Behav Ecol Sociobiol (2000) 48:236-242

ORIGINAL ARTICLE

Carsten Schradin - Jirg Lamprecht

© Springer-Verlag 2000

Female-biased immigration and male peace-keeping in groups
of the shell-dwelling cichlid fish Neolamprologus multifasciatus

Received: 1 February 2000 / Received in revised form: 2 May 2000 / Accepted: 5 May 2000

Abstract The small cichlid fish Neolamprologus multi-
fasciatus is endemic to Lake Tanganyika and is unique
among fish because it lives in complex socia groups
with several reproductive males and females, all of
which participate in defending their territory against
neighbors and intruders. Individuals use empty snall
shells for breeding and shelter. Previous parentage analy-
sis using microsatellites suggested occasional exchange
of individuals between groups. In field experiments, we
found that females showed a higher tendency than males
to migrate into territories already occupied by a resident
pair. The phenomenon and causes of female-biased im-
migration were further investigated in aguarium experi-
ments. Nine of 15 females, but only 2 of 15 equally
sized males, settled in territories of established pairs.
Territorial males exhibited more aggression toward
strange males (potential reproductive competitors) than
toward strange females (potential additional mates); their
females were more aggressive toward strange females
(probably competitors for shells) than toward strange
males. Apparently, a conflict exists between the sexes re-
garding the immigration of additional females. This con-
flict seems to be the selective basis for observed active
male interference in aggressive disputes between females
in the territory. Interfemale tolerance in a group was
greater in the male’'s presence than in his absence.

Key words Female-biased immigration - Sexual conflict -
Male peace-keeping - Neolamprologus multifasciatus

Communicated by J. Reynolds

C. Schradin ([ ]) - J. Lamprecht
Max-Planck-Institut fir Verhaltensphysiologie, Seewiesen,
Postfach 1564, 82305 Starnberg, Germany

Present address:

C. Schradin, Anthropologisches Institut und Museum,
Universitat Zurich, Winterthurerstrasse 190,

8057 Zurich, Switzerland,

e-mail: schradin@aim.unizh.ch

Tel.: +41-1-6355446, Fax: +41-1-6356804

Introduction

Complex social systems were initially described and
studied mainly in birds and mammals. However, the
great variety of reproductive strategies and socia sys-
tems more recently found in fishes (e.g., Taborsky 1994;
Wisenden 1999) can offer special opportunities for
studying complex social phenomena because small home
ranges and ease of rearing many species in the laboratory
make them readily amenable to experimental manipula-
tion. Examples of interesting social behaviors studied in-
clude bigamy and mate desertion (Keenleyside 1983,
1985; Triefenbach and Itzkowitz 1998), helping behavior
(Taborsky 1985), adoption (Wisenden and Keenleyside
1994), and mate choice copying (Dugatkin and Godin
1992; Schlupp and Ryan 1997).

The evolution of mating systems is often strongly in-
fluenced by food distribution (e.g., Wrangham 1980;
Davies and Lundberg 1984) and predation risk (e.g.,
van Schaik 1983; Magurran and Seghers 1994). They
largely determine the degree of gregariousness. More de-
tails are usually added to a social system by two types of
conflict: (1) between consexuals over access to mates,
which depends on the operational sex ratio, and can dif-
fer largely between the sexes (Trivers 1972; Emlen and
Oring 1977; Reynolds 1996), and (2) between the sexes
(Davies 1989; Andersson 1994; Magurran and Seghers
1994; Clutton-Brock and Parker 1995; Henson and
Warner 1997). These may lead to coercion and other
ways of limiting the partner’s options. Resultant social
systems can be very diverse and variable (e.g., Lott
1991).

We studied sex differences of Neolamprologus multi-
fasciatus with regard to immigration into territories of
established pairs, and the resident males' and females
behavior towards male and female intruders, to search
for intra- and intersexual conflicts, which are likely to
have shaped the complex social system of this fish. N.
multifasciatus is endemic to Lake Tanganyika (Africa),
and is probably the smallest cichlid fish. Males grow up
to 3 cm in length, females to just over 2 cm in the wild,



where the species lives in complex socia groups (Kohler
1997), which conform to what Emlen (1995, 1997) has
defined as “extended families’: they are “families’ in the
sense that offspring remain in contact with their parents
beyond sexual maturity and are called “extended” be-
cause “two or more relatives of the same sex reproduce”
within the group (Emlen 1995, p. 8,093). This fish lives
in groups with several reproductive males (one to three)
and females (one to five) and their offspring, often from
several clutches. Group members tend to join in defense
of their territory against neighboring groups and intrud-
ers.

