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Abstract
Successful territory defence is a prerequisite for reproduction across many taxa, and often highly sensitive to the actions of 
territorial neighbours. Nevertheless, to date, assessments of the significance of the behaviour of heterospecific neighbours 
have been infrequent and taxonomically restricted. In this field study, I examined the importance of both heterospecific and 
conspecific neighbours in a biparental fish, the convict cichlid, Amatitlania siquia. This was done by assessing the colonisa-
tion rates of vacant territories, the rates of aggression by the territory holders, and the overall rates of aggression towards 
intruders, in treatments that controlled the proximity of both neighbour types. Convict cichlid pairs colonised vacant nesting 
resources (territory locations) at similar rates independent of the proximity of heterospecific (moga, Hypsophrys nicaraguensis) 
or conspecific neighbours. However, a model of sympatric cichlid intruder was subjected to considerably higher overall 
levels of aggression when mogas were nearby. In contrast, the proximity of conspecifics did not have a significant effect on 
the overall aggression towards the intruder. These results suggest that previously demonstrated higher survival of convict 
cichlid broods in close proximity of mogas may be driven by aggression towards shared enemies. No conclusive evidence 
was found regarding whether mogas also influence convict cichlids’ investment into anti-intruder aggression: the results 
show a marginally non-significant trend, and a moderately large effect size, to the direction of a lower investment in mogas’, 
but not conspecifics’, proximity. More generally, heterospecific neighbours may provide protective benefits in a wider range 
of ecological settings than commonly considered.
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Introduction

Success in aggressive defence of a breeding territory towards 
rivals and would-be predators of offspring is often a prereq-
uisite for reproduction. Territorial aggression, however, is 
costly due to the potential for injury, increased risk of pre-
dation, energy expenditure and/or time lost from foraging 

and other activities (Marler and Moore 1989; Jakobsson 
et al. 1995; Neat et al. 1998; Briffa and Elwood 2004). 
The costs of territoriality can reduce the population den-
sity at equilibrium and result in increased distances among 
individuals (López-Sepulcre and Kokko 2005). While the 
costs are likely to be affected by the proximity and iden-
tity of territorial neighbours, the presence of conspecifics 
can also entail benefits, a concept often referred to as the 
Allee effect (Courchamp et al. 1999; Stephens and Suther-
land 1999). Beneficial neighbour effects may originate, for 
example, from anti-intruder aggression or predator satiation 
(Stephens and Sutherland 1999). For instance, in the coop-
eratively breeding cichlid fish, Neolamprologus pulcher, 
both large group size and high colony density significantly 
increase group persistence, with group size and density hav-
ing interactive effects on reproductive output (Jungwirth and 
Taborsky 2015). Shelters suitable for breeding are occupied 
at a higher rate inside breeding colonies than at the colony 
edge, despite the availability of suitable habitat at the edge 

Communicated by Aaron J. Wirsing.

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s0044 2-019-04483 -0) contains 
supplementary material, which is available to authorized users.

 * Topi K. Lehtonen 
 topi.lehtonen@oulu.fi

1 Ecology and Genetics Research Unit, Faculty of Science, 
University of Oulu, Post Box 8000, 90014 Oulu, Finland

2 School of Biological Sciences, Monash University, Monash, 
VIC 3800, Australia

http://orcid.org/0000-0002-1372-9509
http://crossmark.crossref.org/dialog/?doi=10.1007/s00442-019-04483-0&domain=pdf
https://doi.org/10.1007/s00442-019-04483-0


360 Oecologia (2019) 191:359–368

1 3

(Heg et al. 2008). Interestingly, any benefits of living in such 
dense groups may be linked not only to density-dependent 
decrease of predation risk but also reduced investment into 
anti-intruder behaviours (Daly et al. 2012; Jungwirth et al. 
2015).

Similarly, intruder identity may affect the level of territo-
rial aggression (Temeles 1994; Tibbetts and Dale 2007). For 
example, in the banded mongoose, Mungos mungo, residents 
respond less aggressively to scent marks of strangers than 
those of neighbouring packs (Müller and Manser 2007). A 
reduced level of aggression towards neighbours, so called 
‘dear enemy’ effect, in turn, is widespread among animal 
taxa, such as mammals (Rosell et al. 2008; Zenuto 2010), 
birds (Hardouin et al. 2006; Briefer et al. 2008), reptiles (Fox 
and Baird 1992; Whiting 1999), amphibians (Jaeger 1981; 
Lesbarrères and Lodé 2002), fish (Aires et al. 2015; Sogawa 
et al. 2016) and insects (Pfennig and Reeve 1989; Dimarco 
et al. 2010). Indeed, an established neighbourhood may be 
associated with low costs, especially because of reduced 
aggression among well-established neighbours (Getty 1987; 
Temeles 1994). Rock pipits, Anthus petrosus, and male fid-
dler crabs of the genus Uca may even cooperate with their 
neighbours in territorial defence (Elfström 1997; Backwell 
and Jennions 2004; Detto et al. 2010).

To date, most studies investigating the significance of 
territorial relationships have focused solely on conspecifics 
(Temeles 1994; Tibbetts and Dale 2007), while heterospe-
cific neighbour interactions have not been widely considered, 
although they can be similarly important (e.g. Forsman et al. 
2002). Indeed, species differences in ecological, behavioural 
and morphological characteristics can enhance neighbour 
relationships in terms of decreased resource use overlap, 
transfer of useful information (Seppänen et al. 2007), higher 
foraging efficiency (Bshary et al. 2006), or wider-ranging 
predator detection and avoidance (Burger 1984; Semeniuk 
and Dill 2006). With regard to benefits arising from pre-
dation repellence by neighbours, individuals that aggres-
sively defend their own territory may incidentally provide 
protection to territories of heterospecifics nearby (Krams 
et al. 2009; Campobello et al. 2012). For example, gulls 
(Wheelright et al. 1997; Väänänen 2000) and terns (Young 
and Titman 1986; Nguyen et al. 2006) are thought to offer 
protection from avian nest predators to other bird species 
nesting nearby. In addition, the stronger and more vigorous 
the individual(s) providing such protection, the higher the 
benefits to the nests in close proximity are likely to be: a 
predator can be expected to leave an area sooner, and have 
a lower success rate, when it is harassed intensively. The 
importance of the protector vigour is indirectly suggested, 
for instance, by predation rates on unguarded, ‘dummy’ 
nests being negatively correlated with aggressiveness of the 
female Eurasian hobby, Falco subbuteo, defending her own 
nest nearby (Bogliani et al. 1999).

To date, however, there has been very little quantitative 
evidence regarding intruders being actively chased away 
by the putative protective heterospecifics (Quinn and Ueta 
2008). Furthermore, protection resulting from heterospecif-
ics’ behaviour has been studied almost exclusively among 
birds or between birds and hymenoptera (Quinn and Ueta 
2008). It is nevertheless possible that protective heterospe-
cific interactions are also important in a range of other taxa. 
Benthic Lake Tanganyika cichlid fish, Xenotilapia bouleng-
eri, can benefit from less frequent harassment by scale-eat-
ing cichlids, Perissodus microlepis and Plecodus straeleni, 
when staying in the proximity of aggressive substrate-
brooding cichlids of the genus Lepidiolamprologus (Ochi 
and Yanagisawa 1998). Two species of closely related social 
cichlids with helper individuals, Neolamprolgus pulcher and 
N. savoryi, in turn, form colonies consisting of individuals 
of both species (Heg et al. 2008).

