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Introduction

Predators become more efficient at dealing with a prey with increasing
experience. Although this is a well known phenomenon, the underlying
mechanisms are not obvious. The predator may become better at detect-
ing, catching, or handling the prey.

Selection should favor fish that can rapidly increase capture success
and that are able to switch prey objects quickly. It may favor variability
in responsiveness to novel prey stimuli and this could result in an in-
creased breadth of diet. This may be because prey are probably patchily
distributed and the composition of the zooplankton is often variable.

Recruitment of fish stocks is affected by the survival of the young age
classes (Hjort, 1926; HuntER, 1971). Therefore feeding by fish larvae,
especially of commercially important fish species, is of special interest to
fisheries scientists (e.g. IVLEv, 1961; Braum, 1963, 1964, 1967; BLAXTER,
1962, 1968, 1969; BLAXTER & StaINes, 1972; RoseNTHAL, 1969b;
RoseEnTHAL & HeEmpeL, 1970; HuntERr, 1971, 1972; Cuirry, 1981).
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Fish fry!) are readily available for observation. With few exceptions
(e.g. OnMm, 1958; WaRD & BarLow, 1967; QUERTERMUS & WARD, 1969;
BeErGMANN, 1971; Noakes & Barrow, 1973; Wyman & Warp, 1973;
Noakks, 1978; CoLe & Noakes, 1980) studies on the ontogeny of fishes
have dealt with feeding behavior (e.g. BrRaum, 1963, 1964, 1967; RoSEN-
THAL, 1966, 1969a, b, 1970; LASkER ¢f al., 1970; HOUDE & SCHEKTER,
1980, 1981; HunNTER, 1972; TwonGco & MacCriMMON, 1976; WARE et al. ,
1981).

Many authors (¢.g. BRaum, 1963, 1964; RoseENTHAL, 1969b; HUNTER,
1972) reported on the behavioral sequence of first feeding in fish larvae.
It involves the 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 (Braum, 1963;
RosenTHAL, 1969a, b; HunTER, 1972).

If the prey notices the fish larvae, it might attempt to escape. Then the
fish omits the rest of the behavioral sequence of prey capture (Braum,
1963; RosentHAL, 1969a; HunTER, 1972).

Not all fish fry have the same behavioral sequence of prey capture. For
example, some species never S-posture before lunging forward at the
prey (RosenTHAL, 1966: Solea solea).

At the onset of feeding on external food sources, fry do not feed selec-
tively on one type of prey and their capture success varies among the dif-
ferent types of prey. In many species success during first feeding ranges
from 1-10% (Braum, 1963, 1964: Coregonus wartmanni, C. fera; RiLEY,
1966: Pleuronectes platessa; BLaxTER, 1962, 1968; RoseNTHAL, 1969a, b:
Clupea harengus; ROSENTHAL, 1966: Solea solea; Fonps, 1970: Pomatochistus
spec.; MEYER, 1986: Cichlasoma managuense). However it can also reach
30% (Braum, 1964: Esox lucius), 40-50% (CHrrry, 1981: Anchoa mitchilli,
A. lamprotaenia) 70 %o (MEYER, 1986: Cichlasoma managuense) or even 100 %
(RosENTHAL, 1970: Belone belone).

Despite the low capture success of most species at first feeding, the fish
rapidly increase their capture efficiency. In herring larvae an increase in
capture efficiency to 60-70% is achieved within 30-35 days (ROSENTHAL,

) The cichlids used in this experiment were between the protopterygiolarval and the
pterygiolarval phase (sensu BaLon, 1975, 1979) in their life-history (Fig. 1). I prefer to
use the more general and nonspecific term ‘fry’ for cichlids in this interval of their on-
togeny. However, I will use ‘larvae’ for fish which resemble herring larvae at hatching
and at beginning of feeding on external food sources. I make this distinction to emphasize
the difference in the developmental stage at the onset of feeding between cichlid fry and
those such as herring larvae.
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1969a, b). CHirry (1981) observed an improvement in capture success
from about 30% to 70% in 8 days of feeding experience in two species
of anchovy. HunTer (1972) reported an increase in feeding success from
about 10% to about 50% in 6 days of feeding, and up to about 100%
success 1n 20 days of feeding.

The type of prey used in experiments and the amount of feeding ex-
perience greatly influence the capture success (¢.g. RosENTHAL, 1969a;
RosenTHAL & HEmPEL, 1970; MEYER, 1985, 1986). RoseNTHAL (1969a)
found that individual herring fry, after a few experiences with a novel
prey still do not take the novel prey to the same extent as familiar prey.
He suggested that individual fry get trained to respond differentially to
a type of prey they can capture with high success. Bryan (1973) and
BryaN & LARKIN (1972) described a similar mechanism that resulted in
food specialization in individual food-experienced trout.