N. multifasciatus occurs most commonly on so-called
shell-beds (Cohen 1989), i.e., accumulations of empty
shells of the endemic water snail Neothauma, often
spread over many square kilometers. They use empty
snail shells for breeding and shelter (see also Bischer
1986; Staeck and Staeck 1991). Where the shells are
covered with a layer of sand, as is the case in many ar-
eas, they must be dug up before use, i.e., the fish carry
mouthfuls of sand from the shells in the center to the ter-
ritorial boundary. A group territory consists of a depres-
sion or pit in the sand, containing a number of excavat-
ed, intact shells, generally exceeding the number of adult
individuals in the group. Group territories are situated
next to each other, forming large colonies. Individuals
feed on plankton in the water column above the territory
(Kohler 1997).

Intact and unoccupied shells are a scarce resource for
two reasons. (1) shells that are already dug up are always
inside aterritory, which is defended by the group against
intruders, and (2) encounters with predators are frequent
and prevent digging for shells outside the colony (Kohler
1997). Females in a group compete for large numbers of
shells (probably for future use by their offspring) and de-
fend individual subterritories within the group against
one another (C. Schradin and J. Lamprecht, unpublished
results).

DNA analysis using three independent microsatellite
loci (Kohler 1997) revealed that reproductive males were
often close relatives, that some (11 of 41) adult females
were possible daughters of the main reproductive (a pha)
male, and that females produced offspring with their fa-
thers or brothers. But there also was some evidence (un-
related males, unrelated females) suggesting eventual ex-
change of individuals between groups.

The evolution of the social system of N. multifascia-
tus raises several questions about the impact of intra- and
intersexual conflicts and the factors that determine the
outcome. We set out to investigate the following:

(1) Do maes and females differ in their propensity
and/or ability to immigrate into foreign territories?
(2) Can such sex differences, if they occur, be explained
by different reactions of territory owners toward in-
truders of different sex? This would be the case if
only one sex showed intrasexual intolerance. Yet
intrasexual conflict might also be symmetricdl, i.e.,
males expelling males and females expelling fe-
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males, which would not explain eventual sex-biased
immigration.

Can the males (as alpha males are always larger and
stronger than their females, Kohler 1997) influence
their females' aggressive behavior toward intruders?
This would explain female-biased immigration. In
another shell-dwelling cichlid of Lake Tanganyika,
Lamprologus ocellatus, Walter and Trillmich (1994)
found that males usually managed to maintain their
harems of two hostile females by interfering in their
agonistic interactions. In N. multifasciatus, too, this
would (1) indicate an intersexual conflict over ac-
ceptance of members of a particular sex, and (2)
show that males can express their own propensity
toward polygyny against the females rejection of
competitors (probably for shells).

3

Methods

Fish, shells, and behaviors

The fish in the laboratory experiments were F1 and F2 descen-
dants of wild-caught N. multifasciatus from a shell-bed population
near Musende Bay at the southern end of Lake Tanganyika (Zam-
bia). They were of different sizes and their ages were unknown.
Before the experiments, they were kept in two 500-1 tanks in
groups of 60—70 individuals. The bottoms of these tanks were cov-
ered with a layer of fine white sand averaging 3 cm in depth. No
shells were supplied in order to reduce territorial aggression. The
experiments were performed in tanks of 234 | (656060 cm),
the bottoms covered with 3 cm of fine white sand. There was a
12:12 h light:dark schedule. During experiments, the fish were fed
Artemia nauplia daily.

The standard length of each fish was measured (from the tip of
the head to the end of the spinal cord; Nelissen 1992) and the sex
determined by genital inspection (Kohler 1997). All fish were
adult. Adult N. multifasciatus have dark-brown vertical stripes
which immature fish lack. All fish could be recognized individual-
ly from variationsin their stripe pattern.

All empty snail shells were imported from Lake Tanganyika
and belonged to the species Neothauma tanganicense. Their
height was measured as the maximum extension along the axis.
The shells were placed inside a steel ring with a diameter of
25 cm. Thering was used to standardize territory size.

The following aggressive behaviors were recorded (Baerends
and Baerends-van Roon 1950; Nelissen 1991; Lamprecht and
Rebhan 1997): fast approach; display (corresponds to frontal and
lateral display); tail-beating; pushing; biting, and mouth fighting.
For each action, the actor and the recipient were recorded. When
two or more individuals exchanged behaviors within less than 3 s,
this was recorded as an interaction.