To investigate protective territorial aggression, and poten-
tial for energy savings with regard to heterospecific and con-
specific neighbours, I focused on two species of Neotropical, 
territorial cichlid fish, convict cichlids, Amatitlania siquia, 
and mogas, Hypsophrys nicaraguensis (Fig. 1a). In both spe-
cies, the male and female of a breeding pair claim a territory, 
which is then aggressively defended as a site for egg laying 
and later rearing the fry (McKaye 1977a; Lehtonen 2008; 
Lehtonen et al. 2015). Aggressive territory defence plays 
an essential role in the parental success in both species. In 
particular, competition for breeding territory sites, with both 
conspecific and heterospecific rivals, can be intense (McK-
aye 1977a; Lehtonen and Lindström 2008; Lehtonen et al. 
2015), and predation on offspring and territorial takeovers 
are thought to be the primary causes of brood failure (McK-
aye 1977a, 1986; Lehtonen 2008). Interestingly, an earlier 
study showed that close proximity to a moga territory boosts 
the survival of convict cichlid broods (Lehtonen 2008). To 
date, however, mechanisms mediating the positive effects of 
mogas’ presence have not been assessed.

Here, I tested the hypothesis that aggressive territory 
defence by mogas could provide protection to territories of 
convict cichlids and especially to their broods. I also inves-
tigated the Allee effect, i.e. whether the proximity of con-
specifics has comparable effects. I focused on the following 
three aspects of convict cichlids’ breeding territory acquisi-
tion and maintenance with respect to both moga and con-
specific neighbours. First, to experimentally assess the rate 
of territory colonisation by convict cichlids in the presence 
of mogas and conspecifics, I placed vacant nesting resources 
(i.e. suitable territory locations), both close to, and farther 
away from, occupied heterospecific (moga) and conspecific 
(convict cichlid) territories. Second, I investigated whether 
more aggression is directed towards intruders close to the 
focal convict cichlid broods (territories) under the different 
neighbourhood scenarios (mogas and conspecifics either 
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nearby or farther away). Finally, I tested the hypothesis that 
the focal convict cichlids might invest less energy into terri-
tory and brood defence when their territory is located close 
to a moga or conspecific territory.

Materials and methods

The study consisted of three experiments, as detailed below, 
and it was conducted between November and December 
2016, by scuba diving in Crater Lake Xiloá. The lake is 
located in western Nicaragua (latitude 12°12.8′N; longitude 
86°19.0′W) and has moderately clear water (horizontal vis-
ibility during this study approximately 2–7 m). Convict cich-
lids occur in high numbers throughout the littoral zone of the 
lake, while apparently being limited by suitable nesting cavi-
ties that are required for successful reproduction and pro-
vide shelter for their eggs and fry (Lehtonen 2008; Lehtonen 
and Lindström 2008). Indeed, convict cichlid pairs readily 
accept an artificial nesting resource as the central structure 
within their territory and therefore the resources can be 

used to manipulate the locations of convict cichlid territo-
ries (Lehtonen 2008; Lehtonen and Lindström 2008; Fig. 1). 
Mogas are also common in the lake (Lehtonen et al. 2015) 
and typically excavate burrows in the substratum for the 
purpose of hiding their offspring (Lehtonen 2008; personal 
observations). Unlike those of convict cichlids, moga territo-
ries are not limited by pre-existing cavities that can be used 
for shelter. However, due to their larger body size (typical 
male standard length in mogas and convict cichlids: ~ 10 cm 
and ~ 5 cm, respectively; McKaye 1977a), reproduction of 
mogas may also be limited by availability of suitable (e.g. 
with regard to substratum type) territory space, which is 
often under competition with other cichlid species (McK-
aye 1977a, b; Lehtonen et al. 2015). Despite mogas being 
larger than convict cichlids, the two species use an overlap-
ping niche space, and their juveniles, in particular, are likely 
to have very similar diets and shared would-be predators 
(McKaye 1977a; Lehtonen 2008; personal observations).

Experiment 1

The aim of experiment 1 was to investigate whether vacant 
shelters (i.e. potential territory locations) are colonised faster 
by convict cichlid pairs when shelters are in close proximity 
to moga territories, as compared to those farther away from 
mogas. The experiment was initiated by manipulating the 
location of convict cichlid territories by placing a shelter 
either ‘close’ to (~ 50 cm), or ‘far’ from (150–180 cm), a 
moga territory (see Lehtonen 2008), at the depth of 2–3 m. 
Here, as well as in the two following experiments, I avoided 
placing shelters close to (within ~ 130 cm) any other fish ter-
ritories. I randomised (using 1/100 s display of a waterproof 
stopwatch) whether a particular territory was assigned to the 
‘close’ or ‘far’ treatment. As shelters, hereon called ‘nest-
ing resources’, that are suitable for establishment of con-
vict cichlid territories, I used clay flowerpots (maximum 
diameter: 8 cm, height: 6.5 cm) that had an entrance hole 
(~ 4 cm × 2.5 cm) on one side, and were turned upside down 
to rest on the substratum (see Lehtonen 2008). In contrast, 
moga territories in the study area were defined by excava-
tions that the fish had dug in the sediment (Lehtonen 2008). 
The ‘close’ distance (~ 50 cm) was chosen to correspond to a 
typical radius of a moga territory (Lehtonen 2008; Lehtonen 
et al. 2015; Lehtonen and Wong 2017), as well as the low 
end of between-territory distances commonly observed in 
the wild (personal observations; see also Lehtonen et al. 
2018).

After initiation of the experiment, nesting resources were 
checked once a day, 6–7 days a week, until they were colo-
nised by convict cichlids. A nesting resource was considered 
to be colonised when a convict cichlid pair was defending 
eggs laid on the nesting resource’s inner surface (Lehtonen 
2008; Lehtonen and Lindström 2008). In two cases, the 

Fig. 1  Convict cichlids occupying an artificial nesting resource and 
on the background a a moga male and non-breeding convict cichlids 
and b the intruder model
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nesting resource went missing after a few days (and before 
being colonised), and these replicates were, therefore, 
included in the survival analysis (see below) as ‘right cen-
sored’ data points (i.e. above a certain value but it remained 
unknown by how much; Lagakos 1979). One of the nest-
ing resources was colonised by a species other than convict 
cichlids (poor man’s tropheus, Hypsophrys nematopus), and 
resulted in a disregarded replicate. Colonisation of nesting 
resources was assessed for N = 25 replicates (15 in ‘near’ and 
10 in ‘far’ category).

Statistical analyses were conducted using R 3.3.2 soft-
ware (R Development Core Team). To compare the colonisa-
tion rates between nesting resources close to, and far from, 
moga territories, I used Cox proportional hazard estimation 
(‘survival’ package in R). Each convict cichlid nesting loca-
tion was used only once.