Theoretical work by MurpocH (1969) and colaborators (MUrRDOCH &
OaTeN, 1975; MurpocH & SmytH, 1975; OATEN & MurpocH, 1975)
predicted when a predator should switch prey items; they worked out the
effects of the predators’s behavior on the prey population. MurpocH
(1969) defined ‘‘switching’’ as the relative disproportionate predation on
one type of prey over another type of prey. ‘‘Switching’” here simply
refers to the change in the type of prey.

In many studies (e.¢. Hunter, 1972; Houde & ScHEkTER, 1980;
CHiTTY, 1981) it has been assumed that a change in some morphological
character of the predator is correlated with an increase in capture success
with - increasing experience with a particular prey. For example, total
length is closely associated with absolute swimming speed and the fast-
start ability of a fish (WesB & Cororra, 1981). Likewise, weight probably
indicates strength. Therefore, length and weight might influence capture
SUCCESS.

Moreover, behavioral as well as in neurological studies of fish reveal
that visual acuity increases with the growth of the eye during ontogeny
(MULLER, 1952; Tamura, 1957; BAERENDs e al., 1960; Jouns, 1981;
HairstoN et al., 1982; FErNaALD, 1984). Fish with better visual aguity
ought to detect and attack prey at greater distances. Hence, the eye
diameter may influence prey capture.

I attempted to distinguish which of the behavioral responses, the abili-
ty to detect, catch, or handle the prey and which morphological attributes
of the predators changed with increasing experience. The aim of the pres-
ent study was to describe the behavioral changes of fish fry occurring
during increasing experience with a novel prey item. The study will
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depict the relative contribution of morphology and behavior to the ob-
served increase in capture success.

The correlated changes in behavior with increasing experience with
novel prey will be discussed for their applicability to concepts like search-
image formation.

Materials and methods

The young of Cichlasoma managuense are guarded and defended by their parents for about
six weeks (McKAYE & BArLow, 1976). During this time, the fry start feeding and develop
considerably.

The fish in this experiment were bred in the laboratory and were all siblings from the
same spawning event. Fig. 1 shows the developmental stage of the experimental fish.
Upon completion of the eleutheroembryonic phase, the time between hatching and the
first uptake of nutrients from external food sources (BaLon, 1975), the fish were fed with
nauplii of Artemia salina for the first 10 days of feeding. The prey type was switched to
Daphnia during the subsequent experimental phase. It was not possible to balance the ex-
perimental design because fish had a very low capture success with Daphnia at first feeding
and could not be sustained on a diet of Daphnia through the first 10 days before the experi-
ment (MEYER, 1985).

Fig. 1. A fry of Cichlasoma managuense at the developmental stage used in these ex-
periments. The bar represents 1 mm.

Fish of various amounts of prior feeding experience with the novel prey were tested,
and changes in behavioral and morphological variables were recorded.

The experimental schedule was as follows (sec also Fig. 2): The first group of fish (Trial
1), which had no prior feeding experience with the novel prey Daphnia, was transferred
from a holding tank into the observation chambers on day 0 for 24 h acclimation. Trial
group | was tested on day 1 (I will use the terms group and trial synonymously).

All the other groups of fish also received their first feeding experience with Daphnia on
day 1 (in the holding tank). The fish of group 2 were then placed into the observation
tanks. Trial 2 fish were acclimated in the chambers from day 1 to day 2. Observations
on group 2 were taken on day 2. This procedure was completed for five groups of fish
with up to four previous feeding experiences with Daphnia (Fig. 2). This experimental
design was chosen in order to maintain statistical independence and to exclude the con-
founding effect of fish becoming acquainted with the observation chambers.

Fish with one or more prior experiences with Daphnia (Trial 2-5) were fed in their
holding tanks only enough Daphnia for a 5-10 minute feeding period. Each such feeding
constituted one feeding experience with the novel prey.

The observation chambers measured 10 x 10 x 10 cm (vol. = 12). They were arranged
in rows of six chambers separated by opaque plastic barriers. Illumination was provided
by 20W fluorescent light bulbs 20 cm above and behind the chambers. The temperature
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was 26°C £ 1°C. The observation chambers were cleaned after each observation period
and refilled with aged water.

Duration of acclimation (up to 24 h) appreciably influences the behavior of the fish
(pers. obs.). The longer the acclimation the calmer the fish. The fish were not fed during
the 24 h acclimation period (12:12 light dark cycle) in the observation chambers. The
observation time was seven min per individual fish and started immediately after prey
were introduced into the chamber.

