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Abstract. Parental feeding of young is well documented among endothermic vertebrates and social
insects but is rare among fish. Bagrus meridionalis parents feed their young in a manner analogous to
birds and social insects. Females feed trophic eggs to the young and the male burrows to expose benthic
invertebrates for the young to eat. These behaviour patterns and parental defence of the young were
directly observed with remote video-cameras. Division of labour between parents exists not only in the
feeding of the young but also in their defence. Role differentiation in defence of the young was greatest
when the young were subjected to the most attacks from predators. The female attacked and chased
potential brood predators at the edge of the school while the male remained with the brood, executing
more frontal displays. On the other hand, as the young grew older and predation decreased, both
parents engaged in more sex-specific food provisioning behaviour such as egg release by the female and
nest burrowing by the male. Parental role differentiation and monogamy in this species might have
evolved both to enhance the growth rate of the young and to reduce their susceptibility to predation.

The evolution of parental care in fish and patterns
of monogamy have attracted considerable atten-
tion (Keenleyside 1978; Shine 1978; Blumer 1979,
Baylis 1981; Barlow 1984; Gross & Sargent 1985).
Uniparental care is common in species that have
polygynous or polyandrous mating systems.
Among fish, such care is usually provided by the
male (Blumer 1979). On the other hand, biparen-
tal care is common in fish species that have
monogamous mating systems (Blumer 1979;
Keenleyside 1979). The evidence suggests that,
among species exhibiting biparental care, two
parents are needed to protect free-swimming fry
from predators (Keenleyside 1991). Although
rarely examined in fish, however, both parents
may also feed the young to promote growth.
Active parental feeding of young and role dif-
ferentiation are fundamental aspects of parental
care in endothermic vertebrates and social insects
(Wilson 1975). Bird and mammalian parents often
forage and bring food back to their young either
by regurgitating it or directly feeding it to their
young. Social insects may go even further in
producing trophic eggs for their young to con-
sume (Wilson 1971). Among terrestrial verte-
brates, this production of ‘nutritive’ eggs for
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larvae is known for the poison-arrow frog,
Dendrobates pumilio (Weygoldt 1980). The exter-
nal consumption of trophic eggs in fish has been
reported once, by the bagrid catfish, Bagrus
meridionalis (McKaye 1986a).

Despite the interest in comparing fish social
systems to those of other vertebrates (Reese &
Lighter 1978; Keenleyside 1985, 1991; Barlow
1986) the prolonged association of fish parents
and offspring has not been extensively studied in
situ. Field research has focused primarily upon
cichlid fish (Keenleyside 1991) and secondarily
upon catfish (Blumer 1986).

Among cichlids, females generally concentrate
on activities associated closely with the brood,
while males concentrate on defence and repulsion
of predators (Keenleyside 1991). Separate roles
for parents have been reported for several catfish
species (Breder 1932; Fontaine 1944; Rubeck
1975; Blumer 1982, 1985a; McKaye 1986a). How-
ever, no consistent pattern of role differentiation is
apparent among catfish studied to date.

Bagrus meridionalis, which can reach over 1-5m
in length in Lake Malawi, has complex parental
care. Typically both parents defend the young
with the female normally on the outer perimeter

© 1994 The Association for the Study of Animal Behaviour
587

©



588

of the nest and the male in the interior with the
young underneath. Females produce trophic eggs,
and the young also forage upon benthic in-
vertebrates which are obtained by the parents
(McKaye 1986a). Both parents engage in mutual-
istic defence of young cichlid fish (McKaye &
Oliver 1980; McKaye 1985; McKaye et al. 1992),
and have sex-specific roles in the defence of young
from predators (McKaye 1986a). We initiated this
study to determine male and female time budgets
for parental behaviour patterns and to determine
how these change over time.

