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Synopsis

The behavioral and morphological correlates of differential capture success at first feeding of the cichlid fish
Cichlasoma managuense were investigated. Capture efficiency with nauplii of Artemia salina was 69%
compared with only 6% with Daphnia. These drastic differences are attributed largely to the different
morphology and behavior of the prey that may have produced behavioral changes in the fish. Daphnia is
more evasive and harder to handle than Artemia as reflected in the significantly higher number of missed
capture attempts and in spit-outs, a measure of handling effort. Fish hunting Arternia had a high capture rate
when they made many attempts. By contrast, fish hunting Daphnia were successful when they handled the
prey persistently, made many spit outs and many attempts. Large behavioral variation was observed and may
be the substrate for later food specialization. In contrast to previous studies, morphological variation in the
predators and prey was kept low; no measured morphological trait of the predators explained a significant
portion of the variation in capture rate. The behavioral differences among the predators in each group alone
significantly explain the variation in capture rate. The developmental stage of the fish and the behavior of the
prey need to be considered when comparing the capture efficiency between species.

Introduction

The study of the development of feeding behavior
of fishes is important because early mortality
mostly from predation and starvation influences
recruitment (e.g. Hunter 1971). Therefore first
feeding success, especially of commercially impor-
tant fish species, is of special interest (e.g. Braum
1967, Blaxter & Staines 1972, Rosenthal & Hempel
1970, Hunter 1971). Many authors have demon-
strated that the behavioral sequence of first feeding
typically involves visual fixation of the prey item
followed by the assumption of stereoscopic vision.
Upon fixation, most larvae assume a S-posture and
then lunge forward, attempting to capture the

prey. If the prey notices the fish during fixation, it
might attempt to escape. Then the fish omits the
rest of the behavioral sequence of prey capture.

Not all fish have the same behavioral sequence of
prey capture at first feeding. For example, some
species never S-posture before lunging (Rosenthal
1966: Solea solea). The predation success of many
species during first feeding ranges from 1-10%
(Riley 1966: Pleuronectes platessa, Blaxter 1962,
Rosenthal 1969: Clupea harengus, Rosenthal 1966:
Solea solea, Fonds 1970: Pomatochistus spp.), to
40-50% (Chitty 1981: Anchoa mitchilli, A. lampro-
taenia) and rarely even 100% (Rosenthal 1970: Be-
lone belone).

The type of prey greatly influences first capture
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Fig. 1. Cichlasoma manguense shortly after hatching. TL 6.3 mm.

success. After a few experiences with one type of
prey, individual Clupea harengus larva, given a
choice between familiar and novel prey, feed on
one type only; apparently they respond preferen-
tially to a particular type of prey that these individ-
uals can capture readily. Novel prey are generally
not taken to the same extent as familiar prey
(Rosenthal 1969, Bergmann 1971, Bryan 1973,
Meyer 1986). Bryan & Larkin (1972) suggested a
similar mechanism for the food specialization of
individual food-experienced rainbow trout, Salmo
gairdneri. Nevertheless, no detailed study tested
what determines differential capture success with
different prey items at the onset of feeding on
external food sources in fish.

Young Cichlasoma managuense are guarded and
defended by their parents for about six weeks
(McKaye & Barlow 1976). During this time, the
young fish start feeding exogenously and develop
considerably (Fig. 1, 2). Preliminary laboratory ob-
servations indicate that at the onset of external
feeding they feed indiscriminately and with varying
success on different prey items. I investigated the

prey catching ability of food-naive young of Ci-
chlasoma managuense with two different types of
prey when first feeding on external food sources.
This study measured the differences in behavioral
and morphological traits of predator and prey asso-
ciated with capture rate with two types of prey, and
considered possible causes of variation in capture
success.

Materials and methods

The fish were laboratory bred siblings from one
spawning event to minimize genetical variation be-
tween individuals. Upon completion of the free
embryo phase (Balon 1985), a total of 48 young,
about 9.1mm in total length (Fig. 2, Table 1),
were randomly assigned to be fed on Artemia or
Daphnia and placed singly into separate observa-
tion chambers. The observation chambers, mea-
sured 10 x 10 x 10cm (11) and were visually separ-
ated from each other. Illumination was provided by
20W fluorescent light bulbs 20cm above and be-
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Fig. 2. Cichlasoma managuense at the onset of feeding on external food sources. The support of the median fins is not developed yet. The

bar represents 1 mm.



hind the chambers. The temperature was kept at
208G 10,

Each fish was tested only once, contributing only
one datum to the analysis. The fish had no prior
feeding experience with external food sources.
Four fish never attempted to prey on Daphnia
during the observation time and one fish did not
prey on Artemia. One Daphnia-group fish died
during acclimation. These fish were excluded from
the analysis which resulted in unequal sample sizes
between the groups (23 fish in the Artemia group
and 19 in the Daphnia group). No morphological
data were collected from 11 of the 23 fish in the
Artemia group. These missing data reduced the
sample size in some of the later analyses.