EXPERIMENTAL SCHEDULE:
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Fig. 2. The experimental schedule. For further explanation see Methods.

The Daphnia were sieved repeatedly to obtain prey of a size comparable (0.2-0.4 mm
in diameter) to the pretreatment prey nauplii of Artemia salina. About 150 prey items were
introduced into each observation tank. Some nonprey items of the same or smaller size
than the prey unavoidably accompanied it. The consumption of the prey during the brief
observation period was not sufficient to affect the prey density appreciably.

Only a small number of fish did not feed during the observation period and a few died
during acclimation. These fish were excluded from the analysis resulting in unequal sam-
ple sizes between the groups. A total of 60 fish were included into the statistical analysis.

Observations during the experiment.

Latency. Latency was the time in sec elapsed between the introduction of the prey and
the first attempt of the fish to capture a prey item.

Miss. The fish went through the entire behavioral sequence of prey capture without
success. 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.

Spit-out. Prey capture was sometimes followed by spitting out or losing the prey out
of the predator’s mouth within a short time after capture. Tt was not possible to
distinguish between a purposeful and an involuntary release of the prey. This behavior
was interpreted as indicating some degree of difficulty in handling a prey item.

Prey capture. This was a successful attempt to capture a prey item, followed by swallow-
ing the prey. It was usually not possible to distinguish beween capturing a prey and a
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nonprey item. In the later analysis prey capture was replaced by the actual counts of prey
and nonprey items in the stomach.

Measurements and counts.

Immediately after the observations, the fish were taken out of the observation chambers,
deeply anaesthetized, and subsequently sacrificed and fixed in 10% buffered formalin.
No prey items were spit-out or lost from the fish’s mouth during this process. Later the
fish were weighed, measured, and the stomach contents examined. The measurements
and counts were done with a stereomicroscope and an ocular micrometer. The balance
was accurate to 0.000001 g. The following counts and measures were taken from the pre-
served fishes:

Total length. This is the length from the tip of the upper jaw to the end of the caudal fin.

Eye diameter. The eye diameter was measured as the orbit length.

Weight. The wet-weight of the fish after the experiment included the ingested prey
items.

Capture success. The stomachs were examined and the numbers of prey and nonprey
items found were counted. Capture success has sometimes been defined as the ratio of
the number of prey items caught to the total number of attempts a fish has made (Rosen-
THAL, 1969a; Houpe & ScHEKTER, 1981; HUNTER, 1972). In this study I defined capture
success as the number of prey items caught during the standard observation period, i.e.,
rate of prey capturc. Because I used prey items of comparable sizes this seemed par-
simonious. But T will also report the capture efficiency, the percent of successes of the
total number of capturc attempts, to allow the comparison of capture efficiency in this
species with that of other species.

Nonprey. Nonprey were items such as stones, eggshells of Artemia salina, particulate
debris, and other items of no nutritional value. They were of similar size as the prey
items.

Statistical analysis.

Transformations of the data were conducted when necessary to meet the assumptions of
the statistical tests. The transformations included logarithms (for measurements), x4+ .5
(for counts) and arc sin (for percentages). To test for the overall change within a par-
ticular behavioral or morphological variable One-Way-ANOVAs were used. Multiple
comparisons between the trials within one variable were made with One-Way-ANOVAs
(t-tests). The overall probability of making a type I error was maintained at the 0.05 level
by adjusting the individual alpha-levels of the pairwise comparisons (k = 5, 10 pairwise
comparisons possible, adjusted alpha-value about 0.005) Sokar & Rownrr, 1981; Dixon
& MassEy, 1982). Furthermore, multiple stepwise partial regression analysis was used to
assess the relative importance of behavioral and morphological variables to the outcome,
the increase in capture success with experience with novel prey.

Results
General comments.

Cichlasoma managuense goes through nearly the same behavioral sequence
as other species in which the feeding behavior of fish fry has been ob-
served (references in Introduction). However, the fry did not assume the
S-posture with every capture attempt, as has been described in Clupea
harengus (ROSENTHAL, 1969b). In general, the amplitude did not appear
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to be as large as seen in other species in previous studies (Braum, 1963;
RosenTHAL, 1969b; Hunter, 1972). The amplitude of the S-posture,
moreover, seemed greater when preying on Daphnia than when preying
on their first prey, Artemia. Daphnia is more difficult to catch than Artemia
(MEvEr, 1985). When the Daphnia noticed the predator, they often
escaped and the fry then omited the rest of the behavioral sequence of
prey capture.

