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When and where to disperse is a major life history decision with crucial ﬁtness consequences. Before
dispersing, individuals may beneﬁt from checking the suitability of potential future habitats. In highly
social species, such prospecting may be directed towards other groups rather than alternative habitats.
This may increase familiarity with neighbours and help individuals to successfully integrate into their
group. Previous research on the cooperatively breeding cichlid ﬁsh Neolamprologus pulcher revealed that
individuals frequently engage in between-group prospecting. In this study, a combination of long-term
observational data and experimental manipulations in the natural habitat of these ﬁsh suggests that
prospecting increases survival, improves familiarity with members of neighbouring groups and serves to
prepare individuals for between-group dispersal. Our ﬁndings highlight that dispersal in cooperative
breeders can be a complex process involving interactions of potential dispersers with members of both
the current group and groups that are possible targets of dispersal. Members of these groups may have
divergent ﬁtness interests regarding decisions of potentially dispersing individuals, which may have
selected for the subtle preparation for intergroup dispersal observed in these cooperative cichlids.
© 2015 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Dispersal is an evolving trait and a fundamental feature of life
that affects all evolutionary processes from individual ﬁtness to
gene ﬂow between populations (Ronce, 2007). Owing to a lack of
knowledge about and familiarity with the new environment,
dispersal can be a costly enterprise (Bonte et al., 2012). To mitigate
this cost, animals may prospect the environment within their potential dispersal range to obtain information about dispersal options (Bocedi, Heinonen, & Travis, 2012; Delgado, Barton, Bonte, &
millet, & Boulinier, 2015).
Travis, 2014; Ponchon, Garnier, Gre
Indeed, dispersal decisions often appear to be informed and based
on an evaluation of the current and potential future habitat
(Clobert, Le Galliard, Cote, Meylan, & Massot, 2009). In many species, prospecting precedes dispersal and the information gained
during prospecting forays inﬂuences dispersal decisions (Boulinier,
McCoy, Yoccoz, Gasparini, & Tveraa, 2008; Cox & Kesler, 2012;
€rt & Doligez, 2003). In highly
Dittmann, Ezard, & Becker, 2007; Pa
social animals, the current and future social environment are
important determinants of an individual's chances of surviving and
reproducing. If reproductive skew within groups is large, dispersal
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of subordinates may be a means to enhance the chances of gaining
direct ﬁtness by joining another group (Cant, Otali, & Mwanguhya,
2001; Clutton-Brock, 1998; Daniels & Walters, 2000; Glander, 1992;
Johannesen & Lubin, 1999; Reber, Meunier, & Chapuisat, 2010;
Rood, 1987; Sharp, Simeoni, & Hatchwell, 2008).
Between-group dispersal may impose additional costs
compared to establishing a new group or territory. First, familiarity
among group members is often crucial for the maintenance of
cooperation and group stability (Barber & Wright, 2001; Carter &
Wilkinson, 2013; McDonald, 2012; Roberts & Sherratt, 1998). Second, dispersal may diminish an individual's relative rank or
destabilize the hierarchy in the target group (Dey, Reddon,
O'Connor, & Balshine, 2013; Jordan, Wong, & Balshine, 2010;
Taborsky & Oliveira, 2012; Wong & Balshine, 2011b). Third, success or failure of a dispersal attempt strongly depends on the
respective target group members' behaviour (Stiver, Fitzpatrick,
Desjardins, & Balshine, 2006; Taborsky & Oliveira, 2012; Zack &
Rabenold, 1989), which may discriminate against a foreign
intruder (Hopp, Jablonski, & Brown, 2001; Payne, Payne, Rowley, &
Russell, 1991; Radford, 2005; Sturgis & Gordon, 2012). Thus, the
success of dispersal in obligate group-living species depends not
only on the disperser, but also on the members of potential target
groups. In addition, once an individual has left its current group, it
may be prohibited from rejoining if dispersal fails. This is because
