid and 
adult copepods (Stages C1 to CVI) indicated selection 
by all length categories of both species and were the 
highest values among all food organisms (barnacle 
nauplii had high L and a values for large Atlantic 
croaker larvae, but occurred in only 2 collections). 
Large spot larvae ate pteropods (primarily Limacina 
trochiformis) disproportionately in 3 of 4 collections 
and L and a values confirmed selection. Values for L 
and a indicated that both length categories of spot 
larvae selected pelecypods (bivalve larvae that were 
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transforming to juveniles and were near the end of cated selection of copepodid and adult copepods, and 
their planktonic period). Weighted mean L and a pelecypods. 
values for small and large spot larvae, calculated with- Among the copepods eaten by larvae, only Oncaea 
out Collection 12 (Table l ) ,  i . e .  without the heavy sp. (probabIy 0, venusta) were eaten in relative pro- 
weighting influence of this single collection, also indi- portions higher than the relative proportions of this 

A + B 
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I Fig. 1. Food organisms eaten by larval 
Leiostomus xanthurus and Mic- 

I ropogonias undulatus. (A) Range (verti- 

260- 
,, cal l ine),  mean (horizontal solid line), 

and 2 2  standard errors of the mean 

. . 
(horizontal broken line) of the width of 

-275 specific food organisms. Numbers above 
indicate numbers of observations. (B) 

20- 
Numbers of food organisms of different 
widths, with mean (solid line) and + 2  
standard errors (broken lines). Numbers 

FREQUENCY to the right are numbers of observations 

Table 2. The fraction of collections in which the r e l a t~ve  proportion of food organisms eaten by larval spot Leiostomusxanthurus 
and Atlantic croaker Micropogonius undulatus exceeded the re la t~ve proportion in the ambient plankton 

Food organlsm Spot Croaker 
1 00-5 00mm 5  01- 10 00mm 100-500mm 501-10OOmm 

Tln t~nn lds  0/12 0/4 N A N A 
Pteropods 2/12 3/4 0/8 0/6 
Pelecypods 8/14 2 '5 4 18 6/8 
Ostracods 3/13 1 '5 N A N A 
Copepod naup l~ i  2/14 0 '5 0/8 016 
Copepodites and adult copepods 12/14 3/5  618 5/6 

Eucalanus sp  NA N4 0/4 1/1 
Undlnula sp 0/1 0 0 N A N A 
Paracalanus spp 018 1 3  014 2 2 
Temora spp 0/6 0 2 0/4 0/0 
Acarba tonsa 0/4 0 1 1 /2 0/2 
M~crosetella s p  116 012 0/0 0/2 
Euterplna acut~frons NA N A 0/4 0/2 
O~thona  spp 0/8 1 /3 1 /4 0/2 
Saph~rella spp NA N A 0/2 0/0 
Oncaea sp 7/8 2 3 3/4 1 I2 
Corycaeus spp 1 /7 1 2  014 0/1 

Eggs 2/4 0 1 1 l2 1 / l  
Chaetognaths NA N 4  0 7 0/6 
Barnacle naup111 NA N A 016 1 /2 

NA Organ~sms  that do not occur in the specles diet 
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Fig. 2. Weighted mean values of electivi- 
ty indices for food organisms eaten by .- 
larval Leiostomus xanthurus and Mic- 
ropogonias undulatus. Values of Strauss' 
(1979) L (closed circles) above zero and 

I 
: S  5 values of Chesson's (1978) a (open cir- ? 