Statistics

Non-parametric tests were applied throughout (Siegel and
Castellan 1988), and two-tailed P-values calculated. The term
“Fisher test” is employed for Fisher’s exact probability test, and
“Wilcoxon test” for the Wilcoxon matched-pairs signed-ranks test.

Sex-biased immigration
The following experiments were performed to test whether male

and female N. multifasciatus differed in their propensity and/or
ability to immigrate into territories of pairs.
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Field experiment

While scuba diving in a N. multifasciatus colony during October
and November 1997 in the northern bay of Nkumbula Island at the
southern end of Lake Tanganyika, we set up “immigration territo-
ries” of two types along the edges of the colony and at distances of
2 m or more from one ancther. For “old” territories (n=6), a mar-
ginal territory was chosen, which contained only one adult resi-
dent male and one adult female (in two cases, the second female
was removed), and 7-10 shells of medium size (45-50 mm shell
height) — to attain about 20 usable shells in each territory — were
added to create an immigration incentive for neighbors. “New”
territories (n=10), approximately alternating with “old” territories
aong the colony boundary, were created at less than 20 cm from
the nearest colony territory (containing at least five adults) by dig-
ging out a depression in the sand and supplying it with 20 shells,
many of them large (a height of >50 mm). In both types of territo-
ry, the shells were arranged with their openings above the sand.
Daily checks and the final collection of al shells (and individuals)
after 13 days revealed the number and types of individuals (and
species) which had immigrated into these territories.

Statistical analysis was conducted at the level of territories, as
immigration events into one territory are more dependent on each
other than on immigration eventsinto different territories.

Aquarium experiment

Fifteen pairs were established in experimental tanks, each pair
with aterritory of 20 shells. We used this large number of shellsin
order to reduce competition for them and increase the chances of
immigration by strangers. An opague PVC wall (34x25 cm) in
each tank at a distance of 20 cm from the tank wall provided a
hiding place for introduced strangers. The wall did not offer com-
plete protection, as residents could also swim behind it.

Three days after a pair had been put into the tank and both fish
proved to have become resident by staying inside the stedl ring, a
unfamiliar fish was introduced. As body size is an important deter-
minant of dominance in fish (Barlow and Ballin 1976; Nelissen
1992), the chosen stranger was always smaller than the female of
the pair, which again was smaller than her male mate. Thus, immi-
gration success was made dependent on tolerance by the pair rather
than dominance of the stranger. After the stranger had been added,
observations were conducted on a daily basis until the stranger im-
migrated, but not for longer than 10 days. Ten pairs were observed
twice dally for 30 min. The last five pairs were observed for
15 min once a day, because it had become clear by then that this
was a sufficient interval to establish whether or not the stranger had
immigrated. During the observation, the location of the stranger was
recorded every 30 s. Three types of location were defined, with the
head of the fish as the reference point: (1) within a snail shell, (2)
inside the steel ring, but outside shells, (3) outside the steel ring.

A stranger was considered to have immigrated when it stayed
in location type 2 on 3 consecutive days during at least 30% of the
records. The criterion of 30% may seem insufficient, yet pair
members also spent much time outside the steel ring, especialy
when digging, i.e., moving sand to the margin of the territory, and
when defending the territory, which was in fact much bigger than
the steel ring. All observed strangers spent either more than 30%
of records in location type 2 (then termed immigrated or settled)
or less than 10% — then interpreted as not (yet) immigrated. An
additional criterion which had to be met by a successful immigrant
was that during the 3 days with 30% of records in location type 2,
both members of the resident pair were seen at least once outside
their shells with the stranger, but not chasing it away.

After this first observation period, each pair was transferred to
another tank with no shells but with other fish for 4 days to pre-
vent it from achieving breeding condition [which would probably
ater the aggressive motivation of the pair, as demonstrated in an-
other shell-dwelling cichlid, L. ocellatus, by Walter and Trillmich
(1994)]. After this break, each pair was put back into its tank.
Three days later, another stranger (different in sex from the first
one) was introduced as a potential immigrant. Observations were

made as in the first period. Each pair, in two different observation
periods, was confronted with a male and a female stranger. For
eight pairs, the first stranger was a male, for the other seven pairs,
afemale. The two strangers of a pair were of about the same size
so that differences in immigration success could not be attributed
to size differences (P=0.473, Wilcoxon test, n=15).