Experiment 2

Experiment 2 complemented experiment 1 by adding the 
proximity of conspecifics as another factor that might explain 
the colonisation rate of vacant nesting resources (territory 
locations). Each replicate was initiated after the focal nesting 
resource in experiment 1 was colonised. At that point, a sec-
ond nesting resource (identical to that of experiment 1, and 
hereon called the ‘secondary nesting resource’) was placed 
either close to (~ 50 cm), or far from (150–180 cm), the pri-
mary nesting resource of experiment 1. I again randomised 
(as described above) to which treatment each replicate was 
assigned. Importantly, the distance between the secondary 
nesting resource and the nearest moga territory was also kept 
at either ~ 50 cm (close) or 150–180 cm (far), resulting in a 
2 × 2 design with regard to the proximity and species of the 
neighbours. As above, when placing the nesting resources, 
close proximity of cichlid territories, other than those of the 
focal (i.e. nearest) moga and conspecific pairs, was avoided. 
In some cases, the focal moga territory either failed or the 
moga parents relocated their offspring during the replicate 
(see Lehtonen 2008). In such cases, the replicate was con-
sidered to be in the ‘far from moga’ category, as long as 
another moga territory was located within 130–260 cm from 
the secondary nesting resource (N = 3).

If the replicate needed to be terminated for logistic rea-
sons (time constraints, a break in air tank availability) before 
the secondary nesting resource was colonised, the replicate 
was included as a right censored data point in the analysis 
(Lagakos 1979). The number of days until the secondary 
nesting resource was colonised, in relation to the proximity 
of the nearest moga territory (close versus far) and near-
est conspecific territory (close versus far), as well as their 
interaction, was assessed using Cox proportional hazard esti-
mation (‘survival’ package). Colonisation of N = 21 nesting 
resources was assessed.

Experiment 3

In experiment 3, I assessed the rate of aggression directed 
to an intruder model, which was placed next to the focal 
convict cichlid territory that was associated with a nest-
ing resource (see above) and occupied by a convict cichlid 
pair. In particular, to have control over intruder approaches, 
I presented the focal convict pair with a ‘dummy’ model 
of a sympatric cichlid fish, Amphilophus sagittae (as per 
Lehtonen 2017; Lehtonen and Wong 2017; Fig. 1b). This 
intruder species was chosen because it shares the same 
breeding habitat with both mogas and convict cichlids, and 
it is their potential territory space competitor and/or preda-
tor of their offspring (McKaye 1977a; Lehtonen et al. 2015). 
Amphilophus sagittae has two colour morphs, of which I 
used the ‘gold’ morph, because an earlier study (Anderson 
et al. 2016), and pilot trials conducted in early November 
2016, suggested that convict cichlids are markedly more 
responsive towards brighter coloured opponents. Similarly, 
mogas have been found to be up to 50% more aggressive 
towards the gold than the dark colour morph (Lehtonen 
et al. 2015). More generally, hand-made intruder models 
have been very useful for measuring rates of aggression in 
cichlids (Cravchik and Pazo 1990; Barlow and Siri 1994; 
Ochi and Awata 2009), including the convict cichlid (Beech-
ing et al. 1998; Anderson et al. 2016) and moga (Lehtonen 
et al. 2015; Lehtonen and Wong 2017). The intruder model 
used in the current study was made by glueing a waterproof, 
photographic colour print of the lateral side of an adult A. 
sagittae (sex unknown) onto each lateral side of an elliptical 
floating plate (thickness: 6 mm). The model was 16 cm long 
and attached to a small sinker with a thin, transparent fishing 
line (following Lehtonen 2017; Lehtonen and Wong 2017), 
so that it floated in a natural position approximately 10 cm 
above the substratum (Fig. 1b).

To start an aggression assessment trial, I placed the 
intruder model at a distance of ~ 35 cm from the focal con-
vict cichlid territory (Fig. 2). Despite the focal territory 
being associated with a nesting resource, for practical rea-
sons, the distance between the intruder model and territory 
was defined by the location of the brood (as per Lehtonen 
2017). The focal territory, in turn, was located either close 
(~ 50 cm) or far (150–180 cm) in relation to the near-
est conspecific territory (also associated with a nesting 
resource), as well as the nearest moga territory, resulting 
in a 2 × 2 design. The treatment to which each replicate 
was assigned was randomised, as described above. The 
model intruder was placed so that it was clearly visible 
from the directions of all of three territories (focal convict 
cichlid, treatment convict cichlid and treatment moga), 
while closest to the focal territory (Fig. 2). I then counted 
the number of aggressive responses by the focal pair, any 
mogas, and all other, miscellaneous fish (together allowing 
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assessment of the overall rate of aggression), towards 
the intruder model for 5 min. Such counts of aggressive 
responses have, in some previous studies, been referred 
to as the ‘total aggression rate’ (sensu Lehtonen et al. 
2012; Oldfield et al. 2015). Typical aggressive responses 
involved either a rapid advance (often followed by a bite 
and a retreat), or slow movement towards the intruder 
model with pronouncedly flared gill covers and fins. 
Experiment 3 (N = 22 replicates) was conducted 1–9 days 
(mean ± S 6.6 ± 0.5) after colonisation of the focal nest.

The response variables (i.e. counts of aggression) were 
checked for normality (with shapiro.test function; Royston 
1995) and homogeneity of variance (with bartlett.test func-
tion; Bartlett 1937), as well as visually by plotting the resid-
uals. After square root transformation, it was appropriate 
to apply general linear models (‘lm’ function in R) for the 
analyses of the overall aggression rate displayed by all fish 
and aggression rate displayed by the focal convict cichlids. 
Aggression rate by all mogas, in turn, was analysed using a 
negative binomial distribution, as appropriate for overdis-
persed count data (‘glm.nb’ function in R). In all standalone 
models [i.e. (i) overall aggression by all fish, (ii) aggression 
by focal convict cichlids—used as a proxy of their workload 
and (iii) aggression by mogas], the distance to the closest 
mogas (close/far) and convict cichlid neighbours (close/far), 
as well as the interaction between these two factors, were 
denoted as explanatory variables. To minimise the effect of 
the number of days after the focal nest was colonised, it was 
added as a covariate. If the interaction between the prox-
imity of neighbouring mogas and conspecifics was found 
to be non-significant, I then refitted the model without the 

interaction, before interpreting the main effects (as per Craw-
ley 2007).

Results

Experiment 1

There was no significant difference in the colonisation rates 
of nesting resources placed close to, versus farther away 
from, moga territories (Cox proportional hazard estimation, 
z = 1.091, P = 0.28).

Experiment 2

The moga × conspecific neighbour proximity interaction did 
not have a significant effect on the colonisation rate of the 
secondary nesting resource (Cox proportional hazard esti-
mation, z = 0.401, P = 0.69). Refitted without the interaction 
effect, the model indicated that the colonisation rate of the 
secondary nest was not significantly affected by the distance 
to the nearest moga territory (Cox proportional hazard esti-
mation, z = 1.096, P = 0.27). Similarly, the proximity of the 
nearest conspecific territory did not have a significant effect 
on the colonisation rate (Cox proportional hazard estimation, 
z = 0.374, P = 0.71).

