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Neolamprologus pulcher is a cooperatively breeding cichlid fish, in which helpers stay in their natal territory and help with brood
care, territory defense, and maintenance. In this study we investigated helper effects by an experimental group size reduction in
the field. After this manipulation, focal helpers in reduced groups tended to feed less, and small helpers visited the breeding
shelter significantly more often than same-sized helpers in control groups. No evidence was found that remaining helpers
compensated for the removed helpers by increasing territory defense and maintenance behavior. Breeders, however, did show
a lower defense rate, possibly caused by an increase in brood care effort. Survival of fry was significantly lower in removal than
control groups, which provides the first experimental proof in a natural population of fish that brood care helpers do effectively
help. The data suggest that in small, generally younger, helpers, kin selection may be an important evolutionary cause of
cooperation. Large helpers, however, who are generally older and less related to the breeders than small helpers are suggested to
pay to be allowed to stay in the territory by helping. All group members benefit from group augmentation. Key words: cooperative
breeding, group size reduction, helping behavior, Lake Tanganyika cichlids, reproductive success. [Behav Ecol 16:667–673 (2005)]

In at least 3% of bird and mammal species and in some
fishes, offspring remain with their parents and help to rear

kin, often even after they are sexually mature (Brown, 1987;
Taborsky, 1994). This is an intriguing behavior because of the
apparent paradox of individuals helping to rear offspring of
conspecifics instead of breeding on their own. Numerous
studies have aimed to explain why individuals stay and why
they help (Emlen, 1982; Griffin and West, 2003; Maccoll and
Hatchwell, 2004; Richardson et al., 2002; Taborsky, 1984,
1985; for review see Brown, 1987; Clutton-Brock, 2002;
Cockburn, 1998; Emlen, 1991; Koenig et al., 1992). Several
studies have focused on the role of ecology in the evolution of
cooperative breeding (Arnold and Owens, 1999; Davies et al.,
1995; Koenig and Mumme, 1987; Rabenold, 1990; Reyer,
1980, 1984). Individuals might be limited to disperse or breed
independently because of ecological constraints like habitat
saturation or high risk of dispersal (Brown, 1974; Emlen,
1982; Heg et al., 2004; for review see: Emlen, 1997; Koenig
et al., 1992). Furthermore, individuals might stay because they
gain benefits by staying in the natal territory, like gaining
protection, feeding benefits, or inheriting the territory
(Balshine-Earn et al., 1998; Ligon and Ligon, 1978; Reyer,
1980, 1984; Taborsky, 1984). In contrast to the emphasis on
ecological constraints, the life-history hypothesis emphasizes
the role of life-history traits in the evolution of cooperative
breeding (i.e., the combination of low mortality, low
fecundity, and low dispersal promotes the likelihood of the
species showing cooperative breeding; see Arnold and Owens,
1998; Poiani and Jermiin, 1994; and for review see: Hatchwell
and Komdeur, 2000).
Helping may be a consequence of staying in the natal

territory, when individuals pay by helping for being allowed to
stay while waiting for future breeding opportunities (Balshine-
Earn et al., 1998; Bergmüller and Taborsky, 2005; Emlen,
1982; Gaston, 1978; Mulder and Langmore, 1993; Taborsky,

1984). On the other hand, helping may be beneficial because
of the production of kin (Brown, 1987; Griffin and West, 2003;
Komdeur, 1994; Stacey and Koenig, 1990). Alternatively, if
individuals survive or reproduce better in larger groups,
cooperative behavior can be explained by group augmenta-
tion (Brown, 1987; Clutton-Brock, 2002; Kokko et al., 2001;
Woolfenden, 1975). In this case individuals benefit from
raising new group members even if these are unrelated
(Kokko et al., 2001).
Neolamprologus pulcher is a cooperatively breeding cichlid,