All interactions between the individuals were recorded. Behav-
iors (see above) were recorded as events, as it was not possible to
record duration in interactions of three individuals. We also re-
corded how often the resident male interfered in aggressive inter-
actions between the resident female and the (male or female)
stranger. An intervention was defined as the resident male show-
ing an aggressive act toward the resident female less than 3 s after
she had attacked the stranger (strangers did not attack residents).
For four pairs, no male interactions were observed, which reduced
the effective sample size in the Wilcoxon test to 11.

Differences in aggression toward male and female strangers

A pair was established in each of 12 tanks. Each pair had aterrito-
ry with 20 shells. For each pair, an unfamiliar male and an unfa-
miliar female of about the same size were chosen. Each stranger
was used in all sessions with one pair only. The male and femae
strangers of a pair did not differ in size (Wilcoxon test, T=30,
n=12, P=0.432). The male and female of each resident pair were
tested separately to avoid mutual interactions (e.g., male interven-
tions in aggressive female-female interactions, see above), by re-
moving one partner in its shell to another tank.

Strangers were presented in a glass container (10 cm high and
8 cm in diameter on a 1-cm pedestal to prevent hiding on the bot-
tom), which was placed adjacent to the steel ring surrounding the
shells. An observation lasted 10 min and began when the territori-
a fish came out of its shell. The frequencies of tail-beating, push-
ing, and biting of the territorial fish were recorded as was the total
time of display shown toward the stranger.

Eight tests were conducted with each resident individual, four
with the strange male and four with the strange female (paired da-
ta). Data for each resident were later summed up both for the pre-
sentations involving the male and those involving the female
stranger. Presentation of the strange male and female was alternat-
ed. Half of the fish were tested with a strange male, the other half
with a strange female first. Each resident was tested only once a
day.
For 2 of the 12 pairs, only the female could be tested as the
male was too shy, i.e., he dways remained in his shell during ob-
servation periods. Not all residents showed all aggressive behavior
patterns. Thus, for some comparisons, the sample size in the
Wilcoxon test was reduced due to the lack of response.

All comparisons were made with the Wilcoxon matched-pairs
signed-ranks test. Standard Bonferroni adjustment of significance
levels (Rice 1989) was applied when four measures of behavior
were simultaneously tested in males or females. Significance lev-
els of Wilcoxon tests are given as P, Bonferroni-adjusted signifi-
cance levelsasP'.

Male peace-keeping

Six groups consisting of two females and one male were estab-
lished in experimental 234-1 tanks, each group with a territory
containing ten shells. Two sessions were staged for each group
(paired data): during one session the male was in the territory, dur-
ing the other he was removed (with his shell) and kept in another
tank. Before observation with the male present, another empty
shell was removed from the tank to keep confounding factors in
the two sessions as constant as possible. In the first sessions of
three groups, the males were present, in the first sessions of the
other three groups, the males were absent. Observations lasted
30 min and began when all animals had emerged from their shells.
All interactions between individual s were recorded.

After the second session, the male was removed from the tank
permanently, and the following days were spent observing (for



15 min each day) whether or not both females remained resident
in the territory. When one female spent less than 30% of the re-
cords inside the steel ring (and thus considered no longer resi-
dent), the male was replaced into the tank, and observations were
made as to whether this female became resident again. The male-
removal experiment was performed with an additional seventh
group.

Results and discussion
Sex-biased immigration
Field experiment

N. multifasciatus immigrated into three of the six “old”
territories (occupied by a pair) and six of the ten “new”
(empty) territories. There was a significant difference be-
tween territory types in the proportion of territories with
immigration by males (P<0.02, Fisher test): “old” terri-
tories (three of three) experienced immigration by (one
or more) females, never by males; “new” territories (six
of six) experienced immigration by one or more males
with or without females, and never by females only. The
proportions of territories with immigrant females did not
differ between territory types (P=0.50, Fisher test), i.e.,
females immigrated into al three “old” territories, and
into four of the six “new” territories with immigration.
Many of the “immigration territories’ already con-
tained new fish on the day after manipulation. Of the 25
immigrants finally collected, 8 were adult males, 11
were adult females, 1 was a (not fully striped) subadult
female, and 5 were unstriped, but relatively large, juve-
niles of more than 17 mm standard length. No other ju-
veniles were found in the “immigration territories.” Ap-
parently, some adult N. multifasciatus group members do
emigrate when opportunities become available; the dem-
onstrated female bias in immigration could be due to the
males lower tendency or ability to immigrate into terri-
tories already occupied by a pair. The first result pre-
cludes the possibility that the observed female bias in
immigration is simply a consequence of a female-biased
sex ratio [which was 94 females/66 males for the adult
individuals counted by Kohler (1997) in 46 groups].