cles) above the arrows indicate selection. 2 f 
r &  
i D 

Vertical lines ~nd ica te  ranges; horizontal : m 

lines indicate +2 standard errors a U 

copepod in the plankton in half or more of the collec- 
tions in which this copepod occurred (Table 2), and 
weighted mean values of L and a confirmed that larvae 
selected this copepod (Fig. 3). An exception, the low 
mean a value for large Atlantic croaker larvae, 
resulted from the one of 2 collections (18 and 19, Table 
l ) ,  where the 2 larvae had not eaten Oncaea sp. and 
where a consequently was zero. Other copepods were 
eaten occasionally in disproportionate numbers by 
some larvae of certain length categories. L and a val- 
ues indicated that large larvae of both species selec- 
tively ate Paracalanus spp. (P. crassirostris, P. 
quasimoto, and P. indicus) (Fig. 3) .  Large spot larvae 
may have selected Corycaeus spp. (mostly C .  
amazonicus). (Again, weighted mean L and a values 
for small and large spot larvae, calculated without 
Collection 12, indicated selection of Oncaea sp.;  mean 
values for large spot larvae indicated selection of Cory- 
caeus spp. and Paracalanus spp.). Small Atlantic 
croaker larvae selected Oithona spp. ( 0 .  nana and 
possibly 0 .  plumifera and 0 .  simplex) and Acartia 
tonsa along with Oncaea sp. Other copepods were 
eaten in proportion to or below their relative propor- 
tions in the plankton, and L and a values confirmed no 
selection. 

DISCUSSION 

Three major errors can affect assessments of food 
selection. The first is error in the estimation of the 
relative proportions of food organisms in the animal's 
habitat. The second is error in the estimation of the 
relative proportion of food organisms in the animal's 
gut due to differences in digestibility among food 
organisms. The third is error in the calculated means of 
electivity indices when the number of available food 
taxa varies among samples. 

As regards the first, differences in distribution in 
time and space between larval fishes and their micro- 
zooplanktonic food can introduce errors in estimates of 
the relative proportions of food organisms available to 
fish larvae. Larval fish and their microzooplanktonic 
food are patchy in spatial distribution (see reviews in 
Owen 1980, Hewitt 1981, Longhurst 1981), but the 
scale and intensity of patchiness are grossly different 
(Houde & Lovdal 1985); larval fishes are typically 1 or 
perhaps 2 orders of magnitude less abundant than their 
microzooplanktonic prey. Moreover, the relative pro- 
portion of food organisms in the larva's immediate 
habitat can change through time as a result of the 
horizontal and vertical dissociation of microzooplank- 
ters and fish larvae (Owen 1980). Because larval fishes 
feed primarily during daylight hours and digest food 
and evacuate their guts in 10 or so hours (Govoni e t  al. 
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Fig 3 Weighted mean values of electivity indices for copepods ea ten  by larval Leiostomus xan thun~s  and Micropogonias 
undulatus. Values of Strauss' (1979) L (closed c~rc les)  above zero and values of Chesson's (1978) n (open circles) above the arrows 

indicate selection. Vertical lines indicate ranges;  horizontal lines indicate ? 2  standard errors 

in press), the relative proportion of food organisms 
found in the guts of a larval fish could reflect a micro- 
zooplankton assemblage encountered earlier and dif- 
fering markedly from the assemblage collected along 
with the larva. The vertically discrete samples in this 
study horizontally sampled an average of 100 m3 for 
larval fishes and 25 m3 of the same volume for micro- 
zooplankton. While these volumes far exceed the 12 to 
120 1 possibly searched by a fish larva each day and 
integrate possible small scale horizontal patclliness of 
the microzooplankton, they contain numbers of larval 
fishes barely sufficient for our analysis. Our sampl~ng  
protocol represents a necessary compromise between 
the collection of adequate numbers of larval fishes and 
the sampling of their microzooplanktonic food in a 
volume of water that comprises the ambit of these 
larvae. 

The second error, erroneous estimates of the relative 
proportions of food organisms in the guts of larvae, can 
arise from different rates of passage of food organisms 
through larval guts (Coates-Markle 1982). By consider- 

ing only larvae that had been collected between 1200 
and 2000 h,  a shorter period on average than that 
required for gut evacuation, the potential bias of vari- 
able digestibility was minimized. 

A third potential error is variation in the total 
number of available food taxa among samples, affec- 
ting calculated means of electivity indices. Within our 
samples, however, the number of food taxa available to 
larvae did not vary widely: from 4 to 7 for spot larvae 
when broad taxa were considered (Fig. 2), and from 6 
to 9 when copepod genera were included (Fig. 3); 4 to 7 
and 4 to 8 respectively for Atlantic croaker larvae. 