a subspecies or sister species of Neolamprologus brichardi,
which is commonly known as the ‘‘Princess of Burundi’’ (see
Grantner and Taborsky, 1998, for a discussion of the taxonomic
status of the species). Groups consist of a breeding pair and
1–17 helpers of both sexes, and their territories are widely
distributed along the shores of Lake Tanganyika, Africa, at
depths ranging from 3 to 45 m (Balshine et al., 2001; Taborsky,
1984; Taborsky and Limberger, 1981; Heg D, Taborsky M,
Brouwer L, personal observations). Helpers assist breeders by
defending the territory against space competitors and pre-
dators and bymaintaining the territory by digging and carrying
sand and debris away from the shelters. Helpers also provide
direct brood care by cleaning and fanning eggs and larvae and
defending them from egg stealers. N. pulcher feed in loose
aggregations on zooplankton floating in the water column
above the territories but usually do not actively compete over
food.
Although these fish have been studied in Lake Tanganyika

for many years, it is still not completely clear why individuals
stay in the natal territory and help until well after sexual
maturity (Balshine-Earn et al., 1998; Taborsky, 1984, 1985;
Taborsky and Limberger, 1981). Several populations of
N. pulcher have been studied. In the northern part of Lake
Tanganyika (Burundi) shelters are scarce, and fish live in
large aggregations after leaving the natal territory (Taborsky,
1984; Taborsky and Limberger, 1981). However, in the
southern population (Zambia) where this study was con-
ducted, N. pulcher groups breed in rather tight colonies within
vast areas of apparently suitable, but largely unoccupied

Address correspondence to D. Heg. E-mail: dik.heg@esh.unibe.ch.
Received 14 March 2004; revised 22 February 2005; accepted 25

February 2005.

Behavioral Ecology
doi:10.1093/beheco/ari042

Advance Access publication 23 March 2005

� The Author 2005. Published by Oxford University Press on behalf of
the International Society for Behavioral Ecology. All rights reserved.
For permissions, please e-mail: journals.permissions@oupjournals.org



habitat, and large aggregations of nonterritorial fish were
never observed (Taborsky M, Heg D, Brouwer L, personal
observations). It is therefore unlikely that in this population,
delayed dispersal of N. pulcher is a result of habitat saturation.
Helping is energetically costly, and helpers incur fitness costs
by growing slower (and thereby slowing down sexual maturity)
than same-sized nonhelpers (Grantner and Taborsky, 1998;
Taborsky, 1984; Taborsky and Grantner, 1998). These costs
can be outweighed by kin selection (Balshine et al., 2001;
Taborsky, 1984), protection due to antipredator defense by
larger group members (Heg et al., 2004; Taborsky, 1984),
successful participation in the reproduction of territory
owners (Dierkes et al., 1999), or by inheritance of a territory
and partner (Balshine-Earn et al., 1998). Kin selection seems
an obvious explanation for helping behavior. However, help-
ers of N. pulcher may not be related to the breeders as they
usually stay in the territory and continue helping when one or
both of the breeders are exchanged (Balshine-Earn et al.,
1998; Stiver et al., 2004; Taborsky, 1984). This is especially the
case for large helpers: the older a helper gets, the more likely
that one or both of its parents have been exchanged already
(Taborsky and Limberger, 1981; Dierkes P, Heg D, Taborsky M,
Skubic E, Achmann R, personal communication).

Experiments showed that after temporarily removing
a helper from its group, the returning helpers were attacked
by other group members and were eventually evicted in 29%
of the cases, suggesting that helpers have to pay for being
allowed to stay (Balshine-Earn et al., 1998; see also Bergmüller
and Taborsky, 2005; Bergmüller et al., 2005). In contrast to
predictions derived from the pay-to-stay hypothesis, however,
breeders did not respond aggressively towards the removed
helper (Balshine-Earn et al., 1998; Bergmüller and Taborsky,
2005). In N. pulcher, group size is positively correlated with
reproductive success and feeding rate (Balshine et al., 2001).
Survival is positively correlated with group size for the
breeders and the larger helpers under the risk of predation
(Heg et al., 2004). Furthermore, breeders from larger groups
have a lower workload (Balshine et al., 2001). This suggests
that the cooperative behavior can be explained here at least
partly by the direct benefits individuals derive from group
augmentation, like dilution effects or a deterrent effect on
potential predators or intruding competitors (Heg et al.,
2004; Taborsky, 1984; see Kokko et al., 2001). However,
increasing group size also has disadvantages as the number of
available shelters is a limiting resource (Balshine et al., 2001).
Furthermore, the described correlations could be a conse-
quence of variation in territory quality as group size is also
correlated with territory quality (Balshine et al., 2001).