METHODS

Location and Procedure

We examined nine nests, all of which were
2040 m beneath the surface on the southwest side
of Thumbi Island West, Lake Malawi, Africa
(35°50'E, 14°05'S; see McKaye 1981 for map). We
examined one nest in April 1988, seven between
October and December 1989, and one in January
1990. The longest any one nest was observed was
74 days. We recorded all observations using
underwater video-cameras (RCA model no. CMR
300 with wide angle lens in Jaymar underwater
housing). For nocturnal observations, we used an
automatic timer to switch on the camera and
underwater lights for 55s every 17 min. We
positioned the camera at the edge of each nest and
videotaped all activity between | and 2 h; 69 h of
recordings were made. We divided each 24-h
circadian cycle into three time periods: morning
(0501-1200 hours), afternoon (1201-1900 hours)
and night (1901-0500 hours); during these
periods, we made 24, 16 and eight observations,
respectively. The total number of observations
made on broods were as follows: 11 observations
for young 1-15 days old, 12 for young 1630 days
old, nine for young 31-45 days old, five for young
46-60 days old, and 11 for young greater than 60
days old.

Analysis of Videotapes

We made only a single observation of a nest in
any cell for the 15-cell matrix of age versus time.
We made repeat observations on the nine nests
but always with a unique combination of time
and/or age of young for a given nest. Therefore,
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all observations in a cell were independent. We
recorded the frequency and duration of each
behavioural act performed by the parents in the
nest; durations were determined to the nearest
second, as was the total time that each parent
spent within 50 cm of young. We made pair-wise
comparisons of behaviour patterns exhibited
by parents during each observation period using
the Wilcoxon matched-pairs signed-ranks test
(N=48)., We examined predation upon the brood
by noting both the frequency of predatory attacks
and the victims of those attacks. An attack was
defined as an accelerated charge towards the
brood by a predator. An edited tape of these
recordings is available in the Pennsylvama State
University (PSU) Fish Museum (catalogue no.
2330).

Stomach Analysis of Young in Nest

We made 20 collections every other day from a
brood of B. meridionalis (see Lovullo et al. 1992
for details of analysis}. Of the 57 young whose
stomachs were examined, 21 were between 15 and
30 days old and 36 were older than 30 days. For
the purposes of this study we categorized the food
items into three groups: zooplankton, benthic
invertebrates and trophic eggs.

RESULTS

General Description of Catfish Behaviour
Nest patrol (scene 11, PSU no. 2330)

The fish circles the nest by using its caudal and
pelvic fins. When the young are older than 5
days, the head moves from side to side (120-180°);
cach oscillation of the head lasts approximately
8 5. When the fry are younger than 15 days, the
head moves through a shorter arc (5-120°), and
more rapidly (2-5 s). The head points downwards
at an angle of approximately 25° to the sub-
stratum. A slight forward motion aided by a rapid
movement of pectoral fins often accompanies the
head oscillations.

Hover (scene 10, PSU no. 2330)

The parent stays above the substratum with
little detectable motion. Its ventral and dorsal fins
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are fully spread, and the caudal fin shows a slow
lateral movement.

Attack (scenes 6 and 9, PSU no. 2330)

Both predatory attacks by cichlid fish and
defensive attacks by the catfish parents occur.
Predatory cichlids make quick darts at the fry and
immediately flee (McKaye et al. 1992). Parental
catfish attacks are always directed towards
predators. The parents often strike the predators
with their mouth open, but they do not consume
them. On one occasion, a male attacked a
predator and then spat the apparently dead fish
out of the nest (scene 9, PSU no. 2330).

Chase (scene 6, PSU no. 2330)

Predators are often chased away from the nest,
usually when they have escaped early detection
and have been able to strike at the young in the
nest. Chasing consists of rapid swimming towards
the predator with strong lateral caudal fin
movements,

Stationary (scenc 16, PSU no. 2330)

This behavioural act is similar to hovering, but
instead of hovering in the water column, the
parent descends to the substratum and remains
stationary. During this phase the young are
sheltered and protected beneath the parent.