Experiment 3

1. Overall aggression by all fish: after removal of the non-
significant interaction term (F1,17 = 0.9823, P = 0.34), 
the simplified model showed that the overall rate of 
aggression (by all fish) towards an intruder model was 
significantly higher when there was a moga territory in 
close proximity than when the closest moga territory 
was farther away (linear model, F1,18 = 17.09, P < 0.001; 
Fig. 3a), whereas proximity of a conspecific territory 
(linear model, F1,18 = 0.7522, P = 0.40; Fig. 3b) and the 
covariate (linear model, F1,18 = 2.671, P = 0.12) did not 
have a significant effect.

2. Aggressive responses by the focal convict cichlid pair: 
the moga × conspecific neighbour interaction term 
had a marginally non-significant effect (F1,17 = 4.043, 
P = 0.060). When the interaction was removed before 
interpreting the main effects (as per Crawley 2007), the 
proximity of a moga territory had a marginally non-
significant effect: the focal convict cichlid pair tended 
to display a lower rate of aggression in mogas’ presence 
(F1,18 = 3.552, P = 0.076; Fig. 3a). Neither the proxim-
ity of a conspecific territory (F1,18 = 0.0565, P = 0.81; 
Fig. 3b) nor the covariate (F1,18 = 0.7522, P = 0.40) 
had a significant effect. The conclusions remained the 
same if the marginally non-significant interaction term 

XX

XX

)ii()i(

)vi()iii(

X

Focal convict cichlids
Conspecific territory
Moga territory
Intruder stimulus

Fig. 2  Schematic top view of the different treatments in experiment 
3 (N = 22). The different treatments were: (i) the nearest moga and 
conspecific territories close (N = 3); (ii) moga close, conspecific far 
(N = 6); (iii) moga far, conspecific close (N = 7); (iv) both moga and 
conspecific territories far (N = 6)
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was retained in the model: moga effect (F1,17 = 4.153, 
P = 0.057), conspecific effect (F1,17 = 0.0661, P = 0.80), 
the covariate (F1,17 = 0.8829, P = 0.36).

3. Aggression by mogas: I first removed the non-signif-
icant interaction term (general linear model, z = 0.00, 
P = 1.0). The simplified model showed that the proxim-
ity of moga neighbours had a highly significant effect 
(z = 9.267, P < 0.001): the rate of aggression by mogas 
directed to the intruder was much higher when there 
was a moga territory in the vicinity of the focal convict 
cichlid territory (Fig. 3a). This aggression was displayed 
almost exclusively by the nearest moga territory hold-
ers. The proximity of the neighbouring convict cichlid 
territory (i.e. focal convict cichlids’ conspecifics) also 
had an effect (z = 2.057, P = 0.040), with mogas dis-
playing a lower rate of aggression towards the intruder 
when a neighbouring convict cichlid territory was close 
(Fig. 3b). The covariate did not have a significant effect 
(z = 0.832, P = 0.41).

Discussion

An intruder model placed next to a convict cichlid territory 
was subjected to more than twice the number of aggres-
sive responses per unit time when there was also a moga 
territory in close proximity than when the nearest moga 
territory was farther away. Manipulation of the proximity 
of the nearest conspecific (i.e. convict cichlid) territory, in 
turn, did not significantly affect the overall rate of aggres-
sion directed to the intruder. Interestingly, mogas’ share 
of the overall rate of aggression towards the intruder was 
considerable and much higher when the moga territory 
was close to the focal convict cichlid territory than when 
farther away from it. These results support the hypothesis 
that aggression by mogas towards shared territorial intrud-
ers benefits convict cichlids. In particular, convict cichlids 
that have a territory close to that of mogas not only have 
a higher brood survival (Lehtonen 2008), but an intruder 
of a convict cichlid territory is also subjected to higher 
overall levels of aggression in mogas’ proximity. Most of 
that higher level of overall aggression is displayed by the 
neighbouring mogas. More generally, the results provide 
evidence for protective heterospecific associations among 
taxa other than certain bird species (see Quinn and Ueta 
2008). Most previous studies have provided only anec-
dotal evidence for attacks towards predators by the more 
aggressive species (‘protector’), and intensities of territory 
defence have rarely been assessed (Quinn and Ueta 2008). 
The current results are, therefore, significant in demon-
strating the intensity of such aggression-mediated protec-
tive associations in a heterospecific context, and how this 
can take place in non-avian species, such as fish. This is 
relevant especially because predation is a strong selective 
pressure across a range of different taxa and commonly 
one of the leading causes of mortality in prey species 
(Almany and Webster 2006; Lima 2009).

The result that the proximity of conspecifics did not 
have a significant effect on the overall rate of aggression 
directed to an intruder implies that conspecific convict 
cichlids provide much less protection against brood preda-
tors than mogas. In addition, the costs of close neighbour 
proximity might be higher in the case of conspecifics than 
mogas, due to intraspecific aggression and sexual com-
petition. Indeed, an earlier study suggests that nesting 
resources that are sparsely distributed are more popular 
among convict cichlids than more aggregated nesting 
resources (Lehtonen and Lindström 2008). The phase of 
convict cichlids’ territory establishment, with regard to 
the number of days from territory colonisation, did also 
not have a significant effect on any of the aggression rates.

Energy savings in relation to anti-predator behav-
iours have recently been suggested to be among the main 

(a)

(b)

Fig. 3  The overall numbers of aggressive responses towards a model 
intruder placed next to a convict cichlid territory, with a breakdown 
by the aggressor group. The intruder model, as well as the focal con-
vict cichlid territory, was either in close proximity to, or farther away 
from, a the nearest moga territory (NClose = 9, NFar = 13) and b the 
nearest conspecific territory (NClose = 10, NFar = 12)
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benefits of living in conspecific groups (Daly et al. 2012; 
Jungwirth et al. 2015). In addition, territory owners of 
some species adjust the level of their territorial aggression 
according to the perceived local predation pressure (Graw 
and Manser 2007; Kaplan et al. 2009; Dutour et al. 2016). 
Here, focal convict cichlid pairs exhibited 84% higher 
level of territorial aggression towards an intruder when 
their territory was ‘farther away from’, as compared to 
‘closer to’ the nearest moga territory (Fig. 3). In the case 
of the proximity of the nearest conspecific territory, the 
effect was only 6% and in the opposite direction (Fig. 3). 
Whether the proximity of mogas does indeed result in any 
energy savings remained unresolved: the moderately high 
difference in the level of convict cichlids’ aggression close 
to, versus farther away from, mogas was marginally non-
significant. In addition, if intruder pressure is particularly 
high close to moga territories, any energy savings to con-
vict cichlids nearby, due to mogas’ aggressiveness, could 
be negated. Such a scenario is unlikely, however, because 
there were no noticeable differences in the numbers of 
potential intruders approaching moga territories versus 
adjacent territories or areas (personal observations). Con-
vict cichlid broods also have a higher survival when close 
to moga territories (Lehtonen 2008), further suggesting 
that intruder pressure is not more intense close to mogas.