Apparently several different mechanisms work in conjunc-
tion in the evolution of cooperative breeding in this species.
The aim of this study was to test experimentally whether kin
selection, pay-to-stay, and group augmentation may be in-
volved in the evolution of cooperative behavior in N. pulcher.
We used a group size reduction experiment and observed the
behavior of the remaining helpers in the group. In addition,
we measured the effect of group size and helping on
reproductive success. Previous removal experiments in
cooperative breeders showed that helpers increase reproduc-
tive success, at least under some circumstances (Brown et al.,
1982; Komdeur, 1994; Mumme, 1992; Shreeves and Field,
2002; but see Leonard et al., 1989). A failure to find an effect
might be due to other group members compensating for the
removed helpers, so in birds, for example, the total amount of
food delivered may remain the same compared to groups with
no helpers removed (Hatchwell and Russell, 1996; Legge,
2000; Wright and Dingemanse, 1999). Hence, it is paramount
to study compensatory effects by other group members in
such experiments, that is, changes in parental investment

of the breeders and helping behavior of the remaining
helpers.
If helpers help primarily because of the benefits of kin

selection, one would expect that reduced group size would
lead to a higher workload for the remaining helpers because
the same number of offspring and the same territory have to
be defended and maintained. So group size reduction should
lead to compensation of helping behavior by the remaining
helpers, especially the smaller, more related helpers. If
helpers pay for being allowed to stay, one would expect that
reduced group size should lead to less competition between
the helpers. Furthermore, each helper becomes more valu-
able for the breeders, consequently group size reduction
should not lead to compensation of the removed helpers, but
it might even lead to a decrease in helping behavior. If
N. pulcher survives and/or reproduces better in large groups,
that is, due to group augmentation, group size reduction
would have negative effects on survival, feeding rate, or
reproduction.

METHODS

Study area and data collection

The study was done in a N. pulcher colony at Kasakalawe Point,
Mpulungu, Lake Tanganyika, Zambia (colony 2, 8�46.8499 S,
31�04.8829 E, between 5 March and 27 May 2002. This colony
consisted of a cluster of .100 groups (average group size: 6.5,
range ¼ 3–18, including all individuals larger than 19.5 mm
SL; see also Balshine et al., 2001) at a depth of 9–11 m,
approximately 200 m from the shore. Observations were
recorded on PVC slates while scuba diving. A 3–5 min
habituation period was allowed before each observation.
Preliminary analysis of underwater videos suggested that the
fish are not strongly influenced by the presence of observers
(Balshine et al., 2001). All observations were carried out
between 0600 and 1300 h.

Removal experiment

The effect of group size reduction on helping behavior and
reproductive success was tested with the help of a removal
experiment in which only groups with offspring were in-
cluded. Offspring are defined as small fish (,15 mm SL),
including fry that do not help. By this selection criterion the
effect of reduced group size on the survival of young could be
investigated while the experimental groups were matched for
the phase in the breeding cycle. Group composition and
reproductive status were assessed by repeated visits to each
territory. Pairs of groups matched for group size and similar
numbers of large, medium, and small helpers were selected
(n ¼ 10 removal and n ¼ 10 control groups). From each of the
two matched groups two focal helpers were selected, again
matched for size, one potentially sexually mature (.37 mm
SL) and one probably immature (25–37 mm SL; Taborsky,
1984). This was done in such a way that each helper in a group
was matched for size with a helper in the corresponding
group. The selected individuals were observed for 15 min in
sequence, the order of the two observations (control fish or
experimental fish) randomized, during which we recorded
territory defense (attacks on neighbors, competitors and
predators), the number and time of visits to the breeding
shelter and other shelters (‘‘hiding shelters,’’ used for hiding
from predator attacks), territory maintenance (digging and
carrying of snails and sand), feeding frequency (number of
bites), and interactions with group members (submissive
behavior and aggressive interactions). Furthermore, once
every minute the distance of the focal fish to the breeding