The capture success increased with increasing experience with the
novel prey (One-Way-ANOVA, p<0.005, Fig. 3). Capture efficiency
also increased (One-Way-ANOVA, p<0.00001, Fig. 4). The difference
in the capture success and capture efficiency between fish with no and
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Fig. 3. The capturc success (number of prey items in stomach) for each group is
represented by a vertical bar giving the mean +/-one S.E. (n=11, 10, 11, 12, 15 for
groups 1 through 5).
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Fig. 4. Capture cfficiency (ratio of capture success to attempts) for cach group is
represented by a vertical bar giving the mean +/- one S.E. (n=11, 10, 11, 12, 15 for
groups 1 through 5).
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with one previous feeding experience with the novel prey (trials 1-2) is
significant (One-Way-ANOVA, p<0.0005, Figs 3 and 4). Thus one
prior feeding experience caused a significant increase in the capture suc-
cess and capture efficiency. The peak capture success was reached after
only two prior feeding experiences with a novel type of prey (Fig. 3) (the
differences between groups 3, 4 and 5 are not significant with the ad-
justed alpha value). Similarly, only two prior feeding experiences with
the novel prey Daphnia were sufficient to reach the highest capture effi-
ciency of 70% (Fig. 4).

Morphology.

Total length.

Overall the groups differed significantly in size (One-Way-ANOVA,
p<0.005, Fig. 5). The difference in size between groups 2 and 4 is

significant  (One-Way-ANOVA, p<0.001) with the adjusted
alpha-value.
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Fig. 5. Total length for each group is represented by a vertical bar giving the mean +/-
one S.E. (n=11, 10, 11, 12, 15 for groups | through 5).

Weight.

The differences between the groups overall were significant (One-Way-
ANOVA, p<0.005, Fig. 6). However, none of the pairwise comparisons
showed significant differences (One-Way-ANOVA, p>0.005).

Eye-diameter.

All groups were significantly different from each other (One-Way-
ANOVA, p<0.0001, Fig. 7). Groups 2-4 (One-Way-ANOVA,
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p<0.0001), and groups 2-3 (One-Way-ANOVA, p<0.001) were
significantly different.

Behaviors.
Latency.

The fish exhibited large variation in latency (Fig. 8). The variation was
especially high in fish with no or only one previous experience with the
novel prey. The fish in these groups had a latency of around 20 sec.

The variation decreased dramatically in groups with more than one
previous feeding experience. Their latency was less than 7 seconds. The
overall decrease in latency between all groups was almost significant
(One-Way-ANOVA, p =0.08, Fig. 8).
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Fig. 6. Weight for each group is represented by a vertical bar giving the mean +/- one
S.E. (n=11, 10, 11, 12, 15 for groups ! through 5).
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Fig. 7. Eye diameter for each group is represented by a vertical bar giving the mean +/-
one S.E. (n=11, 10, 11, 12, 15 for groups 1 through 5):
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Attempts.

The number of attemps, which is the sum of prey captures plus spit-outs
plus missess, fluctuated significantly. There was also considerable
variability within the groups. The overall difference was significant
(One-Way-ANOVA, p<0.01, Fig. 9). The difterences were significant
between trials 3-5 (One-Way-ANOVA, p<0.005), and 3-4 (One-Way-
ANOVA, p<0.005).

Nonprey.
At first feeding on extraneous food sources, the fry did not discriminate
well. They snapped at prey items but they also attempted to feed on inert
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Fig. 8. Latency (sec) to respond after the introduction of prey into the observation
chambers, for cach group is represented by a vertical bar giving the mean +/- one S.E.
(n=11, 10, 11, 12, 15 for groups 1 through 5).
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Fig. 9. Attempts to capture prey (sum of prey captures plus spit-outs plus missess), for
each group is represented by a vertical bar giving the mean +/- one S.E. (n=11, 10,
11, 12, 15 for groups 1 through 5).
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objects such as detritus, airbubbles, and eggshells of Artemia salina. 1 also
found tiny grains of sand in the stomachs of fish feeding for the first time
(MEvER, 1985, 1986). The indiscriminant uptake of nonprey also oc-
curred after switching to the novel prey Daphnia in this experiment.
Although nonmoving objects were ingested, the fish snapped preferen-
tially at moving objects over nonmoving ones. Overall the differences be-
tween the groups were significant (One-Way-ANOVA, p<0.05,
Fig. 10).

The variable nonprey exhibited a pattern similar to the variable laten-
cy. There was large variation in the number of nonprey items swallowed
in the first two groups. However, the mean and the variance decreased
from group 3 on (with the exception of group 4). The differences between
trials 2-3 (One-Way-ANOVA, p<0.005) and between trials 2-5 (One-
Way-ANOVA, p<0.001) were significant.