The fish were acclimated 24h, without food,
in the experimental chambers with a 12:12h
light:dark cycle. Acclimation (up to 24 h) signifi-
cantly calms the behavior of the fish (unpublished
observations). Each fish was offered about 150 in-
dividuals of its assigned prey type, either Artemia
or Daphnia, and its behavior was immediately ob-
served for 7min. The sequence of Arfemia and
Daphnia experiments was randomized throughout
the whole experimental procedure.

Immediately after the observation the fish was
removed from the observation chamber, deeply
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anesthetized and fixed in 10% buffered formalin.
No prey items were spit-out or lost from the fish’s
mouth during this procedure. Later the fish were
measured and the stomach contents examined. The
prey were nauplii of Artemia salina and Daphnia
sp.. Nauplii of Artemia salina have been used in
most studies of the first feeding of fish (e.g. Rosen-
thal 1969). The Daphnia were sieved repeatedly to
obtain a prey of comparable size to the nauplii of
Artemia salina (0.2 to 0.4 mm in diameter).
During the observations the following be-
havioral measures were recorded:
Latency — the time elapsed between the introduc-
tion of the prey and the first attempt of the fish to
capture a prey item, measured in sec.
Miss — a completed but unsuccessful attempt to
capture a prey item. The fish might have aimed in
the wrong direction or did not lunge far enough, or
the prey evaded the attack, all of which resulted in
a missed capture-attempt.
Spit-out—a prey capture followed by spitting out or
losing the prey from the predator’s mouth shortly
after capture. It was not possible to distinguish
between a purposeful and an involuntarily release
of the prey. The number of spit-outs was inter-
preted as an indication of the degree of difficulty in
handling prey.

Table 1. Analysis of variance comparing the variables of both groups of young. The sample sizes were 12 for the morphological variables
and 23 for the behavioral variables of the Arternia group and 19 for all variables of the Daphnia group (except handling effort). These
sample sizes gave 30 and 41 degrees of freedom respectively for the One-Way-ANOVAs. In the ANOVA testing for differences in
handling effort there were 9 cases missing in the Daphnia group due to the way handling effort was calculated; this resulted in 32 degrees
of freedom. The ANCOVAs with weight as covariate yielded the same results, except for the variable ‘attempts’.

Artemia

Daphnia

Mean SD Mean SD F-ratio p-value
total length (mm) 9.17 0.145 9.16 0.156 0.04 >0.05
weight (g) X 1000 4.9 0.0007 5.48 0.0007 4.17 =0.05
eye diameter (mm) 1.09 0.0359 1.05 0.1120 4.15 >0.05
capture rate 10.0 6.53 1.05 1.39 343 <0.000
capture efficiency 0.689 0.2272 0.058 0.0715 68.5 <0.000
latency (sec) 10.0 5.50 11.6 6.90 0.07 >0.05
attempts 14.6 8.80 14.5 8.97 0.00 >0.05
nonprey 2.0 2.81 0.89 1.82 2.17 =>0.05
misses 0.73 1.36 2.89 2.98 9.65 <0.000
spit-outs 0.130 0.344 4.32 4.23 22.5 <0.000
handling effort 0.051 0.146 3.98 4.30 19.9 <0.000
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Prey capture — a capture attempt followed by swal-
lowing the prey. It was usually not possible to
distinguish between capture of a prey and ingestion
of a nonprey item. In the data analysis prey capture
was replaced by the actual counts of prey and non-
prey items in the stomach.