668 Behavioral Ecology



shelter was estimated, and averaged per observation before
analyses. As it was not possible to observe behavior in the
breeding shelter, the time and visits to the breeding shelter
were recorded to obtain a potential correlate of brood care
(Balshine-Earn et al., 1998; Balshine et al., 2001). In addition,
the whole group was observed for 10 min during which
territory defense and territory maintenance of all group
members were recorded by all occurrence sampling. To
control for temporal variation, each observation was followed
or preceded by its control. After these observations of
unmanipulated groups, each group was randomly assigned
to the control or removal treatment.
On the same day, fish were captured in the selected groups

by guiding them into transparent PVC tubes with hand nets.
The fish were measured, sexed (by examination of the genital
papilla), and individually marked underwater. Marking in-
volved fin clipping and injection of nontoxic acrylic paint into
1–3 scale pouches in 18 possible locations on the body
(Balshine et al., 2001). These marks fade after a few weeks and
do not affect the fish behavior (Balshine et al., 2001).
Unmarked fish could be individually identified based on
their territory affiliation, body size, and unique natural body
markings. Sexing and marking were done directly after the
unmanipulated observations. After processing, the caught
helpers designated for removal from the experimental groups
were put in a cage outside the colony, while the other helpers
(including all helpers from the control groups and the focal
helpers of both types of groups) were released back into their
territory. From each removal group 30–50% of the helpers
were removed (40 6 3%, mean 6 SE). The behavioral
observations were repeated 1, 2, and 7 days after removal to
determine if there were any effects of reduced group size on
helping behavior and reproductive success. After completion
of the experiment, all removed helpers, which all survived,
were released back into their respective territories. No
observations were made after this.

Data analyses

Nine pairs of groups consisting of one control and one
removal group each were matched in original size, as
originally planned. Unfortunately in the tenth pair the focal
marked helpers in the control group were disturbed due to
our catching effort and therefore had to be discarded from
the behavioral analyses. The remaining removal group could
be matched to another pair of groups, giving a trio of one
control and two removal groups. This left us with 10 removal
and 9 control groups, matched into 9 pairs (8 pairs and 1
trio). Most of the data were not normally distributed (territory
maintenance behavior, breeding shelter visits, aggressive
interactions, submissive behavior), and therefore these data
were normalized using the adjusted square-root transforma-
tion:

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x þ 3=8

p
(Zar, 1996). However, breeding shelter visits

and submissive behavior remained nonnormally distributed;
therefore, these data were analyzed for large and small
helpers separately using nonparametric tests with help of the
program SPSS 12.0. To correct for any group effects,
behavioral data obtained after the removal of helpers were
averaged and subtracted with the value from the observation
done before the removal of the helpers. As in each family
a large and a small helper were observed, these data cannot be
considered independent data points. To take the hierarchical
structure and nonindependence of data into account,
multilevel modeling was used in MlwiN 2.0 (Rasbash et al.,
2004). MlwiN uses a general linear mixed-modeling approach
with a hierarchy of nested effects. We created the following
levels (from highest to lowest level): (1) pair number (nine
pairs, random effect), (2) group number (19 groups, random

effect, with fixed effect ‘‘treatment’’), and (3) helper size
(two sizes).
Both time and frequency of visits to the breeding and