Food organisms smaller than the maximal accept- 
able size are selected from the plankton (Fig. 1, 2 & 3; 
also Checkley 1982), but larval fishes eat  increasingly 
larger (wider) food organisms as they grow. Copepodid 
and adult copepods were selected from the microzoo- 
plankton by larval spot and Atlantic croaker; small 
larvae selected the relatively small cyclopoid Oncaea 
sp. ,  and large larvae selected Oncaea sp. as well as 
Paracalanus spp., a larger calanoid copepod. Houde & 
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Lovdal (1984) reported that the selection of copepods 
< 100 pm in width decreased while the selection of 
copepods >l00 pm increased as larvae grew. 

Size is not the sole factor that influences selection. 
The copepod nauplii eaten by spot and Atlantic 
croaker larvae were similar in width to the copepodid 
and adult copepods eaten (Fig. l), yet larvae did not 
select nauplii while they did select copepodites and 
adults (Fig. 2). Corycaeus spp. were selected only by 
large spot larvae, although they are cyclopoids similar 
in size to Oncaea. The Corycaeus and Oncaea species 
available to larvae (C. speciosus, C. clausi, C. latus, C. 
lautus, C. catus, C. amazonicus, 0, mediterranea, and 
0 .  venusta) ranged from 0.8 to 2.9 mm in length (Rose 
1933, Gruzov & Alekseyeva 1970, Turner et al. 1984). 
The widths of Corycaeus and Oncaea eaten by larvae 
ranged from 0.1 to 0.3 mm. 

Besides size, 2 other attributes of the food organisms 
selected by spot and Atlantic croaker larvae might 
enhance their vulnerability: the swimming behavior of 
these microzooplankters and their color. Calanoid 
copepods typically swim along a smooth trajectory that 
is punctuated by occasional short pauses (Shuvayev 
1978, Kerfoot et al. 1980, Paffenhofer & Knowles 1980, 
Buskey 1984). Calanoids are characteristically active 
swimmers (Lowndes 1935, Gauld 1966) with escape 
responses that attain burst speeds of from 1 to 100 
mms-' (Shuvayev 1978), but the relatively small 
calanoids Acartia and Paracalanus swim in slower, 
irregular, zig-zag paths (Lowndes 1935, Hardy & Bain- 
bridge 1954, Gauld 1966, Singarajah 1975, Shuvayev 
1978). Cyclopoids typically swim in a hop and sink 
trajectory that is punctuated with long pauses (Strick- 
ler 1975, Shuvayev 1978). While cyclopoids attain 
burst speeds of 1 to 60 mm S-' in escape responses, they 
are passive swimmers in comparison to calanoids 
(Hardy & Bainbridge 1954, Gauld 1966, Shuvayev 
1978). Oithona (Gauld 1966), and probably Oncaea as 
well, are inactive swimmers with the jerky starts and 
long pauses that are typical of cyclopoids. As visual 
feeders, spot and Atlantic croaker larvae may perceive, 
recognize, and successfully strike these copepods with 
greater efficiency. The more constant and active swim- 
ming along with rapid burst speeds of most other 
calanoids and cyclopoids may enable them to avoid 
recognition and capture more frequently. The inability 
of a fish larvae to close the distance between itself and 
its prey is thought to be the principal cause of strike 
failure (Hunter 1972). Behavior also may contribute to 
the selection of pelecypods and pteropods. Their 
escape response, closing within their shell and sinking 
(Morton 1954, Carriker 1961, Gilmer 1974, Chia et al. 
1984, Cragg 1980, Mann & Wolf 1983), may allow for 
more frequent strike success by larvae. Ostracods, not 
selected by larvae, have a similar escape response 

(Angel 1970), but are much larger and sink rapidly (9.1 
mms-l). Rapid sinking may account for lower values of 
selection inasmuch as sinking decreases the time that 
the microzooplankter stays within the perceptive and 
strike field of larval fishes. 