Competitive interactions among conspecifics might affect 
alertness or prioritisation of aggression by focal convict 
cichlids (see Lehtonen and Lindström 2008). Similarly, if 
convict cichlids perceive territories close to mogas as of 
particularly high value, they might be expected to defend 
their broods at such sites more aggressively (Arnott and 
Elwood 2008). However, proximity of conspecifics did not 
have a significant effect on the rate of aggression by focal 
convict cichlids, and if anything, convict cichlids displayed 
less aggression to an intruder when a moga territory was 
close by, presumably due to mogas’ protective aggression. 
In a similar fashion, mogas directed less aggression to an 
intruder when there was another convict cichlid territory 
close to the focal one.

Convict cichlid pairs did not colonise nesting resources at 
different rates with respect to proximity of mogas or conspe-
cifics. The lack of a positive moga effect might be seen sur-
prising, given the benefits associated with mogas’ presence 
(Lehtonen 2008; the current study). Similarly, one might 
have expected a negative effect by the presence of conspecif-
ics, because of the high level of their intraspecific aggres-
sion, and an earlier study showing that nesting resources are 
more popular among convict cichlids when sparsely spaced 
rather than aggregated (Lehtonen and Lindström 2008). 
What might have been the reasons for the lack of any treat-
ment effects in the rate of colonisation of nesting resources? 
First, territory-holding mogas, as well as conspecifics, are 
very aggressive towards convict cichlids that are not their 

established neighbours (Lehtonen 2008; personal observa-
tions), which may make the establishment of a territory in 
close proximity to moga (and conspecific) neighbours dif-
ficult. In this respect, the presence of mogas is likely to result 
not only in benefits but also costs, due to their aggressive-
ness and/or competition for resources (as suggested by McK-
aye 1977a). Second, because nest colonisation was based on 
the presence of eggs (as per Lehtonen 2008; Lehtonen and 
Lindström 2008), the colonisation rate may have been simi-
larly limited across all treatments, by either pair formation or 
convict cichlid females’ readiness to lay eggs. Third, if qual-
ity of territories varies for reasons other than the presence of 
mogas or conspecifics (for instance, because of non-standard 
distances to the closest territories of other fish), detection of 
any treatment differences could be more difficult.

Thus far, the association between convict cichlids and 
mogas has only been examined from the point of view of 
the former. However, it is likely that convict cichlid breed-
ing pairs are not particularly costly neighbours to mogas, 
as suggested by the smaller natural minimum distances 
between moga and convict cichlid territories than adjacent 
moga territories (personal observations), and the relatively 
low rates of aggression between established moga and con-
vict cichlid neighbours (Lehtonen 2008). More broadly, the 
costs and benefits of having a territory in close proximity to 
a neighbour may be context dependent. For instance, great 
tits, Parus major, prefer to nest in trees with ants—which 
may pose a danger of injury for both predators as well as 
the nesting great tits—in areas of high, but not low, preda-
tor abundance (Haemig 1999). Such context dependency 
of heterospecific associations may have contributed to the 
research focus, to date, having been biased towards conspe-
cifics and a limited range of taxa. In this respect, the findings 
of the current study suggest that valuable avenues for future 
research include consideration of a diverse array of animal 
groups, precise quantifications of (protective) heterospecific 
interactions and comparisons of the interactions in the pres-
ence versus absence of both heterospecific and conspecific 
neighbours. Indeed, by influencing reproductive success in 
key species, protective heterospecific interactions may have 
important community level implications (see Bruno et al. 
2003).

To conclude, this study shows that a model intruder 
placed close to a convict cichlid territory was subjected to 
considerably higher levels of aggression when there was 
a moga territory in close proximity than when the nearest 
moga territory was farther away. The proximity of a conspe-
cific territory did not have an effect. With regard to potential 
for energy savings in anti-intruder aggression, only weak 
support was found in close proximity to mogas and none 
near to conspecifics. Moreover, vacant nesting resources 
were colonised at similar rates, independent of the proximity 
of the nearest moga or conspecific territory. Overall, these 
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results are consistent with the previous finding of a higher 
brood success in the proximity of moga territories (Lehtonen 
2008), by suggesting that the improved brood survival could 
result from aggression towards shared intruders by territo-
rial mogas. Hence, the results underscore the importance 
of considering and quantifying protective interactions in a 
diverse array of taxa.

Acknowledgements Open access funding provided by University of 
Oulu including Oulu University Hospital. I am grateful to Ilppo Kajaste 
for his help with setting up the study and joining many of the dives in 
Lake Xiloá, to Marta Barluenga, Ken McKaye and the Peace Project 
crew (especially Theo and Lisa) for logistic support in Nicaragua, to 
Bob Elwood, Bob Wong, Marta Barluenga and anonymous referees 
for helpful tips, comments and discussions, and to Natarsha Babic for 
proofreading an earlier version of the text.

Author contribution statement TKL conceived, designed and executed 
this study and wrote the manuscript. No other person is entitled to 
authorship.

Funding  The planning phase of this research benefitted from the SYN-
THESYS (http://www.synth esys.info/) project, which was financed by 
European Community Research Infrastructure Action under the FP7 
“Capacities” Program.

Compliance with ethical standards 

Conflict of interest The author declares that he has no conflict of inter-
est.

Ethical approval All applicable institutional and national guidelines 
for the care and use of animals were followed.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Aires RF, Oliveira GA, Oliveira TF, Ros AFH, Oliveira RF (2015) Dear 
enemies elicit lower androgen responses to territorial challenges 
than unfamiliar intruders in a cichlid fish. PLoS One 10:e0137705. 
https ://doi.org/10.1371/journ al.pone.01377 05

Almany GR, Webster MS (2006) The predation gauntlet: early post-
settlement mortality in reef fishes. Coral Reefs 25:19–22. https ://
doi.org/10.1007/s0033 8-005-0044-y

Anderson C, Jones R, Moscicki M, Clotfelter E, Earley RL (2016) 
Seeing orange: breeding convict cichlids exhibit heightened 
aggression against more colorful intruders. Behav Ecol Sociobiol 
70:647–657. https ://doi.org/10.1007/s0026 5-016-2085-3

Arnott G, Elwood RW (2008) Information gathering and decision mak-
ing about resource value in animal contests. Anim Behav 76:529–
542. https ://doi.org/10.1016/j.anbeh av.2008.04.019

Backwell PRY, Jennions MD (2004) Coalition among male fiddler 
crabs. Nature 430:417. https ://doi.org/10.1038/43041 7a

Barlow GW, Siri P (1994) Polychromatic Midas cichlids respond to 
dummy opponents: color, contrast and context. Behaviour 130:77–
112. https ://doi.org/10.1163/15685 3994X 00154 

Bartlett MS (1937) Properties of sufficiency and statistical tests. Proc 
R Soc A 160:268–282. https ://doi.org/10.1098/rspa.1937.0109

Beeching SC, Gross SH, Bretz HS, Hariatis E (1998) Sexual dichro-
matism in convict cichlids: the ethological significance of female 
ventral coloration. Anim Behav 56:1021–1026. https ://doi.
org/10.1006/anbe.1998.0868

Bogliani G, Sergio F, Tavecchia G (1999) Woodpigeons nesting 
in association with Eurasian hobby falcons: advantages and 
choice rules. Anim Behav 57:125–131. https ://doi.org/10.1006/
anbe.1998.0959