hiding shelters were recorded, but as times and frequencies
correlated strongly with each other (Spearman rank correla-
tion, breeding shelters: rs ¼ .989, n ¼ 255, p , .001; hiding
shelters: rs ¼ .989, n ¼ 255, p , .001) only the frequency of
visits to these shelters were analyzed.
The number of offspring, all fish smaller than 15 mm SL,

was counted on day 0 and day 7 of the experiment in the
10 control and 10 experimental groups. To test for the effect
of helpers on offspring, the percentage offspring survival
between day 0 and 7 was calculated. This parameter followed
a normal distribution (Kolmogorov-Smirnov tests, control
groups: z ¼ 0.87, n ¼ 10, p ¼ .44; experimental groups: z ¼
0.69, n ¼ 10, p ¼ .73) and was compared between the two
treatments with a paired-samples t test. All significance tests
were two-tailed, and means are expressed with standard errors
if not mentioned otherwise. Due to the matched-pairs design,
most confounding variables were corrected for.

RESULTS

Effects of helper removal on behavior

Estimates of the distance to the breeding shelter show that
after removal, helpers from reduced groups stayed closer to
the breeding shelter than helpers from control groups
(Figure 1; Table 1). Furthermore, helpers from reduced
groups visited the breeding shelters more often than helpers
from control groups; however, this was only the case for small
helpers (Wilcoxon tests, small: T ¼ �2.52, n ¼ 9, p ¼ .008;
large: T ¼ �0.68, n ¼ 9, p ¼ .56; Figure 2a). Group size
reduction did not influence the rate of other helping
behaviors as helpers from reduced groups did not maintain
or defend their territory more than helpers from control

Figure 1
Helpers stayed closer to breeding shelters after the manipulation in
the removal but not in the control treatment. Depicted are the mean
changes in the distance to the breeding shelter (6SE), by subtracting
the manipulation after measurement from that before, for removal
and control groups, respectively.
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groups (Table 1). Helpers from reduced groups had lower
feeding rates than helpers from control groups; however, this
was just not significant (p ¼ .054, Figure 2b). Group size
reduction did not affect the number of visits to the hiding
shelters (Table 1).

Helpers from reduced groups did not show more or less
submissive behavior or have more or less aggressive inter-
actions with their group members than helpers in control
groups (Table 1; submissive behavior: Wilcoxon tests, small
helpers: T ¼ �0.35, n ¼ 9, p ¼ .79; large helpers: T ¼ �0.84,
n ¼ 9, p ¼ .44).

Although helpers did not change their defense behavior
when group members were removed and the average territory
maintenance frequencies per group member did not differ
between control and reduced groups (paired t test: t8 ¼
�0.66, p ¼ .53), the observations of all group members
together showed that the average territory defense frequen-
cies per group member were lower for reduced than for
control groups (paired t test: t8 ¼ �3.24, p ¼ .012). This
indicates that breeders responded to helper removal by
decreasing their defense effort.

In each group, a small (mean 6 SE ¼ 33.8 6 0.50 mm,
range: 30.0–37.0 mm) and a large (mean 6 SE ¼ 46.8 6 1.0
mm, range: 38.0–58.0 mm) focal helper were observed. Apart
from the differences in breeding shelter visits, small helpers
tended to visit the hiding shelters more often than large
helpers, which was independent of group size reduction,
however, and just not significant (p ¼ .06). All other behav-
iors did not differ as well between large and small helpers
(Table 1).

The focal helpers were not matched for sex. The overall sex
ratio of the observed marked helpers was male biased, though
not significantly (67% male; binomial test, n ¼ 30, p ¼ .10).
The sex ratio was not skewed within the reduced or control
group or within the large and small helper groups (v2 ¼ 1.20,
n ¼ 30, p ¼ .27; v2 ¼ 1.09, n ¼ 30, p ¼ .30, both df ¼ 1). Due
to small sample sizes no effects of sex on helping behavior
could be tested.