many groups invest communally in a common good, e.g. the
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maintenance of a territory or the storing of food. For such cooperation to be stable, groups have to discriminate against free-riders
that try to reap the beneﬁts of the common good without invest€ ttl,
ing in it (Balshine-Earn, Neat, Reid, & Taborsky, 1998; Fischer, Zo
Groenewoud, & Taborsky, 2014; Keller & Ross, 1998; Krams, Krama,
€nd, 2007; Lehmann & Perrin, 2002; Smukalla et al.,
Igaune, & Ma
2008; Strassmann, Gilbert, & Queller, 2011). Future dispersers,
however, do not gain from investing in a common good from which
they will not beneﬁt in the future (Bergmüller, Heg, & Taborsky,
€ttl, Chapuis, Freiburghaus, & Taborsky, 2013). Thus, pro2005; Zo
spective dispersers and individuals that remain in a group face a
conﬂict of interest that probably causes groups to permanently
expel individuals that fail to properly cooperate (Cant, 2011; Fischer
et al., 2014).
An individual can increase its chances of successful betweengroup dispersal by familiarizing itself with the target group's
members prior to a dispersal attempt. Indeed, individuals in several
cooperative species have been described as frequently prospecting
foreign groups (Bergmüller, Heg, Peer, & Taborsky, 2005; Doolan &
Macdonald, 1996; Kesler & Haig, 2007). This may generate familiarity with members of potential target groups, reduce aggression
and thereby enable eventual integration into the respective group's
hierarchy. Other potential beneﬁts of such between-group visits
have also been proposed, e.g. extragroup matings (Young, Spong, &
Clutton-Brock, 2007) or the establishment of safe havens
(Bergmüller, Heg, Peer, et al., 2005), besides their potential
importance for dispersal (Bergmüller, Heg, Peer, et al., 2005; Cox &
Kesler, 2012; Delgado et al., 2014; Doolan & Macdonald, 1996;
Kesler & Haig, 2007). Thus, in many cooperative species, individuals appear to build familiarity networks outside their own
group by visiting and interacting with foreign groups.
Prospecting itself imposes costs, including an increased risk of
predation, opportunity (time) costs and reduced opportunities to
help in the home group (Young, Carlson, & Clutton-Brock, 2005).
The latter in particular may inﬂuence within-group interactions,
because prospecting instead of helping may elicit aggression from
group members (Balshine-Earn et al., 1998; Fischer et al., 2014).
Such aggression may raise the costs of staying in the current group,
which can render prospecting and dispersal a more beneﬁcial
alternative. This positive feedback may lead to divergent life history
strategies, namely staying at home and helping versus dispersing
(Bergmüller & Taborsky, 2007; Clobert et al., 2009). Thus, prospecting behaviour can be an important component of group living,
within-group cooperation and life history decisions, and hence it
constitutes a fundamental feature in the evolution of sociality.
To unravel the long-term consequences of prospecting behaviour, familiarity and dispersal decisions on individual life histories,
we studied the obligate cooperative breeder Neolamprologus
pulcher, a cichlid ﬁsh endemic to Lake Tanganyika. In this species,
breeding groups defend permanent territories, groups cluster in
colonies, individuals frequently make forays to neighbouring
groups and dispersal between groups is common (see Methods for
a detailed description of the study species). Studying these ﬁsh in
their natural habitat for 3 consecutive years, we observed how
prospecting behaviour relates to individual dispersal decisions and
to survival, and how geographical distance, a proxy of the likelihood of previous prospecting, inﬂuences familiarity. We hypothesized that forays increase familiarity between individuals from
different groups, which should reduce the aggression received in
previously visited groups and facilitate successful dispersal into
these groups. Thus, we expected individuals performing more
prospecting forays to other groups to have higher chances of survival and to be more likely to disperse. In addition, we expected
that dispersers would preferentially join groups they had previously visited, and that experimentally opened vacancies would be