Frontal display (scene 7, PSU no. 2330)

This act tnvolves swift turning of the head in the
direction of the predator, followed by raising of
the dorsal fin, flexing the pectoral fins and rapid
lateral movement of the caudal fin. All the other
fins become fully spread and the operculum is
flared. There is also a slight forward movement of
the body.

Burrowing (scenes 13, 14 and 15, PSU no. 2330)

The parent points downwards with its mouth
open and then plunges its head into the sub-
stratum at an angle of 30° plowing through the
nest bottom. The parent propels itself from one
side of the nest to the other with rapid quivering
movements of its entire body. These movements
stir and scatter debris throughout the nest. The
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burrowing fish emerges from the other side of the
nest with its head up and continues quivering.
Sand and other benthic materials are expelled
from the mouth and gills. After each digging bout,
the young congregate around the male’s mouth
and gills, and feed on expelled debris.

Egg fanning (scene 18, PSU no. 2330)

During the egg-fanning stage, the male remains
close to the nest bottom near the egg mass. The
male often swims slowly around the nest with his
head pointed downwards rhythmically moving its
pectoral fins to ventilate and clean the eggs.

Egg release (scene 17, PSU no. 2330)

The female hovers | m above the bottom of the
nest, with her fins fully spread and the anal and
caudal fins tilted slightly downwards. Whenever
the female catfish assumes this position, fry (as
many as 20 at a time) swim towards the female,
appreaching her vent at a 50° angle. Young
remain at the female’s vent for about 75 s then
return to the nest. Individual young alternate
feeding at the female’s vent without any overt
aggression. As the first feeders return to the nest
bottom, others move up to replace them. This
behaviour occurs in bouts lasting approximately
3 min, during which time the young consume eggs
released by females (McKaye 1986a).

Quantification of Parental Care Patterns

Females engaged in all behaviour patterns
except egg fanning. Burrowing in the nest by
females, however, was only observed once. Males
engaged in all behaviour patterns except egg
release, and they rarely left the nest (Fig. 1).

Nest patrol

When all observations were summed, parents
spent approximately 30% of their time patrolling
(Fig. 1). There was no variation in the diel pattern
of patrols (Fig. 2a, Kruskal-Wallis test, P>0-05),
nor was there any significant difference between
the sexes mn time spent patrolling (Wilcoxon
matched-pairs signed-ranks test, P>0:05). The
amount of time that both parents spent patrolling
declined with increased age of young (Fig. 2a,
Kruskal-Wallis test, P<0-05).
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Figure 1. Average proportion of time males and females engaged in various types of behaviour with young (V=48

observations/pair).

Hover

Parents spent over 50% of their time hovering
(Fig. 1). The amount of time spent hovering
showed no diel variation (Fig. 2b, Kruskal-Wallis
test, P>0-05), but females spent more time hover-
ing than males did (Wilcoxon test, P<0-05).

The mean length of time females hovered
increased with the age of the brood (Fig. 2b,
Kruskal-Wallis test, P<0-05). Males spent the
most time hovering when the young were 46-60
days old, devoting as much as 80% of their time to
the activity.

Attacking and chasing predators

Both males and females spent approximately
4-5% of the time attacking and chasing potential
predators off the nest (Fig. 1). Some diel variation
in the pattern of chases and attacks existed (Fig.
2¢, Kruskal-Wallis test, P<0-05). Both males and
females spent proportionally more time chasing
and attacking in the afternoon than in the morn-
ing. No attacks on predators were observed at
night. No predators were seen ‘fleeing’, nor did the
parents exhibit any startled response when the
lights came on.