NONPREY
P O ®

TRIALS

Fig. 10. Number of nonprey found in the stomachs, for each group is represented by a
vertical bar giving the mean +/- one S.E. (n= 11, 10, 11, 12, 15 for groups 1 through 5).

Nonprey/prey.

The ratio of nonprey to prey items taken (index of selectivity) (Fig. 11)
showed a similar pattern as the variables latency time and nonprey (Figs
8 and 10). The change with increasing experience was significant (One-
Way-ANOVA, p<0.0001). The first group took about 3 nonprey items
for each prey item. Group 2 ingested one nonprey item for each prey
item. From group 3 on the fish took on average 5 to 6 times more prey
than nonprey items. Trials 1-3, 1-4 were significantly different (One-
Way-ANOVAs, p<0.001).
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Miss.

The number of missed attempts did not change with increasing ex-
perience with novel prey. The overall differences were not significant

(One-Way-ANOVA, p>0.05, Fig. 12).

Spit-outs.
Fish sometimes repeatedly spit-out and ingested the prey until it was

finally swallowed, lost, or neglected. The number of spit-outs decreased
from group 1 to group 3 from about 5.4 to 2.3 spit-outs on average.
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Fig. 11. Ratio of nonprey to prey items taken (index of selectivity), for each group is
represented by a vertical bar giving the mean +/- one S.E. (n=11, 10, 11, 12, 15 for
groups 1 through 5).
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Fig. 12. The number of missed attempts to capture prey, for each group is represented
by a vertical bar giving the mean +/- one S.E. (n=11, 10, 11, 12, 15 for groups 1
through 3).
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However, it increased in groups 4 and 5 to 4 and 7.3 respectively (Fig.
13). Overall, the differences between the groups were significant (One-
Way-ANOVA, p<0.05). However, none of the pairwise comparisons
was significantly different (One-Way-ANOVAs, p>0.005). '

Handling effort.

Spit-outs, expressed as a measure of handling effort (spit-outs per prey)
may be a better estimate of handling effort (Fig. 14) than the mere
number of spit-outs (Fig. 13). The fish decreased their handling effort
with increasing experience by using fewer spit-outs per prey item caught
(One-Way-ANOVA, p<0.0001). The handling effort decreased from

SPIT-QUTS
i
—t—
—_——

TRIALS

Fig. 13. Spit-outs for each group is represented by a vertical bar giving the mean +/-
one S.E. (n=11, 10, 11, 12, 15 for groups 1 through 5).
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Fig. 14. Spit-outs per prey (handling effort) for each group is represented by a vertical
bar giving the mean +/- one S.E. (n=11, 10, 11, 12, 15 for groups 1 through 5).
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2.0 spit-outs per Daphnia in group 1 to 0.9 spit-outs in groups 2 to 0.4
spit-outs in groups 3 and 4. However, the handling effort increased again
in group 5 to 0.9 spit-outs per Daphnia caught. The differences between
groups 1-3 (One-Way ANOVA, p<0.0005), 1-4 (One-Way-ANOVA,
p<0.001), and 1-5 (One-Way-ANOVA, p<0.005) were significant.

The role of changing morphology and behavior in capture
success.

To explain the variation in capture success within all groups I analysed
the data with partial multiple stepwise regressions. Capture success was
the dependent variable and all morphological and behavioral variables
were the predictor variables. The adjusted R-squared value was
employed to judge when the greatest part of the variability in the depen-
dent variable had been explained.

The model was calculated as a standardized partial regression equa-
tion, so the partial regression coefficients were transformed into b-primes
(SoxaL & Rouvr, 1981; Dixon & Massey, 1983). That is, variables are
not expressed in their original units but instead are standardized and ex-
pressed as change per standard deviation of the dependent variable. This
allows one to compare the relative strength of the contribution of the par-
ticular predictor variable in explaining the variation in the dependent
variable (SokaL & RounLr, 1981; Dixon & Massey, 1983).

The standardized multiple regression model goes as follows: Capture
success = -8.67 + .42 trials + .40 attempts -.41 weight + .34 eye
diameter.

This linear model best fit the data (regression analysis, F=14.9,
p<0.00001, adjusted R-squared = .49). The predictor variables ‘trials’’
(number of previous feeding experiences+1) and ‘‘attempts’” (total
number of capture attempts), weight, and eye diameter best explain the
variation in the dependent variable ‘‘capture success’’. Note that trials,
attempts and eye diameter were positively correlated with capture success
whereas weight was negatively correlated.