taken up by ﬁsh that had previously made forays to the group in
which the vacancy was established. Finally, we expected ﬁsh to
receive less aggression the closer from home they were intruding
into foreign territories. Such results would highlight the importance of prospecting behaviour in establishing relations between
individuals from different social units and in preparing for
between-group dispersal in highly social animals.
METHODS
Study Site
Using self-contained underwater breathing apparatus (SCUBA),
we studied a wild population of N. pulcher at the southern tip of
Lake Tanganyika, East Africa, off the Zambian coast at Kasakalawe
Point near Mpulungu (8 46.8490 S, 3104.8820 E), from September
2011 to December 2013. With the exception of removal experiments (see below), all work was conducted within a focal colony of
N. pulcher that contained between 135 (2011) and 153 (2013)
groups, at 10e12 m depth. In this colony, all group sizes were
known and we mapped the position of all territories. We calculated
lateral distances between all territories (centre to centre) within
the focal colony, based on each territory's position. The removal
experiments were conducted in several other colonies at 10e14 m
depth within approximately 200 m from the above-mentioned
colony.
Study Species
In N. pulcher, breeding groups consist of a dominant pair largely
monopolizing reproduction and several subordinates of both sexes
and of varying age and size (Duftner et al., 2007; Taborsky &
Limberger, 1981; Wong & Balshine, 2011a). These groups defend
territories against foreign conspeciﬁcs and other species, and access to shelters provided in these territories and protection by
larger group members are crucial for individual survival (Balshine
et al., 2001; Heg, Bachar, Brouwer, & Taborsky, 2004; Taborsky,
1984). Subordinates help dominants to raise broods in order to be
tolerated in their territory (Balshine-Earn et al., 1998; Fischer et al.,
€ttl, Heg, Chervet, &
2014; Heg & Taborsky, 2010; Taborsky, 1985; Zo
Taborsky, 2013). Groups are organized in a size-based hierarchy
(Dey et al., 2013; Wong & Balshine, 2011b), and higher ranking
subordinates are more likely to seize dominance when breeders
disappear (Stiver et al., 2006). The ﬁsh frequently visit foreign
groups, which seems to familiarize them with their neighbours and
allows them to seek shelter in these neighbouring territories when
threatened (Bergmüller, Heg, Peer, et al., 2005). During such forays,
the ﬁsh adopt a certain posture, characterized by spreading their
ﬁns and stiffening their body, propelling themselves mainly by
thrusts of their pectoral ﬁns. Thus, prospecting forays can be
distinguished from other territory intrusions, and the distinct
posture apparently functions as an aggression-reducing signal to
resident ﬁsh (Bergmüller, Heg, Peer, et al., 2005). It has been suggested that such visits possibly prepare individuals for future
dispersal into the visited groups (Bergmüller, Heg, Peer, et al.,
2005). In N. pulcher, dispersal typically covers short distances
(mean 3.5 m, range 0.4e17.2 m; Stiver, Dierkes, Taborsky, &
€ttl, Bonﬁls, & Taborsky, n.d.) and inBalshine, 2004; Jungwirth, Zo
dividuals predominantly disperse into already existing groups.
Founding of new groups is very rare and may occur in two ways:
budding of established territories and dispersal of several individuals into vacant territories (Heg, Heg-Bachar, Brouwer, &
Taborsky, 2008; Jungwirth & Taborsky, n.d.). Shortly prior to
dispersal, individuals reduce their cooperative investment in their
current group compared to individuals that remain in their
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Prospecting Behaviour, Dispersal Decisions and Survival
To unravel the long-term effects of prospecting on dispersal
decisions and survival, we observed the prospecting behaviour of
155 focal individual N. pulcher from 73 different territories between
September and October 2011, and checked their survival and
dispersal until a year later. As both group size and local population
density inﬂuence survival in N. pulcher (Balshine et al., 2001; Heg,
Brouwer, Bachar, & Taborsky, 2005; Heg et al., 2008; Jungwirth &
Taborsky, n.d.), we recorded the sizes of all respective groups (i.e.
the number of ﬁsh >1.5 cm standard length (SL); see Fischer et al.,
2014; Heg & Taborsky, 2010), and the distance to their nearestneighbouring N. pulcher territory, for all but one of these territories. One territory had no neighbours within 5 m and hence we
did not include the nearest-neighbour distance of this territory in
our data set. Focal ﬁsh were selected to cover the whole range of
observed group sizes and nearest-neighbour distances, and to
include ﬁsh of varying size and dominance status. Groups with
focal ﬁsh were observed twice for 30 min each, during which all
forays by focal individuals from the respective group to any foreign
territory were recorded. At least 48 h before the ﬁrst observation,
each focal ﬁsh was caught using hand nets and Plexiglas tubes (see
Balshine-Earn et al., 1998). Prior to capture, we assessed each individual's status (dominant or subordinate) by observing groups for
at least 5 min during which we identiﬁed the largest group member of each sex; these we considered the dominant individuals,
rendering all other group members subordinates (Balshine et al.,
2001; Taborsky & Limberger, 1981). Upon capture, a ﬁsh's SL (to
the nearest millimetre; using a measuring board with a 1 mm grid)
and sex were recorded. Further, it received an elastomer mark for
individual identiﬁcation (visible implant elastomer: Northwest
Marine Technology, Shaw Island, WA 98286, U.S.A.), and a small ﬁn
clip was collected for DNA ﬁngerprinting, before the ﬁsh was
released in its home territory. The ﬁsh were classiﬁed as either
dominant male (N ¼ 22), dominant female (N ¼ 29), subordinate
male (N ¼ 55) or subordinate female (N ¼ 49).
In September 2012 we recovered all marked ﬁsh and again
measured their SL and took a small ﬁn clip. Using alleles from 13
polymorphic microsatellites (see below), we conﬁrmed the identity
of 71 ﬁsh that had been marked in 2011 and were recaptured in
2012. This provided detailed information about the relationship
between their prospecting behaviour in 2011 and their dispersal
until a year later. We assumed recapture probabilities to be similar
between all ﬁsh, as N. pulcher generally show high site ﬁdelity. We
considered the remaining 84 individuals as not having survived
between years for the following reasons: (1) long-distance
dispersal is very rare in this species (Stiver et al., 2004; Jungwirth
et al., n.d.), (2) we worked in a large subset of the population,
also checking ﬁsh outside the focal colony in 2012, and (3) ﬁsh
marked in 2011 were likely to have reached dominance by 2012
(Jungwirth & Taborsky, n.d.). We captured a large proportion of
dominants present in the focal colony in 2012, irrespective of
whether we detected marks or not (36 of 78 dominant males and
78 of 146 dominant females), reducing the odds of missing ﬁsh
whose marks were lost or remained undetected.
Territory Intrusion Experiment
Using simulated territory intrusions of subordinate N. pulcher
into foreign territories, we investigated the inﬂuence of spatial
distance on social interactions between these ﬁsh (see Desjardins,
Stiver, Fitzpatrick, & Balshine, 2008). The intrusion experiments