Aquarium experiment

Neither the male nor the female stranger immigrated into
the territories of 5 of the 15 pairs and both strangers im-
migrated into the territory of one pair. This reduced ef-
fective sample size for the binomial test (testing whether
male or female strangers immigrated more often into a
territory) to nine. In one of these territories, only the
male stranger immigrated, in eight of them, only the fe-
male stranger immigrated. This resulted in a significant
predominance of female immigration into foreign territo-
ries (binomial test, X=1, n=9, P=0.04). This result an-
swers our first question, and demonstrates a higher ten-
dency or ability of females compared with males to im-
migrate into a pair’sterritory.
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Fig. 1 Percentage of aggressive interactions by the resident fe-
male in which the resident male intervened. Interactions involving
strange males are on the left, and interactions involving strange fe-
males are on the right. Values for each resident female (n=11) are
connected by a line. The filled squares and broad line represent
four females with equal values

For 11 of the 15 pairs, the resident male was often ob-
served to interfere in aggressive interactions between the
female and the stranger, and the males interfered in a
higher percentage of aggressive interactions of their fe-
males with strange females than with strange males
(Wilcoxon test, T=9, n=11, P<0.05; Fig. 1). This relates
to our question 3, yet only shows the males' differential
behavior and not its effect on the females.

Differences in aggression toward male
and female strangers

No habituation in the response toward the presented
strangers was observed, probably due to the short pre-
sentation time. Territorial males displayed to strange
males for significantly longer than to strange females
(T=3, n=10, P<0.01, P<0.05; Fig. 2a). The median
against strange males was 117 s [first/third quartiles (Q):
73/322], against strange females 67 s (Q: 27/210). Males
also showed more tail-beating against strange males
(median: 0.5, Q: 0/1) than against strange females (medi-
an: 0, Q: 0/0), though not significantly so (T=0, n=5,
P=0.062); there were, however, no differencesin the fre-
guencies of biting (T=9, n=9, P>0,1) or pushing (T=21,
n=9, P>0.2).

Territorial females showed more pushing against
strange females (median: 4.0, Q: 2.8/8.8) than against
strange males (median: 2.8, Q: 0.4/3.6; T=3, n=10,
P<0.01, P’<0.05). They aso displayed longer against
strange females (median: 171 s, Q: 32/448) than against
strange males (median: 112 s, Q: 19/333) and showed
more tail-beating (median against strange females 2.0,
Q: 0.8/8.0, median against strange males 1.2, Q: 0.4/2.4),
though not significantly so (for display: T=7, n=11,
P<0.02, P>0.05; Fig. 2b; for tail-beating: T=4.5, n=10,
P<0.02, P>0.05), and there was no difference in the fre-
guency of biting (T=9, n=9, P>0.2).
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Fig. 2a,b Display (min in 40 observation min) shown by residents
against strange males (left) and against strange females (right).
The values of each resident are connected with a line. a Resident
males (n=10). b Resident females (n=11)

Territorial females showed tail-beating against strange
females more often than did their males, but the
difference was not significant (T=0, n=7, P<0.02,
0.08>P’>0.05). The median for females was 2.0 (Q:
1.2/8.0), for males 0 (Q: 0/0). There was no difference
between mates in duration of display (T=18, n=10,
P>0.2), frequencies of pushing (T=18.5, n=10, P>0.3)
and biting strange females (T=9, n=7, P>0.9).

Territorial females showed more aggressive behavior
against strange females, which are probably competitors
for shells, than against strange males. Territoria males
were more aggressive againgt strange males (reproductive
competitors) than against strange females (additional
mates). Territorial females were more aggressive than their
mates against strange females, but this difference was not
significant. The results suggest intrasexual conflict in both
sexes, as mentioned in connection with question 2 (Intro-
duction), but do not offer an explanation for the female-bi-
ased immigration observed in our first experiments.

Male peace-keeping

In our aguarium experiments on sex-biased immigra-
tion, males were shown to interfere in female-femae-
aggression within their territory, and so the peace-
keeping experiment (see Methods) was designed to test

whether female-female aggression is actually reduced by
the presence of the male.

There were significantly fewer aggressive female-
female interactions when the male was present than
when he was removed (Wilcoxon test, T=0, n=6,
P<0.05). The median of aggressive female-female inter-
actions in the presence of the male was 0 (Q: 3/0), in the
absence of the male, 4 (Q: 10/4).