When young were 16-60 days old, females spent
more time attacking and chasing than males did
(Fig. 2¢, Wilcoxon test, P<0-05). When young
were less than 15 days old the amount of time
spent by males and females attacking and chasing
predators was almost identical (Fig. 2c, Wilcoxon
test, P>0-05). When the young were greater than
60 days old, the males spent more time attacking

and chasing predators than the females (Fig. 2c,
Wilcoxon test, P<0-05).

The amount of time parents spent attacking and
chasing varied for both the male and the female
{Kruskal-Wallis test, P<0-05). When young were
less than 15 days old, the amount of time devoted
to attacking and chasing was approximately twice
the rate as when fry were greater than 15 days old
{Fig. 2c). After 15 days, cichlid mothers deposited
their young into catfish broods and defended the
outer perimeter of the nest (McKaye 1985).

Frontal display

During the day, males spent significantly more
time performing frontal displays than females did
(Fig. 2d, Wilcoxon test, P<0-05). There were
variations in the amount of time males devoted to
frontal displays as young grew older (Fig. 2d,
Kruskal-Wallis, P<0-05). Male frontal displays
were most common when young were 15 days old
or less. Thereafter, frontal displays decreased by
50% (Fig. 2d). The amount of time females
devoted to frontal displays was, however, rela-
tively constant throughout the entire brooding
period.

Stationary

Males spent significantly more time stationary
than females (Fig. 2e, Wilcoxon test, P<(-05). For
both sexes, the amount of time spent stationary
varied with the stage of brood development (Fig.
2d, Kruskal-Wallis test, P<0-05). During the first
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Figure 3. Mean ( + sE) time males spent burrowing at
night (M; N=8) and during the day (O0; N=40) at each
interval of fry development.

2 weeks of brood development, only the male
devoted time to this behaviour. The greatest
amount of stationary behaviour was observed
when broods were between 15 and 30 days old.

Burrowing

Males spent significantly more time burrowing
in the nest bottom than females did (Wilcoxon
test, P<0-05). This behaviour was observed only
once in females at night, during the later stages of
brood development. The amount of time males
spent burrowing was three times higher at night
than in daylight. Males burrowed and dug in the
nest bottom with increasing frequency as fry grew
older (Fig. 3). As the male catfish burrowed, the
female swam towards the brood on the nest
bottom possibly shielding them from predators.

Egg release

All observed egg-release bouts by the female
and feeding by young occurred during the late
morning (1000-1200 hours). Approximately 65%
of the egg-releasing activities occurred when cat-
fish broods were between 31 and 45 days old (Fig.
4). Egg releasing was not observed when the
young were less than 15 days old.

Parents away from nest

The total time females spent away from the nest
was four times greater (Fig. 2f, Wilcoxon test,
P<0-05) than the total time males spent away.
Sex-specific diel patterns were evideant in this
activity. Females spent more time away from the
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Figure 4. Mean ( & sg) time for egg release by females.

nest at night (Fig. 2f, Kruskal-Wallis test,
P<0-05). Males spent twice as much time away in
the afternoon as they did during the morning or
night (Fig. 2f, Kruskal-Wallis test, P<(0-05).
Females spent the most time away from the nest
when young were 16-30 days old (Fig. 2f,
Kruskal-Wallis test, P<{0-05).

Parent—offspring interaction

Males were closer to their offspring significantly
(Wilcoxon test, P<0-05) more than females were;
males were within 50 cm of the brood 90% of the
time; whereas, females were this close only 50% of
the time. Males were below females 98% of the
time, and males provided the final defence against
predators.

Brood size declined, due to predation, as young
grew older (McKaye 1985). In the early stages of
brood development, especially during the day, fry
schooled cohesively and foraged on the substra-
tum, remaining beneath the male. With increased
age, the young catfish were more mobile and
foraged throughout the nest, moving in a loosely
packed school. At night, the young catfish were
more active and widely dispersed within the nest
(scene 15, PSU no. 2330).