were conducted between September and November 2013. Each of
44 focal individuals (none of which were part of the prospecting
observations described above) was caught and subsequently presented at two foreign territories (‘presentation territories’). One of
these territories was located well within typical prospecting distances (Bergmüller, Heg, Peer, et al., 2005; see Results and Fig. 1;
‘within prospecting distance’: mean distance from the focal ﬁsh's
home territory: 0.83 m, range 0.16e2.02 m) and the other was
located well outside typical prospecting distances (see Results and
Fig. 1; ‘outside prospecting distance’: mean distance from the focal
ﬁsh's home territory: 11.21 m, range 4.37e20.24 m). Upon capture,
ﬁsh were transferred to a clear Plexiglas tube (9 cm diameter, 14 cm
length, both ends closed with perforated lids to allow water exchange). Each ﬁsh remained in the tube until it had been presented
at both presentation territories. When not being presented at a
territory, the tube containing the focal ﬁsh was kept in a dark bag to
reduce stress. Presentations were preceded by a 3 min habituation
phase, during which the experimenter was present at the test territory, but the focal ﬁsh was still hidden in the bag. During this
phase, we identiﬁed the breeding shelter of the respective presentation territory (see Heg et al., 2004). The tube containing the
focal ﬁsh was then placed as close to the breeding shelter as
possible, without blocking its entrance. Each presentation lasted
5 min, during which we recorded all aggressive behaviours that
resident N. pulcher directed towards the focal ﬁsh (i.e. all aggressive
displays and any attempt to ram or bite the focal ﬁsh; see Balzarini,
Taborsky, Wanner, Koch, & Frommen, 2014). Subsequently, the focal
individual's SL and sex were determined, before it was released
back in its home territory.
Removal Experiment
To test whether subordinate N. pulcher voluntarily disperse and
ﬁll vacancies in neighbouring territories, and whether such
dispersal increases their rank and thus enhances their chances of
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territory, rendering dispersal costly to fellow group members
€ttl, Chapuis, et al., 2013).
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Figure 1. Mean distance a focal ﬁsh covered to visit foreign territories. Fish were
classiﬁed by sex and status in their home territory (dominant or subordinate). Lines
represent the interquartile range, symbols represent medians. Rectangles represent
males, circles represent females. Black symbols represent dominant individuals, grey
symbols represent subordinate individuals. Numbers below the boxes indicate the
number of focal individuals in each class.
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seizing dominance, we selected nine groups outside our focal colony in October and November 2013. We aimed to create vacancies
in territories with many neighbouring groups in which potential
dispersers were found, to increase the chance of actually observing
voluntary dispersal. Thus, these ‘central territories’ (i.e. territories
in which vacancies were created) were selected in a way to ensure
that (1) each had at least six other territories in close proximity
(‘neighbouring territories’; i.e. at less than 2 m from centre to
centre), and (2) in any of these neighbouring territories, there were
at least three ﬁsh that fulﬁlled the following criteria for being
chosen as focal ﬁsh: they were (a) not the largest subordinate in
their respective home territory, but were (b) larger than the second
largest subordinate in the ‘central territory’. Thus, by removing the
largest subordinate from the ‘central territory’, we created a vacancy that allowed focal ﬁsh to increase their rank when dispersing
into it (i.e. increasing their rank from second highest or lower
ranking subordinate in their home territory to highest ranking
subordinate in the ‘central territory’). A total of 49 ﬁsh met these
criteria and were selected as focal individuals for the experiment.
These ﬁsh were caught, measured, sexed and marked (see above) at
least 48 h prior to the ﬁrst focal observation. All focal individuals
were observed for three 10 min periods prior to the removal of the
largest subordinate in the ‘central territory’ (observations 1e3) and
again for three 10 min periods after the removal (observations
4e6). See Table 1 for the exact schedule.
During each observation, we recorded (1) the time a focal individual spent in its original home territory, the number of
aggressive behaviours it directed (2) towards fellow group members, (3) towards foreign N. pulcher and (4) towards heterospeciﬁcs,
(5) the number of feeding acts and (6) the number of maintenance
behaviours it performed, (7) the number of submissive acts it
showed, and (8) the number of forays it made to the ‘central territory’ (see Bergmüller, Heg, Peer, et al., 2005). Fish that were
removed from the ‘central territory’ were caught as described
above and were kept in holding cages at least 25 m from the
respective ‘central territory’. They were released back into their
home territories at the end of the study (i.e. up to 6 weeks after
their removal). We monitored the nine ‘central territories’ and all
49 focal individuals on a weekly basis for up to 6 weeks after the
last respective observation, until the end of our ﬁeld season. During
these check-ups we recorded the current home territory of each
focal individual and whether or not the vacancy in the ‘central
territory’ had been ﬁlled.
DNA Fingerprinting
The following 13 microsatellite loci were used to identify individuals that were caught in different years, based on the DNA
Table 1
Schedule of the removal experiment
Experimental day