A change of 2.5 standard deviations in ‘‘trials’’, ‘‘attempts’’, or
““weight’” will cause a change of one standard deviation in capture suc-
cess. The variable ‘‘eyediameter’’ has to change by three standard devia-
tions to cause the same effect on capture success.

An experienced, persistently trying, light fish with a large eye diameter
was found to have a high capture success.
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Discussion

The fish significantly increased their ability to prey on Daphnia with in-
creasing experience. This increase did not result from an overall increase
in the total number of attempts because the mean number of attempts
fluctuated significantly but did not increase with increasing experience.

The confinement of my experimental fish in a small chamber for 24
h, coupled with the separation from siblings, might have increased the
variability of the fry’s motivation. That could partly explain the con-
siderable individual variation in the behaviors observed. RiNGLER (1979)
noted considerable variability in behaviors in young trout, particularly
in the carly stages of getting experienced with a novel prey item.
Hu~TER’s (1972: 833) figure 9 also exemplifies this pronounced variabili-
ty. This variability may be caused by a number of factors.

The variability in the weight, as a correlate of the hunger state of the

Cichlasoma managuense, may have been large enough to cause the marked
differences in the motivation to prey (see DiLrL, 1983).
Mivinskr & LOwENSTEIN (1980) reported for sticklebacks a significant
decrease in the time to catch a given number of prey items with increas-
ing experience with their experimental set up. That explanation does not
apply to this experiment because none of the fish in this experiment had
any prior exposure to the observation chamber.

The increase in the success rate with increasing experience with a new
type of prey could be caused by changes in morphology alone or by
behavioral changes that have no morphological correlates.

The influence of morphology on capture success.

RoseENTHAL (1969b) found a positive relationship between the length of
the fish and the speed of the behavioral sequence of prey capture by herr-
ing larvae. CHrrry’s data (1981) suggest that length of fish is an impor-
tant variable in capturc success. Along with increasing size goes an
increase in the strength of the fin support and maturation of the jaw ap-
paratus (O’ConnEL, 1981). Consequently success may be correlated with
total length of the fry. However, contrary to previous hypotheses
(RosentHAL, 1969a, b; RosentHAL & Hemper, 1970; HunTter, 1972:
Houpke & ScHekTER, 1980; CHrTTY, 1981), size of Cichlasorna managuense
did not influence the capture success significantly. Similar to my find-
ings, RINGLER (1979) and MiLiNskr & LOweNsTEIN (1980) did not find a
significant influence of size on capture success in trout and sticklebacks.

Weight of the fry could influence capture success because it may in-
dicate strength and stamina. A heavier fish, with more muscle, should
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have stronger thrust and hence a greater likelihood of catching prey. On
the other hand a lighter fish may be hungrier and therefore motivated to
attempt to hunt for the prey more persistently.

I found a correlation between capture success and weight of the fish.
Multiple regression analysis did reveal that weight and eye diameter ex-
plain a significant portion of the variation in the dependent variable cap-
ture success. Weight, however, was negatively correlated with success.
That may indicate that the lighter, probably hungrier, fish tended to be
more successful. This result may be explained by DiLL’s (1983) findings
that showed that small changes in the gastric sensation of hunger can
strongly influence a fish’s behavior.

Visual acuity increases with increase in eye diameter (see references in
Introduction). This positive correlation of eye diameter with capture suc-
cess may suggest an ecological effect of the increase in visual acuity with
increasing eye diameter.

Behavioral changes and the formation of search image.

In order to show that a perceptual change in the predator occurred one
needs to demonstrate that neither catching ability nor handling proficien-
cy, nor decreasing avoidance of the novel prey brought about the ob-
served changes in capture success (Dawkins, 1971; Kress, 1973; Curio,
1976).

Misses are a measure of catching ability. The fish’s ability to capture
prey did not improve significantly with increasing experience (Fig. 12).
The regression analysis showed that catching ability did not improve
within the first five trials with a novel prey. The predictor variable
“‘misses’’ did not explain a significant portion of the variation in capture
success. Misses made up only 10-15% of all capture attempts. It may be,
however, that the capture ability improved later with more experience
with the prey and therefore contributes to the increase in capture success.

Spit-outs indicated difficulty in handling a particular prey item. The
change in the number of spit-outs was significant (Fig. 13). The fry need-
ed to handle (spit-out) the Daphnia less often with increasing experience.
They diminished thereby, the risks of loosing the prey through escape
behavior of the prey or predation by a competing fish. It may also be that
the fish got better in masticating the prey through strengthening of the
jaw apparatus and the associated muscles. None of these interpretations
can be ruled out by the available evidence.