When a predator approached, the male faced
the predator and moved closer to the school. He
twitched his head and caudal fin slightly, and
raised his pectoral fins. Fry responded by forming
a tightly packed school on the nest bottom
directly under and around the male’s head. The
cichlid fry that were also in the nest occupied the
outer perimeter. Both parents performed frontal
displays that prompted cichlid young to retreat
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Figure 5. Mean ( £SE) number of attacks by cichlid
predators on catfish brood with young of various ages.
(Sample sizes are given in Fig. 4.)

and prevented them from occupying the centre of
the school.

The pattern of predation was bimodal with 90%
of attacks occurring either before 1000 hours or
between 1401 and 1900 hours (McKaye et al.
1992). The highest number of attacks occurred
when young were less than 15 days old; the
number of attacks declined as young grew older
(Fig. 5, Kruskal-Wallis test, P<0-05).

Stomach analysis of young in nest

Of the 21 young examined between 15 and 30
days old, 17 had food in their stomachs, 11 had
eggs, 10 had zooplankton and five had benthic
invertebrates. Of the 36 young older than 30 days,
24 had food in their stomachs, 14 had eggs, four
had zooplankton and 22 had benthic inverte-
brates. Older fry had higher occurrences of
benthic invertebrates than did the young fry,
whereas younger fry had a higher occurrence of
zooplankton (Fig. 6).

DISCUSSION

As in other monogamous care-giving pairs
(Keenleyside 1979; Blumer 1986), division of
labour between male and female B. meridionalis
exists. Male bagrid catfish, unlike New World
cichlids (Rogers 1987; Keenleyside 1991), were in
close proximity to offspring. Males shielded young
from predators by hovering close to the brood,
and in times of danger performed more frontal
displays than females, whereas females attacked
and chased brood predators at the edge of the nest
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Figure 6. Frequency of food items in the stomachs of
catfish young. More than one category of food can occur
in a single stomach.

more than males. In general, more time was spent
by both sexes on defensive parental activities
(patrols, attacks, chases and frontal displays)
during the first 2 weeks than during the rest of
the brooding period (Fig. 2a,c, d). During the
first 2 weeks the fry were subjected to the greatest
number of attacks from predators (Fig. 5).

The two-tiered defence, with males close to the
brood and females on the periphery, is a tactic
that keeps predators away from catfish young
(Rubeck 1975; Wooton & Potts 1984; Blumer
1985b). Because females are larger than males
their size makes them more visible from a distance
and might act to deter potential predators. This
defensive strategy is similar to biparental cichlids,
but the roles are reversed: among the cichlids,
males are larger and are on the periphery
(McKaye 1977, 1986b; McKaye & McKaye 1977;
Perrone 1978; Keenleyside 1991).

In B. meridionalis, both members of the breed-
ing pair actively defended their brood from
potential predators. There was a complex rela-
tionship, however, between males and females in
the manner in which they defended their brood.
In the early stages of brood development, males
spent more time closer to young and devoted
more time to frontal displays (Fig. 2d) than
females did. The brood was a tightly packed
school and remained close to the male. During
this time, females performed defensive and
vigilant behaviour more frequently than males
did. When a predator attacked, females moved
further from their brood to chase predators,
whereas males shielded young from predators.
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The primary male defensive reaction was the
frontal display.

During periods of low predatory activity, one
parent can rest or forage while its mate looks
out for predators (Perrone & Zaret 1979;
Wittenberger & Tilson 1980; Itzkowitz 1986).
Perrone & Zaret (1979) predicted that sex differ-
ences in parental behaviour should be more
apparent during periods of low predation pres-
sure. However, our data are equivocal in support-
ing this prediction and are open to other
interpretations. For example, both parents con-
centrated on sex-specific activities such as nest
burrowing by the male and egg release by the
female as the broods grew older than 15 days
(Figs 3 and 4). Although differentiation in these
behaviour patterns was greater during periods of
low predation, this might be due to the larger
young being able to handle the foods produced by
these behaviour patterns.