Time

Procedure

2 or more
1
1
2
2
3
3
4

Any time
0800e1100
1500e1800
0800e1100
1500e1800
0800e1100
1500e1800
0800e1100

Catching, marking, etc.
Observation 1
Observation 2
Observation 3
Removal
Observation 4
Observation 5
Observation 6

Each focal ﬁsh was caught at least 48 h before its ﬁrst observation. Observations of
10 min each per focal individual took place either in the morning
(0800e1100 hours, observations 1, 3, 4 and 6) or in the afternoon
(1500e1800 hours, observations 2 and 5). The removal in the ‘central territory’ was
conducted in the afternoon of the second experimental day. Focal ﬁsh were
observed three times prior to the removal (observations 1e3) and three times after
the removal (observations 4e6).

extracted from the respective ﬁn-clips: NP007, NP773, UL12
(Schliewen et al., 2001); Pzeb4 (Van Oppen, Rico, Deutsch, Turner &
Hewitt, 1997); TmoM11, TmoM13, TmoM25, TmoM27 (Zardoya
et al., 1996); UME003 (Parker & Kornﬁeld, 1996); UNH106,
UNH154 (Lee & Kocher, 1996); UNH1009 (Carleton et al., 2002);
Ppun21 (Taylor et al., 2001). All loci had 2e27 alleles, with a mean
of 14 alleles per locus. Identity checks were performed with the
Microsatellite Toolkit, an Add-In of Microsoft Excel. DNA extraction
and ampliﬁcation followed the protocol described by Bruintjes,
Bonﬁls, Heg, and Taborsky (2011).
Statistical Analyses
All statistical analyses were carried out using R version 3.1.1 (R
Development Core Team, 2013). Generalized linear mixed-effects
models (GLMM) were ﬁtted using the R package lme4 version
1.1-6 (Bates, Maechler, Bolker, & Walker, 2013). (1) To test whether
an individual's class (dominant male, dominant female, subordinate male, subordinate female) or size inﬂuenced the propensity to
engage in prospecting visits, we ﬁtted a generalized linear model
(GLM) with logistic link function to account for the assumed
binomial error distribution (GLM logit link). This model included
one response variable (prospecting: yes/no) and two explanatory
variables (class; size). (2) To test whether an individual's class or
size inﬂuenced the distance covered during forays, we ﬁtted a
linear model. This model included one response variable (foray
distance) and two explanatory variables (class; size). (3) To test
whether individuals that survived to the next year and those that
did not differed in their propensity to show prospecting behaviour,
their size, their group's size or their group's nearest-neighbour
distance, we ﬁtted a GLM with logit link. This model included one
response variable (survival: yes/no) and four explanatory variables
(prospecting: yes/no; size; group size; nearest-neighbour distance).
(4) To test whether individuals that dispersed between years and
those that did not differed in their propensity to show prospecting
behaviour, their size, their group's size or their group's nearestneighbour distance, we ﬁtted a GLM with logit link. This model
included one response variable (dispersal: yes/no) and four
explanatory variables (prospecting: yes/no; size; group size;
nearest-neighbour distance). (5) To test whether the aggression
ﬁsh received during forced intrusions was inﬂuenced by the distance to the ﬁsh's home territory, we ﬁtted a negative binomial
generalized linear mixed-effects model (GLMM NB). The model
included one response variable (received aggression), one explanatory variable (distance to home territory) and a focal ﬁsh's ID as
random factor.
Ethical Note
All work reported here complied with Zambian laws and was
carried out in agreement with local authorities under the Memorandum of Understanding issued by the Department of Fisheries:
Ministry of Agriculture and Cooperatives, Zambia, dated 20 March
2009. Fish marked for this study each received two to four elastomer tags of maximum 3 mm length in areas with minimal risk of
harmful injuries, i.e. away from their internal organs (marks were
placed near the dorsal and anal ﬁn and in the tail). Fin-clips were
taken from the posterior end of the dorsal ﬁn and were less than
5 mm2 in size. Both marking and ﬁn clipping were performed
without anaesthesia in order to return ﬁsh to their groups as
quickly as possible (processing took less than 5 min per ﬁsh) and to
minimize stress to the handled ﬁsh (anaesthetized ﬁsh may be
attacked by group members before full recovery). Fish captured,