The following counts and measurements were
taken after the observations:
Total length — distance from the tip of the upper jaw
to the end of the caudal fin, measured under a
dissecting microscope.
Eye diameter — was measured as the distance be-
tween the outer margins of the eyeball.
Weight — wet weight including ingested prey.
Capture rate — the number of prey and nonprey
items counted in the stomach. The number of prey
caught during the observation time is the capture
rate, used as the dependent variable in later ana-
lyses as the parsimonious approach.
Capture efficiency — the capture rate as a percen-
tage of attempts to allow comparisons of the first-
feeding success with other species. The ratio of
capture rate to attempts has sometimes been de-
fined as capture-success but I believe that capture
efficiency is a more appropriate term for this ratio
of return (capture rate) to energy expenditure (at-
tempts). The terms capture rate and capture effi-
ciency distinguish between rate (units:time) and
efficiency (units:energy, measured in attempts)
better than the term capture-success.
Nonprey — were items such as stones, eggshells of
Artemia salina, and other particulate debris.
Handling effort — the ratio of spit-outs to capture
rate, gives an indication of the difficulty of prey
handling.

Statistical methods

Comparisons between the two groups were made
using One-Way-ANOVAs (k= 2, T-tests). The
fish were taken at random from the brood and the
two groups did not have significantly different
weights (P = 0.0506). Therefore I report the results
of the One-Way-ANOVAs in Table 1. Addition-
ally however, I conducted analyses of covariance
with weight as the covariate, as a more conserv-
ative test. Prior to the ANCOVA I tested for nor-

mality of the data and ‘homogeneity of the slopes’
(Sokal & Rholf 1981, Dixon & Massey 1983). In all
tests, except in the variable ‘attempts’, both ana-
lyses yielded the same results (see Table 1). The
sample sizes were 42 for the comparisons of the
behavioral data and 31 for the morphological data.
To explain within-group variability and to depict
the relative importance of the behavioral and mor-
phological predictor variables, multiple stepwize
regression analyses were used. The data from the
Artemia and the Daphnia groups were trans-
formed, when necessary, to meet the assumptions
of the statistical tests.

Results
Morphology

The fish in both groups did not differ from each
other with respect to morphology but the fish of the
Daphnia group were somewhat heavier (p = 0.05,
Table 1). This weight included the captured prey
because it was not possible to weigh the tiny, fragile
fish before the experiment (Fig. 2) nor was it feasi-
ble to weigh the fish accurately after the removal of
the prey from its stomach because this procedure
required extensive shredding of the fish’s body. A
regression of the weight (including the prey) versus
the capture rate revealed no significant relation-
ship (regression analysis, F= 3.98, df = 30, r=
—0.3472, p>0.05, notice the negative correlation
coefficient). The prey’s weight did not contribute
perceptibly to the predator’s weight or smaller fish
had somewhat higher capture rates.

Behavior

Cichlasoma managuense goes through nearly the
same behavioral sequence as other species at first
feeding. However, the cichlid young do not assume
the S-posture with every capture-attempt as has
been discribed in Clupea harengus (Rosenthal
1969) and they attempt to capture a particular prey
item more consistently.

Without the use of high-speed cinematography it
was not possible to determine whether the fish



assumed the S-posture to varying degrees. The
impression, however, was that the fish stayed
longer in S-posture and with a greater amplitude
when hunting the more evasive prey, Daphnia, but
the amplitude did not appear as large as reported in
other species (e.g. Rosenthal 1969).

The development of the ability to distinguish
between palatable and unpalatable prey items is
critical (Dill 1983, Meyer 1986). At first feeding,
young of Cichlasoma managuense do not discrimi-
nate well. They not only snap at prey items, but
also attempt to feed on inert objects such as de-
tritus, airbubbles, and eggshells of Artemia salina. 1
also found tiny stones in the stomachs of fish at first
feeding. However the fish snap more readily at
moving objects than nonmoving ones.

The capture rate with Artemia salina as prey was
significantly higher than with Daphnia (One-Way-
ANOVA, F = 34.32, df = 41, p<0.0001, Table 1).
The fish in the Antemia group had on average
about 10 prey items in their stomachs, while those
in the Daphnia group had one prey item, with
considerable individual variation (coefficient of
variation (CV): Artemia group 65%, Daphnia
group 132% ). The reduction of prey density during
the brief observation period was not sufficient to
affect prey capture.