Effects on reproductive success

Group size reduction affected offspring survival. The percent-
age of offspring per group surviving the week after removal
was higher in controls than in reduced groups (paired t test,
t9 ¼ �2.66, p ¼ .026; Figure 3). From five pairs of groups that

were checked after the last observations, one control and
three reduced groups produced new fry between 1 and 2
weeks after removal, and one control and one reduced group
produced new fry between 2 and 3 weeks after removal.

Effects of group size

Group stability was not influenced by the treatment: only 3
out of 167 observed helpers in total went missing, presumably
due to predation. Before removal, groups contained on
average 8.0 6 0.8 helpers (6SE, range: 4–17). The effect of
removal on feeding rate, breeding shelter visit, or survival of
offspring was not stronger in small than in large groups
(Spearman rank correlations, all three parameters rs , .35,
n ¼ 10, p . .32). On average, 40 6 3% (6SE, range: 30–50%)
of the helpers were removed. Removing a larger proportion of

Figure 2
Difference in helper (a) breeding shelter visits and (b) feeding rate
between removal and control groups for small (,37 mm) and large
(.37 mm) helpers.

Table 1

Results of the hierarchical general linear mixed models, testing for
effects of treatment (removal or control), helper size (small or large),
and their interaction (all three df ¼ 1), on each of the different
behaviors of the focal helpers (n ¼ 38) separately

Treatment Helper size
Helper size 3
treatment

Dependent variable v2 p v2 p v2 p

Distance to breeding
shelter 4.79 .03 0.09 .76 0.03 .86

Territory defense 0.54 .46 0.03 .86 1.65 .20
Territory maintenance 0.001 .97 0.68 .41 1.18 .28
Feeding rate 3.72 .054 0.85 .36 0.35 .55
Hiding shelter visits 0.001 .97 3.46 .06 0.30 .58
Aggressive interactions 0.08 .78 0.12 .73 0.26 .61

Statistics derived from the normal response mixed-modeling
procedure in MlwiN, correcting for random variation due the
‘‘group number’’ (medium level) within ‘‘pair number’’ (highest
level, matched control, and removal groups) effects.
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helpers did not have a stronger effect on the difference in
feeding rate, breeding shelter visits, or survival of offspring
between control and reduced groups (for all comparisons rs ,
.15, n ¼ 10, p . .67).

DISCUSSION

Our experiment showed that helpers raise the reproductive
success of breeders as the survival rate of offspring was lower
in removal than in control groups. This proves that helpers do
really help, so their behavior may be subject to kin selection or
to selection based on reciprocity (pay-to-stay; see Taborsky,
1984). We should be cautious when interpreting our results as
evidence for the importance of kin selection in causing
delayed dispersal and helping behavior in N. pulcher, as many
large helpers are unrelated to the breeding pair in this
population of N. pulcher (average genetic relatedness of large
helpers to the breeding male is 0 and to the breeding female is
0.25; Dierkes P, Heg D, Taborsky M, Skubic E, Achmann R,
personal communication), so they help raising unrelated
beneficiaries. The relative importance of kin selection and
pay-to-stay mechanisms may be distinguished by analyzing the
behavioral reaction of remaining helpers to the removal of
group members. Helpers should be expected to increase their
workload if kin selection is the major evolutionary cause of
cooperative breeding in this species. According to the pay-to-
stay hypothesis, helpers should not pay more if group size
declined, especially if there is social competition among
helpers (Ragsdale, 1999). As helpers increase the breeders’
reproductive success (Taborsky, 1984; this study), a group size
reduction might render each helper more valuable to
breeders, that is, helpers may even have to pay less to remain
tolerated.
We found evidence that the remaining small helpers

compensated for the removed group members, supporting
the kin selection hypothesis. Small helpers visited the breed-