marked and ﬁn-clipped for this study were observed for at least
5 min after release and checked again ca. 24 h later. Fish typically
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RESULTS
Effect of Social Status, Size and Prospecting
Of the 155 ﬁsh marked in 2011, 84 performed prospecting visits
to foreign territories during the 60 min in which we observed their
respective home territory. All classes of ﬁsh were similarly likely to
perform forays to foreign territories (13 of 22 dominant males; 17 of
29 dominant females; 27 of 55 subordinate males; 27 of 49 subordinate females [class: likelihood ratio test (LRT): 2.26, P ¼ 0.52]),
but larger ﬁsh were more likely to perform visits than smaller ones
(size: LRT: 5.26, P ¼ 0.022). Visiting distances did not differ between different classes of ﬁsh (dominant males: 2.13 m,
0.97e3.64 m [median across all individual mean visiting distances,
range]; dominant females: 1.14 m, 0.52e4.29 m; subordinate
males: 1.29 m, 0.16e7.73 m; subordinate females: 0.88 m,
0.16e6.73 m; class: F ¼ 1.54, P ¼ 0.19; Fig. 1), and size did not inﬂuence visiting distances (size: F ¼ 1.54, P ¼ 0.77). Fish that were
recaptured in 2012 (N ¼ 71) differed from those that were not
recovered (N ¼ 84) in their propensity to perform forays (45 of 71
recaptured ﬁsh had performed visits, as had 39 of 84 ﬁsh that were
not recovered; LRT: 4.19, P ¼ 0.041), but not in their size (LRT: 0.65,
P ¼ 0.42), their group's size (LRT: 1.63, P ¼ 0.2) or their group's
nearest-neighbour distance (LRT: 0.41, P ¼ 0.52). Of the ﬁsh that
were recaptured in 2012, those that had dispersed between years
(N ¼ 31) did not differ from those that had not (N ¼ 40) with
respect to their propensity to perform forays to other groups (LRT:
0.41, P ¼ 0.52), their size (LRT: 2.11, P ¼ 0.15), their group's size (LRT:
0.56, P ¼ 0.46) or their group's nearest-neighbour distance (LRT:
0.09, P ¼ 0.76). Of 31 ﬁsh that had dispersed by 2012, 20 had been
observed to perform forays to other groups, while 11 had not. Of
these dispersers, one moved to a territory it had been observed to
visit in 2011, while 30 dispersed into territories they had not been
observed to visit during our 1 h recordings. Of 40 ﬁsh that did not
disperse between years, 25 had been observed to perform forays to
other groups, while 15 had not.
Effect of Distance on Received Aggression
Focal ﬁsh that were experimentally presented in a foreign territory received more aggression the further away the respective
presentation territory was located from their home territory
(t ¼ 2.11, P ¼ 0.032; Fig. 2).
Link Between Prospecting and Voluntary Dispersal
Of the nine subordinate vacancies opened by removals from
‘central territories’, three were taken up by subordinates joining the
respective groups, while the other six remained vacant. Two of
these joiners were previously marked and observed focal ﬁsh, but
one was an unmarked ﬁsh of unknown origin. Of all observed focal
ﬁsh, one of the marked eventual dispersers had performed by far
the most forays to the respective ‘central territory’ prior to the
removal (a total of nine visits), whereas the other marked disperser
had not been observed visiting the ‘central territory’ prior to the
removal. Of the 47 ﬁsh that stayed in their original territory, 42 had
not visited the ‘central territory’ prior to the removal, whereas ﬁve
had (albeit at low frequencies: one or two visits each). Both
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Received aggression (per 5 min)

behaved normally within those 5 min, i.e. they swam freely, interacted with other group members and/or fed. No ﬁsh went missing
during the ﬁrst 24 h after processing. We observed no negative
effects, i.e. infections, abnormal behaviour or fungal growth, caused
by marking or ﬁn clipping. In fact, clipped ﬁns regrew completely
within 3e4 weeks.
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Figure 2. Number of aggressive behaviours the focal ﬁsh received during 5 min of
presentation in a foreign territory as a function of distance between the focal ﬁsh's
home territory and the presentation territory. Triangles represent the aggression an
individual focal ﬁsh received at a ‘within prospecting distance’ territory, circles
represent the aggression an individual focal ﬁsh received at an ‘outside prospecting
distance’ territory.