Capture efficiency (slopes in Fig. 3, 4) was also
significantly higher in the Artemia than in the
Daphnia group (One-Way-ANOVA, F= 68.51,
df = 41, p<0.0001, Table 1, CV: 33%, 123%). Ar-
temia were caught in almost 70% of all attempts,
but only 6% of all attempts to capture Daphnia
ended successfully. Both groups of fish had equally
long latencies of about 10 seconds (F = 0.707, df =
41, p>0.05, Table 1, CV: 55%, 59%). The number
of attempts, the sum of prey captures (from the
behavioral observations) plus misses plus spit-outs,
was not different in the two groups (One-Way-
ANOVA,F=0.00, df = 41, p>0.05, Table 1, CV:
60%, 62%, but see caption of Table 1). Both
groups tried with equal persistance. The number of
nonprey items found in the stomachs did not differ
between the Artemia and Daphnia groups (One-
Way-ANOVA, F=2.17, df = 41, p>0.05, Table 1,
CV:140%, 204%). The variation was large in both
groups hinting at the large individuality in the fish’s
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Prey: Artemia
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Fig. 3. X-Y-plot of attempts versus capture rate with Artemia as
prey. The regression line has the formula: capture rate = 0.77 +
0.63 X attempts. 72% of the variation in the variable capture
rate is explained by the number of attempts made by the fish
(regression analysis, F= 55.24, df = 22, p<0.001, r= 0.85.
p<0.05). The slopes in Figure 3 and 4 are the capture efficiency.

responses to the available prey. Dietary specializa-
tion may result from such large behavioral varia-
tion at the onset of feeding.

Daphnia were more evasive hence harder to
catch and have a harder carapace. This was re-
vealed by the difference between the groups in
misses and spit-outs. The fish preying on Daphnia
had a significantly higher number of misses (One-

Prey: Daphnia
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Fig. 4. X-Y-plot of attempts versus capture rate with Daphnia as
prey. The regression line has the formula: capture rate =
—0.095+ 0.079 x attempts. The regression is significant (re-
gression analysis, F = 5.93, df = 18, r = 0.51, p<0.03). 26% of
the variation in capture rate is explained by the variable ‘at-
tempts’.



132

Way-ANOVA, F = 9.65, p<0.005, df = 41, Table
1, CV: 183%, 103%) and spit-outs (One-Way-
ANOVA, F= 2245, df = 41, p<0.0001, Table 1,
CV: 264%, 98%). Misses are a measure of the
difficulty of prey capture. Artemiais a prey that can
be caught with apparent ease as judged by fewer
‘missed’ capture-attempts with this type of prey. It
also scems easier to handle because hardly any
Artemia were spit-out after being caught.

The handling effort, the ratio of spit-outs to cap-
ture rate, was a measure of the effort needed to
handle one prey item. The fish preying on Daphnia
had a significantly higher handling effort (4.0) than
the fish preying on Artemia (0.05) (One-Way-
ANOVA, F=19.9, df = 32, p<0.0001, Table 1).
The capture rate with Daphnia was so low that
most fish could not subsist on this diet and would
starve to death over a period of two weeks if no
other prey were offered. Nonetheless, the young
responded equally to the two types of prey in la-
tency and attempts.

Variation within groups of fish

To explain the variation in capture success within a
group of fish preying on one type of prey, I con-
ducted multiple stepwise regression analyses with
capture rate as dependent variable. Because the
sample size in the Artemia group was reduced, only
behavioral variables were used as independent
variables in the multiple regression analysis for this
group. However, simple linear regressions were
done with the morphological variables as predic-
tors of the capture rate, and none of these was
significant. This prior test justified the exclusion
of the morphological variables. In the Daphnia
group all morphological and behavioral variables
were used as predictor variables. The adjusted
R-squared value was used to judge when the great-
est part of the variability in the dependent variable
was explained.

In the case of the Artemia group, 72% of the
variability in the capture success is explained alone
by the variable ‘attempts’. The linear regression
modelis: capture rate = 0.77 + 0.63 X attempts, its
slope significantly different from 0 (regression
analysis, F = 55.24, df = 22, r= 0.85, p<<0.0001,

Prey: Daphnia
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Fig. 5. X-Y-plot of spit-outs versus capture rate with Daphnia as
prey. The regression is significant (regression analysis, F = 8.68,
df = 18, r = 0.58, p<0.01). 34% of the variation in capture rate
is explained by the variable ‘spit-out’. The regression line has
the formula: capture rate = 0.23 + 0.19 X spit-outs.

Fig. 3). Fish that made many attempts had a high
capture rate. The variable ‘attempts’ also explains
a significant portion of the variability in the capture
success in the Daphnia group (F= 5.93, df = 18,
r= 0.51, p<0.05, Fig. 4). Both groups attempted
to catch prey equally often (Fig. 3,4), yet the slopes
are significantly different (F= 67.84, df= 38,
p<<0.0001). The variable ‘spit-outs’ explains a
larger portion of the variation in the dependent
variable and a multiple stepwise regression analysis
invoked ‘spit-outs’ as the only variable (Fig. 5).
The linear regression model is: capture rate =
0.23 + 0.19 x spit-outs (regression analysis, F =
8.68, df = 18, r= 0.58, p<0.01, Fig. 5). Fish that
made many spit-outs had a high capture success.