Briefer E, Rybak F, Aubin T (2008) When to be a dear enemy: flexible 
acoustic relationships of neighbouring skylarks, Alauda arven-
sis. Anim Behav 76:1319–1325. https ://doi.org/10.1016/j.anbeh 
av.2008.06.017

Briffa M, Elwood RW (2004) Use of energy reserves in fighting her-
mit crabs. Proc R Soc B 271:373–379. https ://doi.org/10.1098/
rspb.2003.2633

Bruno JF, Stachowicz JJ, Bertness MD (2003) Inclusion of facilitation 
into ecological theory. Trends Ecol Evol 18:119–125. https ://doi.
org/10.1016/S0169 -5347(02)00045 -9

Bshary R, Hohner A, Ait-El-Djoudi K, Fricke H (2006) Interspecific 
communicative and coordinated hunting between groupers and 
giant moray eels in the Red Sea. PLoS Biol 4:2393–2398. https ://
doi.org/10.1371/journ al.pbio.00404 31

Burger J (1984) Grebes nesting in gull colonies: protective asso-
ciations and early warning. Am Nat 123:327–337. https ://doi.
org/10.1086/28420 7

Campobello D, Sarà M, Hare JF (2012) Under my wing: lesser kestrels 
and jackdaws derive reciprocal benefits in mixed-species colonies. 
Behav Ecol 23:425–433. https ://doi.org/10.1093/behec o/arr20 7

Courchamp F, Clutton-Brock T, Grenfell B (1999) Inverse density 
dependence and the Allee effect. Trends Ecol Evol 14:405–410. 
https ://doi.org/10.1016/S0169 -5347(99)01683 -3

Cravchik A, Pazo JH (1990) Responses elicited by species-specific 
models in the cichlid Crenicichla lepidota (Heckel). Int J Neurosci 
52:93–97. https ://doi.org/10.3109/00207 45900 89942 48

Crawley MJ (2007) The R book. Wiley, Chichester
Daly D, Higginson AD, Chen D, Ruxton GD, Speed MP (2012) Den-

sity-dependent investment in costly anti-predator defences: an 
explanation for the weak survival benefit of group living. Ecol 
Lett 15:576–583. https ://doi.org/10.1111/j.1461-0248.2012.01770 
.x

Detto T, Jennions MD, Backwell PRY (2010) When and why do ter-
ritorial coalitions occur? Experimental evidence from a fiddler 
crab. Am Nat 175:E119–E125. https ://doi.org/10.1086/65158 8

Dimarco RD, Farji-Brener AG, Premoli AC (2010) Dear enemy phe-
nomenon in the leaf-cutting ant Acromyrmex lobicornis: behav-
ioral and genetic evidence. Behav Ecol 21:304–310. https ://doi.
org/10.1093/behec o/arp19 0

Dutour M, Lena J-L, Lengagne T (2016) Mobbing behaviour varies 
according to predator dangerousness and occurrence. Anim Behav 
119:119–124. https ://doi.org/10.1016/j.anbeh av.2016.06.024

Elfström ST (1997) Fighting behaviour and strategy of rock pipit, 
Anthus petrosus, neighbours: cooperative defence. Anim Behav 
54:535–542. https ://doi.org/10.1006/anbe.1996.0492

Forsman JT, Seppänen J-T, Mönkkönen M (2002) Positive fitness 
consequences of interspecific interaction with a potential com-
petitor. Proc R Soc B 269:1619–1623. https ://doi.org/10.1098/
rspb.2002.2065

Fox SF, Baird TA (1992) The dear enemy phenomenon in the col-
lared lizard Crotaphytus collaris, with a cautionary note on 
experimental methodology. Anim Behav 44:780–782. https ://doi.
org/10.1016/S0003 -3472(05)80306 -9

http://www.synthesys.info/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pone.0137705
https://doi.org/10.1007/s00338-005-0044-y
https://doi.org/10.1007/s00338-005-0044-y
https://doi.org/10.1007/s00265-016-2085-3
https://doi.org/10.1016/j.anbehav.2008.04.019
https://doi.org/10.1038/430417a
https://doi.org/10.1163/156853994X00154
https://doi.org/10.1098/rspa.1937.0109
https://doi.org/10.1006/anbe.1998.0868
https://doi.org/10.1006/anbe.1998.0868
https://doi.org/10.1006/anbe.1998.0959
https://doi.org/10.1006/anbe.1998.0959
https://doi.org/10.1016/j.anbehav.2008.06.017
https://doi.org/10.1016/j.anbehav.2008.06.017
https://doi.org/10.1098/rspb.2003.2633
https://doi.org/10.1098/rspb.2003.2633
https://doi.org/10.1016/S0169-5347(02)00045-9
https://doi.org/10.1016/S0169-5347(02)00045-9
https://doi.org/10.1371/journal.pbio.0040431
https://doi.org/10.1371/journal.pbio.0040431
https://doi.org/10.1086/284207
https://doi.org/10.1086/284207
https://doi.org/10.1093/beheco/arr207
https://doi.org/10.1016/S0169-5347(99)01683-3
https://doi.org/10.3109/00207459008994248
https://doi.org/10.1111/j.1461-0248.2012.01770.x
https://doi.org/10.1111/j.1461-0248.2012.01770.x
https://doi.org/10.1086/651588
https://doi.org/10.1093/beheco/arp190
https://doi.org/10.1093/beheco/arp190
https://doi.org/10.1016/j.anbehav.2016.06.024
https://doi.org/10.1006/anbe.1996.0492
https://doi.org/10.1098/rspb.2002.2065
https://doi.org/10.1098/rspb.2002.2065
https://doi.org/10.1016/S0003-3472(05)80306-9
https://doi.org/10.1016/S0003-3472(05)80306-9


367Oecologia (2019) 191:359–368 

1 3

Getty T (1987) Dear enemies and the prisoner’s dilemma: why should 
territorial neighbours form defensive coalitions? Am Zool 
27:327–336. https ://doi.org/10.1016/0003-3472(89)90125 -5

Graw B, Manser MB (2007) The function of mobbing in cooperative 
meerkats. Anim Behav 74:507–517. https ://doi.org/10.1016/j.
anbeh av.2006.11.021

Haemig PD (1999) Predation risk alters interactions among species: 
competition and facilitation between ants and nesting birds in 
a boreal forest. Ecol Lett 2:178–184. https ://doi.org/10.104
6/j.1461-0248.1999.00065 .x

Hardouin LA, Tabel P, Bretagnolle V (2006) Neighbour-stranger dis-
crimination in the little owl, Athene noctua. Anim Behav 72:105–
112. https ://doi.org/10.1016/j.anbeh av.2005.09.020

Heg D, Heg-Bachar Z, Brouwer L, Taborsky M (2008) Experimen-
tally induced helper dispersal in colonially breeding cooperative 
cichlids. Environ Biol Fish 83:191–206. https ://doi.org/10.1007/
s1064 1-007-9317-3

Jaeger RG (1981) Dear enemy recognition and the costs of aggres-
sion between salamanders. Am Nat 117:962–974. https ://doi.
org/10.1086/28378 0