eventual dispersers made forays to the respective ‘central territory’
after the removal (two and 12 visits, respectively), as did nine other
individuals (one or two visits each), whereas 38 individuals did not
visit the respective ‘central territory’ after the removal (a total of 34
individuals were never observed to make forays; Table 2). Notably,
the two ﬁsh that eventually dispersed into the ‘central territory’
spent most of the postremoval observation time (observations 4e6)
in their original home territory (1392 and 1715 of 1800 s, respectively). Thus, the actual dispersal (classiﬁed as the focal ﬁsh
spending most time in the ‘central territory’) was only detected
during the ﬁrst check a week after the removal. All of the 47 ﬁsh
that did not disperse to the ‘central territory’ stayed in their original
territories for the remainder of our ﬁeld season (i.e. for up to 6
weeks after the removal).
DISCUSSION
Our results show that prospecting behaviour in N. pulcher serves
multiple purposes. Prospecting seems to provide survival beneﬁts,
as ﬁsh that performed forays to foreign groups in one year were
more likely to survive to the next year. This beneﬁt of prospecting
was probably caused by increased familiarity between individuals
from different groups, which allows individuals to seek shelter in
foreign territories more easily (see Bergmüller, Heg, Peer, et al.,
2005). This interpretation is further supported by the observation
that ﬁsh typically visited nearby territories, and that they received
less aggression at nearer territories when experimentally forced to
intrude into them. While ﬁsh did not overall receive more aggression at territories outside typical prospecting distances compared
to territories within such distances, global aggression levels
increased with geographical distance between the respective presentation territory and the home territory.
Given the apparent positive effects of prospecting for survival, it
is unclear why nearly half of the focal ﬁsh were not observed to
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Table 2
Behavioural measurements of 49 subordinate N. pulcher belonging to territories in the vicinity of the ‘central territory’ in which a vacancy was created by removal of a large
subordinate
Prior to removal
Behaviour
Number of individuals
Time on territory
Aggression towards group members
Aggression towards foreign conspeciﬁcs
Aggression towards heterospeciﬁcs
Feeding events
Maintenance
Submission
Visits to central territory

Stay: 0V
42
1508.14
4.24
5.24
5.31
1115.33
5
4.90
0

After removal
Stay: V
5
1451.8
6.4
3.4
6.4
834.8
4.2
5
1.2

Disperse
2
1401.5
4
2
7
1191
0
6
4.5

Stay: 0V
42
1541.12
2.88
3.64
4.60
915.07
6.55
4.14
0.29

Stay: V
5
1559
3.8
7.8
10.6
810.2
6.2
2.6
0.2

Disperse
2
1553.5
3.5
5.5
1
867
1.5
5
7

Behaviours were recorded during three 10 min (1800 s) focal observations prior to the removal and three 10 min focal observations after the removal. Forty-two individuals
remained in their home territory throughout the observation period and did not perform any prospecting visits to the ‘central territory’ prior to the removal (Stay: 0V), ﬁve
individuals remained in their home territory throughout the observation period, but did perform prospecting to the ‘central territory’ prior to the removal (Stay: V) and two
individuals dispersed to the ‘central territory’ (Disperse). Measurements are given as means over all respective individuals and observations, i.e. per 1800 s (time on territory:
s; aggression towards group members/aggression towards foreign conspeciﬁcs/aggression towards heterospeciﬁcs: number of agonistic behaviours; feeding events: number
of feeding behaviours; maintenance: number of maintenance behaviours; submission: number of submissive behaviours; visits to central territory: number of forays to the
‘central territory’).