Discussion

The ratio of prey size to fish size typically decreases
with increasing size of fish which tends to increase
capture efficiency. This is brought about by a num-
ber of correlated changes: absolute swimming
speed and the fast-start ability increase, fin support
and jaw apparatus mature, and the speed of the
behavioral sequence of prey capture increases (e.g.
Webb & Corolla 1981). Visual acuity increases with



the growth of the eye during the ontogeny of the
fish (Johns 1981, O’Connell 1981, Fernald 1984).
Hence the size of the eye might influence prey
capture. If an indicator of strength and stamina,
then weight of young should influence capture suc-
cess. Capture efficiency might be positively correl-
ated with the length and weight of the fish. How-
ever, neither size nor any other measured morpho-
logical trait of the young of Cichlasoma mana-
guense used in this study influenced significantly
the capture rate. Although the young that preyed
on Daphnia were somewhat heavier, which created
an unplanned but conservative bias, they had a
lower capture rate and capture efficiency than the
fish that preyed on Artemia.

Difference in prey morphology and behavior

Differences in morphology and behavior of the
prey influenced the predators’ behavior and con-
scquently its capture efficiency. Rosenthal (1969)
observed that the lunging speed of herring larvae
depends on the type of prey, and the S-posture was
more extreme when they attempted to prey on
adult copepods than on nauplii. In contrast to most
previous studies my fish could choose neither type
nor size of their prey. Yet, they responded equally
in latency and attempts to either type of prey.

Daphnia and Artemia differ in some crucial fea-
tures which might be responsible for the observed
differences in capture rate and capture efficiency.
Artemiais more spindle-like while Daphnia is more
oval, and Artemia is slightly redder in color. Inher-
ent color preferences may cause differential uptake
of prey (Clarke & Sutterlin 1985). Daphnia occurs
in the natural habitat of Cichlasoma managuense,
Artemia salina does not.

The nauplii of Artemia resemble copepods in
body shape and mode of locomotion. Artemia, al-
though ‘jumping’ erratically, moves in a more con-
tinuous, predictable fashion and ‘jumps’ shorter
distances than Daphnia. Artemia has no natural
predators in its hypersaline habitat and has proba-
bly not been selected for escape behavior. Artemia
does not show fast escape responses as do clado-
cerans. The movement of Daphnia, on the other
hand, is temporally as well as spatially less predic-
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table than that of Artemia. Daphnia also seemed to
notice an approaching predator and responded
with escape that was often successful. This dif-
ference between the two types of prey in move-
ments and morphology is believed to have created
the differences between the groups of fish in the
number of misses and spit-outs. The fish preying on
Daphnia had more difficulty catching (misses)
them than did fish hunting Artemia.

Once a prey is caught it still must be handled and
swallowed. The carapace of Daphnia is hard and
has a spine at its end. Because of these morphologi-
cal features the fish might have had to repeatedly
spit out the prey after capture to reposition and
mascerate it. Fish that handled one particular prey
item persistently (had a high number of spit-outs)
had a higher capture rate (Fig. 5), but in repeatedly
spitting out the prey, also ran the risk of losing it.
Only a small number of Daphnia, however, were
able to escape during the repeated spit-outs. Often
the Daphnia seemed to be injured when the fish
spit it out. Some fish repeatedly concentrated on
one particular prey item until it was swallowed.
From this I conclude that a persistently, though not
necessarily ‘skillfully’, handling fish will be the
more successful predator. This persistency may ac-
count for the higher capture efficiency of large
young at first exogenous feeding, like cichlids,
compared to clupeids (e.g. Hunter 1971). The fish
not only caught more Artemia, but also ingested
more nonprey items than when preying on
Daphnia. The Artemia culture medium also con-
tained egg shells, so they probably were ac-
companied by more nonprey items than were the
Daphnia. This suggestion that successful capture of
prey facilitates the indiscriminant uptake of non-
prey merits further testing.

A first-feeding efficiency of 70% when hunting
Artemia has been reported in only one other spe-
cies (Rosenthal 1970) Belone belone, and those
young are also large at the commencement of feed-
ing. The high efficiency of young Cichlasoma man-
guense must be interpreted in light of the relatively
advanced developmental state at initial exogenous
feeding (Fig. 2).
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