Jakobsson S, Brick O, Kullberg C (1995) Escalated fighting behaviour 
incurs increased predation risk. Anim Behav 49:235–239. https 
://doi.org/10.1016/0003-3472(95)80172 -3

Jungwirth A, Taborsky M (2015) First- and second-order sociality 
determine survival and reproduction in cooperative cichlids. Proc 
R Soc B 282:20151971. https ://doi.org/10.1098/rspb.2015.1971

Jungwirth A, Josi D, Walker J, Taborsky M (2015) Benefits of 
coloniality: communal defence saves anti-predator effort in 
cooperative breeders. Funct Ecol 29:1218–1224. https ://doi.
org/10.1111/1365-2435.12430 

Kaplan G, Johnson G, Koboroff A, Rogers LJ (2009) Alarm calls of 
the Australian Magpie (Gymnorhina tibicen): I. Predators elicit 
complex vocal responses and mobbing behaviour. Open Ornithol 
J 2:7–16. https ://doi.org/10.2174/18744 53200 90201 0007

Krams I, Bērziņš A, Krama T (2009) Group effect in nest defence 
behaviour of breeding pied flycatchers, Ficedula hypoleuca. Anim 
Behav 77:513–517. https ://doi.org/10.1016/j.anbeh av.2008.11.007

Lagakos SW (1979) General right censoring and its impact on the 
analysis of survival data. Biometrics 35:139–156. https ://doi.
org/10.2307/25299 41

Lehtonen TK (2008) Convict cichlids benefit from close proximity to 
another species of cichlid fish. Biol Lett 4:610–612. https ://doi.
org/10.1098/rsbl.2008.0378

Lehtonen TK (2017) Parental coordination with respect to colour poly-
morphism in a crater lake fish. Behav Ecol 28:925–933. https ://
doi.org/10.1093/behec o/arx05 2

Lehtonen TK, Lindström K (2008) Density-dependent sexual selec-
tion in the monogamous fish Archocentrus nigrofasciatus. Oikos 
117:867–874. https ://doi.org/10.1111/j.2008.0030-1299.16677 .x

Lehtonen TK, Wong BBM (2017) Males are quicker to adjust aggres-
sion towards heterospecific intruders in a cichlid fish. Anim Behav 
124:145–151. https ://doi.org/10.1016/j.anbeh av.2016.12.013

Lehtonen TK, McCrary JK, Meyer A (2012) Introduced predator elicits 
deficient brood defence behaviour in a crater lake fish. PLoS One 
7:e30064. https ://doi.org/10.1371/journ al.pone.00300 64

Lehtonen TK, Sowersby W, Wong BBM (2015) Heterospecific aggres-
sion towards a rarer colour morph. Proc R Soc B 282:20151551. 
https ://doi.org/10.1098/rspb.2015.1551

Lehtonen TK, Elmer KR, Lappalainen M, Meyer A (2018) Genetic 
evidence for panmixia in a colony-breeding crater lake cichlid 
fish. Sci Rep 8:1166. https ://doi.org/10.1038/s4159 8-018-19266 -5

Lesbarrères D, Lodé T (2002) Variations in male calls and responses to 
an unfamiliar advertisement call in a territorial breeding anuran, 
Rana dalmatina: evidence for a “dear enemy” effect. Ethol Ecol 
Evol 14:287–295. https ://doi.org/10.1080/08927 014.2002.95227 
31

Lima SL (2009) Predators and the breeding bird: behavioral and 
reproductive flexibility under the risk of predation. Biol Rev 
84:485–513. https ://doi.org/10.1111/j.1469-185X.2009.00085 .x

López-Sepulcre A, Kokko H (2005) Territorial defense, territory 
size, and population regulation. Am Nat 166:317–325. https ://
doi.org/10.1086/43256 0

Marler CA, Moore MC (1989) Time and energy costs of aggression 
in testosterone-implanted free-living male mountain spiny liz-
ards (Sceloporus jarrovi). Physiol Zool 62:1334–1350. https ://
doi.org/10.1086/physz ool.62.6.30156 216

McKaye KR (1977a) Competition for breeding sites between the 
cichlid fishes of Lake Jiloá, Nicaragua. Ecology 58:291–302. 
https ://doi.org/10.2307/19356 04

McKaye KR (1977b) Defense of a predator’s young by a herbivo-
rous fish: an unusual strategy. Am Nat 111:301–315. https ://doi.
org/10.1086/28316 2

McKaye KR (1986) Mate choice and size assortative pairing by the 
cichlid fishes of Lake Jiloá, Nicaragua. J Fish Biol 29:S135–
S150. https ://doi.org/10.1111/j.1095-8649.1986.tb050 05.x

Müller CA, Manser MB (2007) ‘Nasty neighbours’ rather than ‘dear 
enemies’ in a social carnivore. Proc R Soc B 274:959–965. https 
://doi.org/10.1098/rspb.2006.0222

Neat FC, Taylor AC, Huntingford FA (1998) Proximate costs of 
fighting in male cichlid fish: the role of injuries and energy 
metabolism. Anim Behav 55:875–882. https ://doi.org/10.1006/
anbe.1997.0668

Nguyen LP, Abraham KF, Nol E (2006) Influence of Arctic terns 
on survival of artificial and natural semipalmated plover 
nests. Waterbirds 29:100–104. https ://doi.org/10.1675/1524-
4695(2006)29%5b100 :ioato s%5d2.0.co;2

Ochi H, Awata S (2009) Resembling the juvenile colour of host 
cichlid facilitates access of the guest cichlid to host territory. 
Behaviour 146:741–756. https ://doi.org/10.1163/15685 3909X 
44618 1

Ochi H, Yanagisawa Y (1998) Commensalism between cich-
lid fishes through differential tolerance of guarding par-
ents toward intruders. J Fish Biol 52:985–996. https ://doi.
org/10.1111/j.1095-8649.1998.tb005 98.x

Oldfield RG, Mandrekar K, Nieves MX, Hendrickson DA, Chakra-
barty P, Bo Swanson, Hofmann HA (2015) Parental care in the 
Cuatro Ciénegas cichlid, Herichthys minckleyi (Teleostei: Cich-
lidae). Hydrobiologia 748:233–257. https ://doi.org/10.1007/
s1075 0-014-2081-4

Pfennig DW, Reeve HK (1989) Neighbor recognition and context-
dependent aggression in a solitary wasp, Sphecius speciosus 
(Hymenoptera: Sphecidae). Ethology 80:1–18. https ://doi.
org/10.1111/j.1439-0310.1989.tb007 26.x

Quinn JL, Ueta M (2008) Protective nesting associations in 
birds. Ibis 150:146–167. https ://doi.org/10.1111/j.1474-
919X.2008.00823 .x

Rosell F, Gundersen G, Le Galliard J-F (2008) Territory ownership 
and familiarity status affect how much male root voles (Micro-
tus oeconomus) invest in territory defence. Behav Ecol Sociobiol 
62:1559–1568. https ://doi.org/10.1111/j.1474-919X.2008.00823 
.x