When fry were small and fed upon zooplank-
ton, males rarely burrowed (Fig. 6; Perrone &
Zaret 1979; McKaye et al. 1985), but they
increased burrowing activity when young became
older and could consume large food items, such as
chironomids (Fig. 6; McKaye 1986a; Lovullo et
al. 1992). Males also burrowed more frequently
during the night (Fig. 3), when cichlid predators
were Inactive and young were not in danger.
Burrowing reduced visibility by scattering debris
throughout the nest and enabled small pred-
ators to approach undetected. However, as the
young grew in size the daylight occurrence of this
behaviour increased (Fig. 3) as the threat from
predators decreased (Fig. 3).

Burrowing behaviour has been likened to the
food gathering behaviour of bird parents
(McKaye 1986a), and has also been observed
among other fish such as Cichlasoma nigro-
Jasciatum and Cichlasoma panamense (Meral
1973; Townshed & Wootton 1985; Keenleyside et
al. 1990). Females of these cichlid species burrow
in the nest bottom and stir food particles from
the substratum with their quivering movements.
The young forage on these particles (Krischik &
Weber 1975). Immediately after each nest-
burrowing bout by the male catfish, young con-
gregated around the gills and mouth of the male,
feeding on benthic materials. Females were
observed burrowing only once. They fed the fry
primarily by releasing unfertilized trophic eggs
(McKaye 1986a). Unfortunately, with the station-
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ary video, we were unable to observe burrowing
outside the nest (Lovullo et al. 1992). Neverthe-
less, the videos demonstrated that the young never
exited the nest and, therefore, did all of their
feeding in the nest.

Because females are larger, have greater fat
reserves (Blumer 1982), and perhaps forage at
night while away from the nest (Fig. 2g), they may
be in physiologically better condition to provide
more active parental care than males. The amount
of time males spent stationary or resting was
higher than that spent by females (Fig. 2e).
Stationary behaviour probably provides time
for the smaller males to recuperate from more
vigorous activity.

Parental care has two potential benefits: (1) it
increases survival of young and (2) promotes
growth of young (Wittenberger & Tilson 1980;
Gross & Sargent 1985). Parents can ultimately
leave more surviving progeny by producing
smaller broods. Large females can produce more
than 50 000 eggs, yet actually lay approximately
2000-4000 (McKaye 1986a). Enhancing the
growth of young by providing food is an excellent
strategy where predation pressure is intense
(Gross & Sargent 1985). This argument is sup-
ported by the marked decline in predation
pressure with increased age and size of the young
(Fig. 5). The faster the young grow, the shorter
the stage in which they are vulnerable to the full
suite of small cichlid predators, because it is more
difficult for these predators to capture and handle
them.

During our 14 years of observing catfish
broods, we have never seen a lone female guarding
a brood. Approximately 10% of the broods
encountered were tended by lone males. We con-
clude, therefore, that monogamy in this species is
the female’s prerogative and fits Barlow’s (1986)
model for large freshwater species. It appears that
females benefit more from a monogamous re-
lationship, which includes producing and feeding
unfertilized eggs to young, than from polygamous
relationships, in which all of their eggs would be
fertilized by multiple males.

ACKNOWLEDGMENTS
We are grateful to R. E. Barry, J. E. Gates, T.

Kocher, E. van den Berghe and two anonymous
referees for their comments on the manuscript.

©



McKaye et al.: Parental behaviour of catfish

Field assistance and permits from the Malawi
Fisheries and Parks Departments made the entire
study in Lake Malawi National Park possible.
The Department of Biology, Chancellor College
and the Department of Animal Sciences, Bunda
College of Agriculture, University of Malawi pro-
vided logistic support throughout this study. T. J.
Lovullo’s help with the project was invaluable.
Requests for the edited video PSU no. 2330
should be addressed to J.R.S. as Curator, PSU
Fish Museum, Schoo! of Forest Resources,
Pennsylvania State University, State College,
Pennsylvania 16802. We especially thank Joseph
Taylor for helping to add the audio portion to
the edited videotape. The work was supported
by National Science Foundation grant BNS
86-06836, and United States Agency for Inter-
national Development COM-5600-G-00-0017-00.
Contribution 2430-AEL/CEES, University of
Maryland System, Center for Environmental and
Estuarine Studies.