make forays to foreign groups during our surveys, which suggests
that their prospecting propensity was relatively low. There are at
least two possible explanations for this individual variation in
prospecting propensity. First, it is likely that forays are costly due to
increased risk and increased expenditure of time and energy, so
that only individuals of high quality or those in good condition are
able to afford to make them. The observed correlation between
survival and prospecting might hence result from differences in
quality between our focal ﬁsh. Second, ﬁsh might gain short-term
beneﬁts from abstaining from visiting behaviour, for instance
because they can then better focus on within-group relationships.
Experimental manipulations of prospecting behaviour will be
needed to clarify which possibility is more likely to explain the
observed variation in prospecting propensity.
Previous research has shown that in many species prospecting
precedes dispersal, and that information gathered during prospecting is used to make dispersal decisions (Clobert et al., 2009).
For example, dispersal may be directed predominantly towards
sites that have previously been prospected (Bergmüller, Heg, Peer,
et al., 2005; Dittmann et al., 2007), prospecting may be most
common at successful breeding sites (Calabuig, Ortego, Aparicio, &
€rt & Doligez, 2003) and individuals that prospect
Cordero, 2010; Pa
more may be more likely to disperse (Ward, 2005). Thus, we expected those N. pulcher that had been observed to make more
forays to foreign groups to be more likely to disperse between
years, and to preferentially direct dispersal to previously visited
territories. However, across longer time periods individual differences in prospecting behaviour did not predict future dispersal
decisions in our study: ﬁsh that had made more forays in one year
were not more likely to have dispersed by the next year, and dispersers did not preferentially join groups they had visited during
our focal observations a year before. However, in the removal
experiment one of the two eventually successful dispersers had
visited the target territory frequently prior to the removal. In
addition, dispersal events observed in the removal experiment
stretched over several days before the respective focal ﬁsh actually
spent most of its time in the target territory. During this time, focal
ﬁsh repeatedly prospected the eventual target territory. Thus, while
prospecting appears to increase familiarity between individual
N. pulcher from different groups, its role for dispersal decisions
cannot be easily unveiled. In fact, an individual's decision to
disperse to a new territory appears to be opportunistic and
observable behavioural changes take place only shortly before the
€ ttl, Chapuis, et al., 2013; similar to
actual dispersal event (see Zo
meerkats, Suricata suricatta: Mares, Bateman, English, Clutton-

Brock, & Young, 2014). Given the frequent observation of predisposed dispersal phenotypes in many animal species and their
adaptive beneﬁts (Bonte et al., 2012; Chapman et al., 2011; Clobert
et al., 2009; Fjerdingstad, Schtickzelle, Manhes, Gutierrez, &
Clobert, 2007; Tarwater & Beissinger, 2012), it is somewhat surprising that in N. pulcher individuals do not appear to be strongly
predisposed to one of two life history trajectories: dispersing or
queuing (but see Bergmüller & Taborsky, 2007 for divergent
experimental evidence).
In cooperative species, it may not pay to be predictable with
respect to dispersal decisions for at least three nonmutually
exclusive reasons. First, as outlined above, dispersal introduces a
conﬂict of interest between fellow group members. A future
disperser should aim to reduce investment in the current group,
while current group members should discriminate against individuals that invest too little in the common good and punish or
evict them (Cant et al., 2001; Fischer et al., 2014; Taylor, Rodrigues,
€ ttl, Chapuis, et al.,
Gardner, & Buckling, 2013; Tibbetts, 2007; Zo
2013). To avoid these costly consequences, it may be in a future
disperser's best interest to conceal its intentions (Queller &
Strassmann, 2013). Second, dispersal appears to be the less
preferred life history trajectory in many cooperative species, where
individuals that stay with their natal group fare better (Cockburn,
1998; Covas & Griesser, 2007; Griesser, Nystrand, & Ekman, 2006;
Pasinelli & Walters, 2002; Robbins & Robbins, 2005; Sparkman,
Adams, Steury, Waits, & Murray, 2010; Stacey & Ligon, 1991).
Thus, dispersal events often seem to be opportunistic and/or
dependent on unpredictable events, e.g. the opening of a breeding
vacancy in a foreign group, or expulsion from the natal group. Third,
it may pay to sustain good relations with the former group even
after dispersal. This is because the former group may now serve as a
safe haven, or because the dispersal turns out to not be beneﬁcial. In
fact, we have observed ﬁsh that had dispersed to frequently visit
their former group, and to occasionally rejoin their former groups
after already spending several weeks in the new group. Consequently, an individual's best bet may be to fully commit to its current group as long as it has not ﬁnally decided to disperse. For these
reasons, committing to dispersal as a life history trajectory early on
may be maladaptive in cooperative species, while the costs outlined
above do not apply to systems that do not rely on within-group
cooperation for survival and reproduction.
Our results suggest that prospecting may directly beneﬁt individuals by raising their survival chances. Our results further
provide evidence that prospecting may be part of the preparation
for dispersal in cooperative breeders. In highly social species,
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dispersal can be a complex process, as the success and payoff of
dispersal are dependent on members of groups that dispersers
leave and members of groups that dispersers join. Hence, a wide
range of social interactions needs to be considered when individuals prepare for this important life history decision.
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