If both females were resident in the territory indepen-
dent of the presence of the male, they would be expected
to remain resident after the male was removed. Yet in six
of the seven groups, one female left the territory after
male removal. This result differs significantly from the ex-
pectation that no female would be expelled (Kolmogorov-
Smirnov one-sample test, D=0.857, n=7, P<0.01).

Males were put back into the six groups with only one
female still resident in the territory. In two of these six
groups, the male did not become resident again within
the following 2 weeks (i.e., was never seen for more than
30% of the 30-s records within a 15-min observation pe-
riod inside the steel ring). In these two groups, the sec-
ond female also did not become resident again. In the
other four groups, the male became resident again, and
here the evicted females regained residence too. If fe-
males had left the territory regardliess of male presence,
they would not have been expected to regain residence
upon male return, yet the result significantly differs from
this expectation (Kolmogorov-Smirnov one-sample test,
D=1.000, n=4, P<0.01).

General discussion and conclusions
Intra- and intersexual conflicts

In answer to the first question in the Introduction, whether
there is a sex difference in the propensity and/or ability
to immigrate into foreign territories, females proved
more likely than males to immigrate into established
groups in both the laboratory and the field setting. In the
second question, we asked whether there is an indication
of intrasexual conflict. In the temporary absence of their
mates, resident females showed more aggressive behav-
ior toward strange females than toward strange males,
while resident males were more aggressive against male
than against female intruders. Thus, there does appear to
be intrasexual conflict in both sexes, which offers, how-
ever, no explanation for the female bias in immigration
tendency. A conflict between the sexes, as addressed in
the third question, was revealed when males interfered in
female-female aggression by attacking the aggressor,
i.e., theresident female. This male behavior was the like-
ly cause of greater interfemale compatibility in the pres-
ence than in the absence of the male.

Fitness prospects for males and females

The reproductive success of a male is limited to a large
extent by the number of females with which he can mate.



Therefore, additional femalesin a N. multifasciatus terri-
tory may constitute a reproductive advantage for the
male.

Even in an artificial territory containing as many as
ten shells and only two females, the residency of two fe-
males was often dependent on the male’s presence. This
suggests competition between females over some re-
source in the territory, and therefore fitness costs to a fe-
mal e through the presence of another female. The inter-
pretation that the female who left the territory was not
expelled by the other female, but was searching for a ter-
ritory including a male for breeding, is very unlikely. In
this case, both females should have left the territory. In
the field, afemale leaving a territory without emigrating
at the same time into another (probably neighboring) ter-
ritory is most likely to be eaten by a predator, due to the
lack of ashell as protection shelter (Kohler 1997).

The males of a group provide no direct brood care for
the young of a particular female. However, they defend
the whole territory against predators and intruders, and re-
move sand from anywhere within the territory (indirect
paterna care; for comparison between direct and indirect
paterna care see Kleiman and Malcolm 1981). Thus male
services are “nondepreciable” (i.e., do not decrease with
an increasing number of applicants;, see Clutton-Brock
1991, p. 8) and therefore cannot be a source of conflict.
However, intact snail shells in the territory seem to be
a “depreciable” resource, and we have behavioral evi-
dence for the females attempts to secure many shells
(C. Schradin and J. Lamprecht, unpublished results). Sur-
plus shells besides the home shell are probably future set-
tling sites for a femal€'s offspring. Initially, the young re-
side in their mother's home shell, yet after reaching a
length of about 10 mm, each young starts to defend a shell
of its own (U. Kohler, persona communication). The
more females in a territory, the fewer shells will be avail-
able for the young of a particular female, hence the lower
afemal€e's reproductive prospects, as young without shells
are likely to be caught by a predator sooner or later.

Conflict between the sexes on immigration
of additional females

In our laboratory experiment with one female and 20
shellsin amale territory, the resident females were much
more aggressive than the males toward strange females.
This difference between the sexes would be expected on
the basis of the different fithess consequences of addi-
tional females.

Despite some possible benefits from “safety in num-
bers effects” or cooperation, males will gain extra profit
through recruitment of additional mates and the optimum
female number will always be lower for a female. Even
if individual females lose a fraction of their reproductive
prospects when new females settle, the total number of
offspring produced in the group (and sired by the male!)
may still increase. When this increase comes to an end,
the male's optimum number of femalesis reached.
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Similar to the findings of Walter and Trillmich (1994)
in the (sometimes) polygynous shell-dwelling cichlid L.
ocellatus, N. multifasciatus males were also capable of
reducing the amount of female-female aggression, most
probably by the observed male interventions.