REFERENCES

Barlow, G. W. 1984. Patterns of monogamy among
teleost fishes. Arch. FischWiss., 38, 75-123.

Barlow, G. W. 1986. Comparison of monogamy among
freshwater and coral-reef fishes. In: Indo-Pacific Fish
Biology: Proceedings of the Second International
Conference on Indo Pacific Fishes (Ed. by T. Uyeno,
R. Arai, T. Taniuchi & K. Matsuuri), pp. 767-775.
Tokyo: Ichthyological Society of Japan.

Baylis, J. R. 1981. The evolution of parental care in
fishes with reference to Darwin’s rule of male sexual
section. Environ. Biol. Fish., 6, 223-251.

Blumer, L. §. 1979. Male parental care in the bony
fishes. Q. Rev. Biol., 54, 149-161.

Blumer, L. S. 1982. Parental care and reproductive
ecology of the North American catfish, fctafurus
nebulosus. Ph.D, thesis, Univeristy of Michigan, Ann
Arbor.

Blumer, L. S. 1985a. The significance of biparental care
in the brown bullhead, Icralurus nebulosus. Environ.
Biol. Fish., 12, 231-236.

Blumer, L. S. 1985b. Reproductive natural history of the
brown [fctalurus nebulosus, m Michigan. Am. Midl
Nat., 114, 318-330.

Blumer, L. S. 1986. The function of parental care in the
brown bullhead, Ictafurus nebulosus. Am. Mild Nat.,
115, 234-238.

Breder, C. M. 1932. The breeding of bullheads in
aquarium. N. Y. Zool Soc. Bull, 35, 129-131.

Fontaine, P. A. 1944. Notes on the spawning of the
shovelhead catfish, Pilodictis olivaris. Copeia, 1944,
50-51.

Gross, M. R. & Sargent, R. C. 1985. The evolution of
male and female parental care in fishes. Am. Zool , 25,
807-882.

595

Itzkowitz, M. 1986. Parental division of labor in a
monogamous fish. Behaviour, 89, 251-260.

Keenleyside, M. H. A. 1978. Parental care behavior in
fishes and birds. In: Contrasts in Behavior: Adapta-
tions in the Aquatic and Terrestrial Environment (Ed.
by E. S. Reese & F. J. Lighter), pp. 87-146. New
York: John Wiley.

Keenleyside, M. H. A. 1979. Diversity and Adaptation in
Fish Behavior. Berlin: Springer-Verlag.

Keenleyside, M. H. A. 1985. Bigamy and mate choice in
the biparental cichlid fish Cichlasoma nigrofasciatum.
Behav. Ecol Sociobiol, 17, 285-290.

Keenleyside, M. H. A. (Ed.) 1991. Behavier, Ecology and
Evolution of Cichlid Fishes. London: Chapman &
Hall.

Keenleyside, M. H. A, Bailey, R. & Young, V. H. 1990.
Variation in the mating system and associated paren-
tal behavior of captive and free-living Cichlasoma
nigrofasciatum (Pisces, Cichlidae). Behaviour, 112,
202-221.

Krischik, V. A. & Weber, P. G, 1975, Induced parental
care in male convict cichlid fish. Devi Psychobiol, 8,
1-11.

Lovullo, T. J, Stauffer, J. R., Jr & McKaye, K. R. 1992,
The diet and growth of a Bagrus meridionalis brood in
Lake Malawi, Africa. Copeia, 1992, 1084-1088.