ing shelter more often after manipulation, and in general
the remaining helpers fed less. Helpers did not visit other
hiding shelters more often due to the group size reduction,
suggesting that increased breeding shelter visits were not
selfish behavior (e.g., to seek protection from predators). As
small helpers are specialized to participate in brood shelter
maintenance and in egg and larvae care (Taborsky, 1984;
Taborsky et al., 1986) and as they are on average more
closely related to beneficiaries than large helpers are
(Taborsky and Limberger, 1981; Dierkes P, Heg D, Taborsky M,
Skubic E, Achmann R, personal communication), these
results meet the predictions derived from the kin selection
hypothesis. However, we cannot rule out the possibility that
after manipulation small helpers visited breeding shelters
more often because these had been monopolized by larger
group members before the manipulation (Werner et al., 2003;
see also Bergmüller and Taborsky, 2005; Bergmüller et al.,
2005) as there is competition between helpers for shelters in
N. pulcher territories (Balshine et al., 2001; Werner et al.,
2003).
In birds, increased survival of offspring was found to result

from helping behavior such as feeding young or territory
defense (Brown et al., 1982; Komdeur, 1994; Mumme, 1992).
In our study, behavior of helpers conspicuously related to
offspring protection, such as defense, did not increase after
helper removal. Rather, the overall defense rate of the group
decreased. Apparently, breeders reduced their defense effort
after helper removal; they may have compensated for the
removed helpers by increasing other behaviors like brood
care, which was not recorded. The higher survival rate of
offspring in control groups may have resulted from the
greater attendance and guarding by helpers, which may have
deterred potential predators or warned offspring of predator
attacks. The reduced numbers of potential protectors in
removal groups may have been the reason why helpers of the
reduced groups stayed closer to the breeding shelter (see also
Heg et. al., 2004).
Large helpers did not show any significant changes in their

helping or social behaviors in response to group size
reduction. This is in accordance with expectations from
both the kin selection and pay-to-stay hypotheses: large
helpers are often unrelated to beneficiaries, and dominant
group members should not demand more help from fewer
helpers because the reduction in number makes each of them
more valuable (see above; Hamilton and Taborsky, 2005).
Independent of the helpers’ behavior, some of our results can
be explained also by the benefits of group augmentation
(Kokko et al., 2001) as the group size reduction resulted in
a lower juvenile survival and an initial reduction of feeding
rates of helpers.
An alternative explanation for our results may be provided

by the social disruption hypothesis (Mumme, 1992). Reduced
feeding rates, increased breeding shelter visits, and reduced
survival of offspring could all result from the social disruption
caused by removal of group members. However, we did not
find evidence for the social disruption hypothesis because the
removal of helpers did not affect the frequency of aggressive
interactions between group members or the territory size or
group stability. Moreover, reduced groups even produced new
fry in the first 2 or 3 weeks after manipulation.
Variation in the fraction of helpers removed (30–50%) did

not affect the behavior of the remaining group helpers. In
addition, group size was not correlated with feeding rates as
found in a previous study (Balshine et al., 2001). This
discrepancy might be due to differences in the time of day
of observations. In our study all observations were done in the
morning, while Balshine et al. (2001) observed the fish at all
times of the day. Due to the matched-pairs design, any

Figure 3
The mean percentage survival of offspring was higher in control
than in removal groups, measured after 7 days from start of the
experiment. Means 6 SE are shown.
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potential influence of daytime is corrected for in our
experiment. The discrepancy between the results of the
two studies may also be due to the different approaches
as the Balshine study was correlative while this one was
experimental.

In conclusion, despite the experimental approach, our data
and small sample sizes do not allow us to separate clearly
between kin selection, pay-to-stay, and group augmentation
mechanisms as driving forces of helping behavior in N. pulcher.
However, these mechanisms are not mutually exclusive. Our
results suggest that the behavior of small helpers may be
influenced by kin selection, while large helpers rather pay to
stay. In addition, group augmentation results in higher
success rates of breeders, and it appears to benefit all group
members by allowing higher feeding rates. Pay-to-stay and
group augmentation both can explain the existence of
unrelated helpers (Kokko et al., 2001, 2002), which is an
intriguing characteristic of this social system.
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