Female-female aggression is also a common phenom-
enon in passerine birds, where it seems to reduce settle-
ment of secondary females in male territories (Slagsvold
et a. 1992, 1999; Kempenaers 1994; Karlsen and
Slagsvold 1997; Iwasa and Harada 1998). Great tit
(Parus major) females show a high degree of aggression
toward a female presented in a cage. Females are more
aggressive against strange females than against strange
males (Slagsvold 1993). But while great tit females can
prevent other females from settling and thereby defend a
monogamous social system against the polygynous ten-
dencies of their males, female-female aggression in
N. multifasciatus is largely inhibited by male “peace-
keeping behavior,” which alows a polygynous social
system in favor of the male's tendencies.

For female birds the critical resource seems to be di-
rect paternal care and females that share their mate with
another female receive less paternal care for their off-
spring and may have fewer surviving offspring (Pinxten
et a. 1993; Kempenaers 1994). Anaogous to Davies
(1989) who pointed out that passerine females will resist
settlement of additional females if their presence would
lead to a decrease in reproductive output, we interpret
the observed female-female aggression in N. multifascia-
tus as an indication of reduced female fitness when addi-
tional females settle in the male territory. For N. multi-
fasciatus females, the critical resource seems to be the
snail shells, probably as living quarters for future off-
spring. In the closely related, but not shell-dwelling,
cichlid, Lamprologus brichardi, the critical resource for
females also seems to be the quality of the territory, and
not of the male, and thus female defense polygamy (Em-
len and Oring 1977) is sometimes observed instead of
the usual monogamous social system of this species
(Limberger 1983).

Acknowledgements We should like to thank Redouan Bshary,
Uwe Kohler, John Reynolds, Michael Taborsky, Wolfgang Wick-
ler, and an anonymous referee for helpful comments on earlier
versions of the manuscript. J.L. is especialy grateful to Jeanne
and Chris Blignaut at Mpulungu (Zambia) for their generous hos-
pitality during the field observations in autumn 1997. We declare
that the experiments performed in this study comply with the laws
of Germany and Zambia.

References

Andersson MB (1994) Sexual selection. Princeton University
Press, Princeton, NJ

Baerends GP, Baerends-van Roon JM (1950) An introduction to
the study of the ethology of cichlid fishes. Behaviour Suppl 1

Barlow GW, Ballin PJ (1976) Predicting and assessing dominance
from size and coloration in the polychromatic Midas cichlid.
Anim Behav 24:793-813

Buscher HH (1986) Ihr Lebensraum sind Ruinen: Verhaltensstu-
dien an Lamprologus multifasciatus und Telmatochromis spec.



242

aff. vittatus im Tanganjikasee. Dtsch Aquarien Terrarienz
39:155-158

Clutton-Brock TH (1991) The Evolution of parental care. Prince-
ton University Press. Princeton, NJ

Clutton-Brock TA, Parker GA (1995) Coercion in animal societ-
ies. Anim Behav 49:1345-1365

Cohen AS (1989) The taphonomy of gastropod shell accumulation
in large lakes: an example from Lake Tanganyika, Africa
Paleobiology 15:26-45

Davies NB (1989) Sexua conflict and the polygamy threshold.
Anim Behav 38:226-234

Davies NB, Lundberg A (1984) Food distribution and a variable
mating system in the dunnock Prunella modularis. J Anim
Ecol 53:895-912

Dugatkin LA, Godin JGJ (1992) Reversal of female mate choice
by copying in the guppy Poecilia reticulata. Proc R Soc Lond
B 249:179-184

Emlen ST (1995) An evolutionary theory of the family. Proc Natl
Acad Sci USA 92:8092-8099

Emlen ST (1997) Predicting family dynamicsin social vertebrates.
In: Krebs JR, Davies NB (eds) Behavioural ecology, 4th edn.
Blackwell, Oxford, pp 228-253

Emlen ST, Oring LW (1977) Ecology, sexual selection, and the
evolution of mating systems. Science 197:215-223

Henson SA, Warner RR (1997) Male and female alternative repro-
ductive behaviors in fishes: a new approach using intersexual
dynamics. Annu Rev Ecol Syst 28:571-592

lwasa Y, Harada Y (1998) Female mate preference to maximize
paternal care. II. Female competition leads to monogamy. Am
Nat 151:367-382

Karlsen R, Slagsvold T (1997) Aggression of female pied fly-
catchers Ficedula hypoleuca towards caged conspecific female
intruders. Fauna Norv Ser C Cinclus 20:39-47

Keenleyside MHA (1983) Mate desertion in relation to adult sex
ratio in the biparental cichlid fish Herotilapia multispinosa.
Anim Behav 31:683-688