Because they are yellow-orange, Oncaea sp., pelecy- 
pods, and pteropods may be more readily perceived 
and recognized than other, colorless microzooplank- 
ters. Behavorial response experiments with larval 
fishes (Blaxter 1975) show high spectral sensitivity in 
the yellow-orange waveband, 560 to 620 nm. Coastal 
water, due to the selective scattering of the shorter 
wavelengths, is maximally transparent to light near 
yellow-orange, 550 nm (Jerlov 1976). Spot and Atlantic 
croaker larvae live in coastal waters and feed near the 
surface in water irradiated with ample yellow-orange 
light. For example, at a surface irradiance of about 
2.9 X 103 pE m-2s-' (calculated from the solar constant 
and percentage atmospheric transmission in cloudy 
temperate regions given by Luning [1981]), of which 
about 45 % is included in the 400 to 700 nm waveband 
(Anderson 1967), an irradiance of yellow-orange light 
in the order of 70 to 282 PE mP2s-' remains at  10 m 
(interpolated from Dring [l9811 for turbid and clear 
coastal water). This irradiance is well above the 
threshold for the perception of food, only 1.8 X 10-2 to 
1.8 X 10 pE m-2s-1 in larval fishes (interpolated from 
Blaxter [l9751 and references therein, with conversions 
from illuminance to irradiance given in Luning [1981]). 
Teska & Behmer (1981) observed that larval lake 
whitefish Coregonus clupeaformis select orange 
copepods, and Byron (1982) observed that planktivor- 
ous adult fish select calanoid copepods that are highly 
colored with orange carotenoid pigments in preference 
to conspecific copepods that are uncolored. 

Copepods typically dominate the marine plankton 
assemblages of which larval fishes are members 
(McGowan & Miller 1980), and larval fishes have 
apparently evolved to select them over other micro- 
planktonic food organisms. Raisanen & Applegate 
(1983) and Rajasilta & Vuorinen (1983) have shown 
that the larvae of some freshwater fishes can select 
copepods. Moreover, spot and Atlantic croaker larvae 
selected copepods that were consistently present in 
relatively high densities in the plankton, Oncaea and 
Paracalan us. 

Copepod nauplii, major constituents of the diets of 
many other larval marine fishes (see review in Turner 
1984), were not selected by larval spot and Atlantic 
croaker (Fig. 1). This observation is consistent with 
those on other planktonic marine fish larvae of com- 
parable size and morphology, e.g. gadids (Coates- 
Markle 1982, Kane 1984), sciaenids (Houde & Lovdal 
1984), gobiids (Houde & Lovdal 1984), and scombrids 
(Peterson & Ausubel 1984). Our data do not explain the 
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lack of selection of copepod nauplii by larval fishes. 
These plankters are well within the acceptable size 
range of food organisms eaten and coincide in width 
with the size of the preferred food of spot and Atlantic 
croaker larvae (Fig. 1). Copepod nauplii swim with a 
paddling motion along a zig-zag trajectory (Shuvayev 
1978). The approach of a predator can elicit an escape 
response, but this response is no quicker and is 
perhaps of shorter distance than similar responses of 
copepodid and adult copepods (Gauld 1966, Shuvayev, 
1978). 

Differences in selective feeding apparently result in 
differing diets (Govoni et al. 1983) of the morphologi- 
cally similar sciaenid larvae, spot and Atlantic croaker. 
Spot larvae selectively feed on pelecypods, whereas 
Atlantic croaker larvae do not. The larvae of both 
species select Oncaea sp. and Paracalanus spp. from 
ambient copepod assemblages, but small Atlantic 
croaker larvae, by selecting Acartia tonsa and Oithona 
spp. in addition to Oncaea and Paracalanus, may be 
less restrictive in their copepod selection. 

Our data indicate that the planktonic larvae of spot 
and Atlantic croaker feed selectively, but they do not 
allow a quantitative assessment of the relative con- 
tribution of the factors that influence food selection. 
Nonetheless, these observations do indicate that while 
food selection is constrained by prey size (a larva can 
eat only those organisms that it can mechanically 
ingest), it is also influenced by prey perception, recog- 
nition, and capture. 
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