McKaye, K. R. 1977. Competition for breeding sites
between the cichlid fishes of Lake Jiloa, Nicaragua.
Ecology, 58, 291-302.

McKaye, K. R. 1981. Death feigning: a unique hunting
behavior by the predatory cichlid, Haplochromis
livingstoni of Lake Malawi. Environ. Biol Fish., 6,
361-365.

McKaye, K. R. 1985. Cichlid-catfish mutualistic defense
of young in Lake Malawi, Africa. Oecologia (Berl ),
66, 358-363,

McKaye, K. R. 1986a. Trophic eggs and parental for-
aging for young by the catfish, Bagrus meridionalis of
Lake Malawi, Africa, Oecologia ( Berl. ), 69, 367-369.

McKaye, K. R. 1986b. Mate choice and size assortative
pairing by the cichlid fishes of Lake Jiloa, Nicaragua.
J. Fish Biol., 29, 135-150.

McKaye, K. R. & McKaye, N. M. 1977, Communal
care and kidnapping of young by parental cichlids.
Evolution, 31, 674-681.

McKaye, K. R., Makwinja, R. D., Menyani, W. W. &
Mhone, O. K. 1985. On the possible introduction of
non-indigenous zooptankton-feeding fishes into Lake
Malawi, Africa. Biol Cons., 33, 289-307.

McKaye, K. R., Mughogho, D. E. & Lovullo, T. I.
1992. Formation of the selfish school. Environ. Biol.
Fish., 35, 213-218.

McKaye, K. R. & Oliver, M. K. 1980. Geometry of
selfish school: defence of cichlid young by Bagrid
catfish in Lake Malawi, Africa. Anim. Behav., 31,
206-210.

Meral, G. H. 1973. The adaptive significance of terri-
toriality in New World Cichlidae. Ph.D. thesis,
University of California, Berkeley.

Perrone, M. 1978. The mate size and breeding success in
a monogamous cichlid fish. Environ. Biol Fish., 3,

193-201.



596

Perrone, M. & Zaret, T. M. 1979. Parental care patterns
of fishes. Am. Nat., 113, 351-361.

Reese, E. & Lighter, F. J. (Eds) 1978. Contrasts in
Behavior: Adaptations in the Aquatic and Terrestrial
Environment. New York: John Wiley.

Rogers, W. 1987. Parental investment and division of
labor in the midas cichlid, Cichlasoma citrinellum.
Ethology, 79, 126-142.

Rubeck, P. J. 1975. Age, growth, distribution, repro-
ductive behavior, food habits and mercury concen-
trations of the brown bullhead, Icfalurus nebuiosus, in
sections of the Ottawa River near Ottawa and
Hawkesbury, Canada. M.S. thesis, University of
Ottawa, Ontario.

Shine, R. 1978. Propagule size and parental care:
the ‘safe harbor’ hypothesis. J. theor. Biol, 75,
417-424.

Animal Behaviour, 48, 3

Townshed, F. J. & Wootton, R. J. 1985. Variation in the
mating system of a biparental cichlid fish, Cichlasoma
panamense. Behaviour, 95, 191-197.

Weygoldt, P. 1980. Complex brood care and repro-
ductive behavior in captive poison-arrow frogs, Den-
drobates pumilio O. Schmidt. Behav. Ecol. Sociobiol.,
7, 329-332.

Wilson, E. O. 1971. The Insect Societies. Cambridge,
Massachusetts: Belknap Press.

Wilson, E. O. 1975. Sociobiology: The New Synthesis.
Cambridge, Massachusetts: Belknap Press.

Wittenberger, J. F. & Tilson, R. L. 1980. The evolution
of monogamy: hypothesis and evidence. A. Rev. Ecol.
Syst., 11, 197-232,

Wooton, R. I. & Potts, G. W. (Ed.) 1984. Fish Repro-
duction: Strategies and Tactics. Chicago: Academic
Press.