The decrease in the ratio of spit-outs per prey (Fig. 14) (decrease in
handling effort) may reflect an increased handling ability or a change in
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handling tactic. However, it may also mean that the fish learned to
distinguish between prey and nonprey once they are captured, i.e., the
fish spit-out the nonprey that they did not visually distinguish from a
prey item without handling (spiting it out) repeatedly (see also the ratio
of nonprey/prey caught, Fig. 11).

The latency of the fish decreased, however the decrease was not quite
significant (Fig. 8). This may mean that the fry learned to perceive the
novel prey better or avoidance of the novel stimulus decreased.

The fish took fewer nonprey items with increasing experience with
Daphnia (Fig. 10). The decrease in the uptake of nonprey items could in-
dicate a perceptual change (TINBERGEN, 1960) or simply demonstrate the
buildup of a preference for the new prey.

The prey were not cryptically colored and should not have been hard
to perceive. The changes in behavior seem to indicate that the handling
efficiency and selectivity increased and the avoidance of the novel prey
decreased. Therefore I cannot assume that a perceptual change (sensu
Dawkins, 1971; Kress, 1973) occurred.

Neither WARE’s (1972) trout, not BEUKEMA’s (1968) sticklebacks, nor
Cichlasoma managuense in this experiment, seem to form a search image in
the strict sense of Dawkins (1971) and Kress (1973).

The influence of age and experience on effective prey
switching.

The ability to switch to novel prey and to alter the feeding mode accord-
ingly, might vary with age and species and hence affect community struc-
ture. Differing abilities to respond to novel prey might lead to
competitive exclusion of the less able predatory species (CROWDER &
Binkowski, 1983).

Ware (1971) found that experience can modify reaction distance.
Familiar prey was attacked at twice the distance of unfamiliar prey. Thus
prey selection in trout might be influenced by experience. BEUKEMA
(1968) observed the same in threespined sticklebacks. Selective predation
by fish, with consequences for the composition of prey in the
zooplankton, has been shown (e.g. Brooks & Dowson, 1965; NoBLE,
1975; Zarer & KEerrort, 1975).

In many studies predators take the largest prey available. RINGLER
(1979) reported that trout prefer larger prey types over smaller alter-
native prey. He noted considerable variability, particularly in ex-
periments in which the fish were first exposed to the novel prey.
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Predators, however, tend to trade off prey size against handling effort
(e.¢. GaLBrAITH, 1967; GARDNER, 1981; GiBson, 1983).

In contrast to studies on optimality, handling effort, and prey-size
selection, the fish in my study could not choose between type or size of
their prey. The two prey were matched in size in order to exclude the ef-
fect noted in previous studies (¢.g. BLAXTER & STAINES, 1972) that the size
ratio of prey to fish will strongly influence the capture success.

Cichlasoma managuense appeared to respond readily to new prey stimuli.
The latency was short in my experiments. Fish with no prior experience
with the novel prey started feeding after about 22 sec, and fish with one
prior experience started after 20 sec. From group 3 on the latency aver-
aged less than 7 sec (Fig. 8). This may suggest that the fry have an open
behavioral repertoire, z.e. responded to a greater variety of novel prey
stimuli.

RINGLER (1979) reported much longer latencies of 5-25 min in food-
experienced trout. RINGLER’s data are similar to Gopin’s (1978), who
also reported latencies of 20 min in trout after switching to new prey.
Both BeukEMA (1968) and WaRE (1971) reported an extended period (of
up to 50 trials) during which the novel prey was ignored by the ex-
perimental fish. Many of GopIN’s experimental fish did not switch to the
novel prey at all. Predators commonly select the type of prey they have
eaten previously when given a choice between a familiar and a novel prey
(RaBiNowrrch, 1968, 1969; RosentHAL, 1969b; CaPrETTA, 1969).
GopiN’s (1978) results, and the reported long latency, may explain a
phenomenon often noted in the fish hobbyist literature: it is difficult to
get old cichlids to feed on a new type of food.

I attribute the substantial differences between the data of RiNGLER
(1979) and Gobin (1978), and those reported here to the large difference
in the age of the experimental fish and possible species-specific dif-
ferences in the ability to switch prey. In older fish, this responsiveness to
novel stimuli is reduced or missing (pers. obs.). This hypothesis seems
to be supported by Bryan (1973) who reported that young trout had less
“training bias’’ and responded faster to novel prey. Older trout,
however, needed experience with a novel type of prey before they would
choose it (Ware, 1971).