Keenleyside MHA (1985) Bigamy and mate choice in the biparen-
tal cichlid fish Cichlasoma nigrofasciatum. Behav Ecol Socio-
biol 17:285-290

Kempenaers B (1994) Polygyny in the blue tit: unbalanced sex ra-
tio and female aggression restrict mate choice. Anim Behav
47:943-957

Kleiman DG, Malcolm JR (1981) The evolution of male parental
investment in mammals. In: Gubernick DJ, Klopfer PH (eds.)
Parental care in mammals. Plenum, New York, pp. 347-387

Kohler U (1997) Zur Struktur und Evolution des Sozialsystems
von Neolamprologus multifasciatus (Cichlidae, Pices), dem
kleinsten Schneckenbuntbarsch des Tanganjikasees. PhD the-
sis, Ludwig-Maximilians-Universitét Minchen

Lamprecht J, Rebhan T (1997) Factors influencing pairbond sta-
bility in convict cichlids (Cichlasoma nigrofasciatum). Behav
Process 39:161-176

Limberger D (1983) Pairs and harems in a cichlid fish, Lamprolo-
gus brichardi. Z Tierpsychol 62:115-144

Lott DF (1991) Intraspecific variation in the social system of wild
vertebrates. Cambridge University Press, Cambridge, UK

Magurran AE, Seghers BH (1994) Risk sensitive courtship behav-
ior in the guppy, Poecilia reticulata. Behaviour 112:194—
201

Nelissen MHJ (1991) Communication. In: Keenleyside MH (ed)
Cichlid fishes: behaviour, ecology and evolution. Chapman &
Hall, London, pp 225-240

Nelissen MHJ (1992) Does body size affect the ranking of a cich-
lid fish in a dominance hierarchy? J Ethol 10:153-156

Pinxten R, Eens M, Verheyen RF (1993) Male and female nest at-
tendance during incubation in the facultatively polygynous
European starling. Ardea 81:125-133

Reynolds JD (1996) Animal breeding systems. Trends Ecol Evol
11:68-72

Rice WR (1989) Analyzing tables of statistical tests. Evolution
43:223-225

Schaik CP van (1983) Why are diurnal primates living in groups?
Behaviour 87:120-144

Schlupp I, Ryan MJ (1997) Male sailfin mollies (Poecilia latipin-
na) copy the mate choice of other males. Behav Ecol 8:
104-107

Siegel S, Castellan MJ (1988) Nonparametric statistics for the be-
havioral sciences. McGraw-Hill, New York

Slagsvold T (1993) Female-female aggression and monogamy in
great tits Parus major. Ornis Scand 24:155-158

Slagsvold T, Amundsen T, Dale S, Lampe H (1992) Female-fe-
male aggression explains polyterritoriality in male pied fly-
catchers. Anim Behav 43:397-407

Slagsvold T, Dale S, Lampe HM (1999) Does female aggression
prevent polygyny? An experiment with pied flycatchers
(Ficedula hypoleuca). Behav Ecol Sociobiol 45:403-410

Staeck L, Staeck W (1991) Verhaltensbeobachtungen an Schnec-
kenbuntbarschen. Praxis Naturwiss (Biol) 40:26-33

Taborsky M (1985) Breeder-helper conflict in a cichlid fish with
broodcare helpers: an experimental analysis. Behaviour
95:45-75

Taborsky M (1994) Sneakers, satellites, and helpers: parasitic and
cooperative behavior in fish reproduction. Adv Study Behav
23:1-100

Triefenbach F, Itzkowitz M (1998) Mate switching as a function of
mate quality in convict cichlids, Cichlasoma nigrofasciatum.
Anim Behav 55:1263-1270

Trivers RL (1972) Parenta investment and sexual selection. In:
Campbell B (ed). Sexual selection and the descent of man. Al-
dine, Chicago, pp 136-178

Walter B, Trillmich F (1994) Female aggression and male peace-
keeping in a cichlid fish harem: conflict between and within
the sexes in Lamprologus ocellatus. Behav Ecol Sociobiol
34:105-112

Wisenden BD (1999) Alloparental care in fishes. Rev Fish Biol
Fisheries 9:45-70

Wisenden BD, Keenleyside MHA (1994) The dilution effect and
differential predation following brood adoption in free-ranging
convict cichlids (Cichlasoma nigrofasciatum). Ethology 96:
203-212

Wrangham RW (1980) An ecological model of female-bonded pri-
mate groups. Behaviour 75:262-300