Tuomas (1977) proposed that in addition to satiation effects, short
term positive and negative changes in motivation occur following ‘‘cat’’
and ‘‘reject’”’ episodes, respectively. This effect seemed to determine
whether or not sticklebacks ate a particular prey item.

Daphnia seemed a much harder prey to catch than Artemia (MEYER,
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1985, and see below). Therefore, inexperienced fry might be deterred
from preying on harder to catch and handle prey, Daphnia. After a few
trials, however, the fry attained a high capture success when the only
available prey was Daphnia.

Differences in features of the prey.

The capture efficiency at first feeding in Cichlasorma managuense was about
69% when hunting Artemia as opposed to 16% when hunting Daphnia
(MEvER, 1985, 1986).

The differences in morphology and behavior of the prey might have
had a profound influence on the predator’s behavior and consequently
on its capture success (see Introduction). Other factors could be involved.

SUTTERLIN & SUTTERLIN (1971) showed that chemical stimuli may be
important in eliciting strikes by predator.

To the human observer the colors of the prey do not differ strikingly,
although the Artemia appear slightly redder than the Daphnia. Visibility
and color of prey can influence the behavior of the predator (e.g.
KEerFORT & ZARET, 1975; OncucHi, 1978).

Daphnia occurs in the natural habitat of Cichlasoma managuense but
Artemia salina does not. However, the nauplii of Artemia resemble in body
shape the larvae of copepods which co-occur in nature with Cichlasoma
managuense. Furthermore Artemia is more spindle-like while Daphnia is
more oval. Artemia has no natural predators in its hypersaline habitats
and thus the larvae probably have not been selected for effective escape
behavior.

The movement patterns differ between the types of prey: Artemia
nauplii, although ‘‘jumping’’ erratically, move in a more continuous,
predictable fashion and “‘jump’’ shorter distances than do Daphnia. No
escape reponses to the approaching predator was observed in the Artemia.
The movement of the Daphnia, on the other hand, was temporally as well
as spatially more unpredictable. Daphnia seemed able to make a faster,
harder thrust with their antennae than were Artemia. Daphnia also seemed
to notice an approaching predator and often escaped successfully.

This difference in movement patterns and morphology between the
two types of prey may have caused the significant difference in capture
success. Daphnia is more difficult to catch than is Artemia; it also secems
to be harder to handle because the fish spit out the prey repeatedly before
finally swallowing it (MEvER, 1986).
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Summary

With increasing experience with the novel prey, Daphnia, the fish became less hesitant
to atrack Daphnia. The fish took fewer nonprey items per prey item with increased ex-
perience. They also became more efficient in handling the novel prey. There was no in-
dication of the formation of a search image.

~ The multiple regression model revealed that, although the fish grew during the ex-
perimental period, their increased size did not contribute significantly to the increase in
capture success. Contrary to previous studies size did not influence capture success
within the size range used in these experiments.

The individual variation in capture success was large in all groups of Cichlasoma
managuense. The most successful predators were the fish who persistantly attempted to
catch prey and had the highest number of previous experiences with the novel prey. The
morphological variable weight was negatively correlated with capture success, which may
suggest that a hungrier fish is more motivated to prey and a more successful predator.
An increase in eye diameter brought about an increase in capture success, due probably
to an increased visual acuity, hence it may suggest a possible ecological effect of this mor-
phological variable.
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Zusammenfassung

Mit zunehmender Erfahrung mit dem neuen Beuteobjekt Daphnia nahm die Unentschlos-
senheit, eine Beuteattacke zu initiieren, ab und die Fische nahmen weniger Nichtbeute-
objekte auf. Die Effizienz der Behandlung des neuen Beuteobjekts wuchs mit Erfahrung.
Es wird nicht angenommen, dass die Bildung eines Beuteschemas stattfand. Das mehr-
fache Regressionsmodel brachte zum Vorschein, dass die Lange der Fische den Fanger-
folg nicht beeinflusste, obwohl dic Fische wahrend des Experiments wuchsen. Im
Gegensatz zu fritheren Hypothesen wurde hier kein Einfluss der Linge der Fische auf
den Fangerfolg festgestellt.

Die individuellen Unterschiede im Fangerfolg waren grof in allen Gruppen von Cich-
lasoma managuense. Die erfolgreichsten Riuber waren ausdauernd versuchende, beuteer-
fahrene Fische. Dic morphologische Variable “Gewicht”” korrelierte negativ mit
Fangerfolg, was durch eine von erhohtem Hunger erzeugte Motivationssteigerung her-
rithren kénnte. Eine Vergrosserung des Augendurchmessers bewirkte eine Erhohung des
Fangerfolges; die Variable Sehscharfe konnte daher 6kologisch wichtig sein.