Royston P (1995) Remark AS R94: a remark on algorithm AS 181: 
The W-test for normality. J R Stat Soc C Appl 44:547–551. https 
://doi.org/10.2307/29861 46

Semeniuk CAD, Dill LM (2006) Anti-predator benefits of mixed-
species groups of cowtail stingrays (Pastinachus sephen) and 
whiprays (Himantura uarnak) at rest. Ethology 112:33–43. https 
://doi.org/10.1111/j.1439-0310.2006.01108 .x

Seppänen J-T, Forsman JT, Mönkkönen M, Thomson RL (2007) 
Social information use is a process across time, space and ecol-
ogy, reaching heterospecifics. Ecology 88:1622–1633. https ://doi.
org/10.1890/06-1757.1

https://doi.org/10.1016/0003-3472(89)90125-5
https://doi.org/10.1016/j.anbehav.2006.11.021
https://doi.org/10.1016/j.anbehav.2006.11.021
https://doi.org/10.1046/j.1461-0248.1999.00065.x
https://doi.org/10.1046/j.1461-0248.1999.00065.x
https://doi.org/10.1016/j.anbehav.2005.09.020
https://doi.org/10.1007/s10641-007-9317-3
https://doi.org/10.1007/s10641-007-9317-3
https://doi.org/10.1086/283780
https://doi.org/10.1086/283780
https://doi.org/10.1016/0003-3472(95)80172-3
https://doi.org/10.1016/0003-3472(95)80172-3
https://doi.org/10.1098/rspb.2015.1971
https://doi.org/10.1111/1365-2435.12430
https://doi.org/10.1111/1365-2435.12430
https://doi.org/10.2174/1874453200902010007
https://doi.org/10.1016/j.anbehav.2008.11.007
https://doi.org/10.2307/2529941
https://doi.org/10.2307/2529941
https://doi.org/10.1098/rsbl.2008.0378
https://doi.org/10.1098/rsbl.2008.0378
https://doi.org/10.1093/beheco/arx052
https://doi.org/10.1093/beheco/arx052
https://doi.org/10.1111/j.2008.0030-1299.16677.x
https://doi.org/10.1016/j.anbehav.2016.12.013
https://doi.org/10.1371/journal.pone.0030064
https://doi.org/10.1098/rspb.2015.1551
https://doi.org/10.1038/s41598-018-19266-5
https://doi.org/10.1080/08927014.2002.9522731
https://doi.org/10.1080/08927014.2002.9522731
https://doi.org/10.1111/j.1469-185X.2009.00085.x
https://doi.org/10.1086/432560
https://doi.org/10.1086/432560
https://doi.org/10.1086/physzool.62.6.30156216
https://doi.org/10.1086/physzool.62.6.30156216
https://doi.org/10.2307/1935604
https://doi.org/10.1086/283162
https://doi.org/10.1086/283162
https://doi.org/10.1111/j.1095-8649.1986.tb05005.x
https://doi.org/10.1098/rspb.2006.0222
https://doi.org/10.1098/rspb.2006.0222
https://doi.org/10.1006/anbe.1997.0668
https://doi.org/10.1006/anbe.1997.0668
https://doi.org/10.1675/1524-4695(2006)29%5b100:ioatos%5d2.0.co;2
https://doi.org/10.1675/1524-4695(2006)29%5b100:ioatos%5d2.0.co;2
https://doi.org/10.1163/156853909X446181
https://doi.org/10.1163/156853909X446181
https://doi.org/10.1111/j.1095-8649.1998.tb00598.x
https://doi.org/10.1111/j.1095-8649.1998.tb00598.x
https://doi.org/10.1007/s10750-014-2081-4
https://doi.org/10.1007/s10750-014-2081-4
https://doi.org/10.1111/j.1439-0310.1989.tb00726.x
https://doi.org/10.1111/j.1439-0310.1989.tb00726.x
https://doi.org/10.1111/j.1474-919X.2008.00823.x
https://doi.org/10.1111/j.1474-919X.2008.00823.x
https://doi.org/10.1111/j.1474-919X.2008.00823.x
https://doi.org/10.1111/j.1474-919X.2008.00823.x
https://doi.org/10.2307/2986146
https://doi.org/10.2307/2986146
https://doi.org/10.1111/j.1439-0310.2006.01108.x
https://doi.org/10.1111/j.1439-0310.2006.01108.x
https://doi.org/10.1890/06-1757.1
https://doi.org/10.1890/06-1757.1


368 Oecologia (2019) 191:359–368

1 3

Sogawa S, Ota K, Kohda M (2016) A dear enemy relationship in a ter-
ritorial cichlid: evidence for the threat-level hypothesis. Behaviour 
153:387–400. https ://doi.org/10.1163/15685 39X-00003 351

Stephens PA, Sutherland WJ (1999) Consequences of the Allee effect 
for behaviour, ecology and conservation. Trends Ecol Evol 
14:401–405. https ://doi.org/10.1016/S0169 -5347(99)01684 -5

Temeles EJ (1994) The role of neighbours in territorial systems: when 
are they ‘dear enemies’? Anim Behav 47:339–350. https ://doi.
org/10.1006/anbe.1994.1047

Tibbetts EA, Dale J (2007) Individual recognition: it is good to be dif-
ferent. Trends Ecol Evol 22:529–537. https ://doi.org/10.1016/j.
tree.2007.09.001

Väänänen VM (2000) Predation risk associated with nesting in gull 
colonies by two Aythya species: observations and an experimen-
tal test. J Avian Biol 31:31–35. https ://doi.org/10.1034/j.1600-
048X.2000.31010 5.x

Wheelright NT, Lawler JJ, Weinstein JH (1997) Nestsite selection 
in Savannah Sparrows: using gulls as scarecrows? Anim Behav 
53:197–208. https ://doi.org/10.1006/anbe.1996.0288

Whiting MJ (1999) When to be neighbourly: differential agonistic 
responses in the lizard Platysaurus broadleyi. Behav Ecol Socio-
biol 46:210–214. https ://doi.org/10.1007/s0026 50050 611

Young AD, Titman RD (1986) Costs and benefits to red-breasted mer-
gansers nesting in tern and gull colonies. Can J Zool 64:2339–
2343. https ://doi.org/10.1139/z86-348

Zenuto RR (2010) Dear enemy relationships in the subterranean 
rodent Ctenomys talarum: the role of memory of familiar odours. 
Anim Behav 79:1247–1255. https ://doi.org/10.1016/j.anbeh 
av.2010.02.024

https://doi.org/10.1163/1568539X-00003351
https://doi.org/10.1016/S0169-5347(99)01684-5
https://doi.org/10.1006/anbe.1994.1047
https://doi.org/10.1006/anbe.1994.1047
https://doi.org/10.1016/j.tree.2007.09.001
https://doi.org/10.1016/j.tree.2007.09.001
https://doi.org/10.1034/j.1600-048X.2000.310105.x
https://doi.org/10.1034/j.1600-048X.2000.310105.x
https://doi.org/10.1006/anbe.1996.0288
https://doi.org/10.1007/s002650050611
https://doi.org/10.1139/z86-348
https://doi.org/10.1016/j.anbehav.2010.02.024
https://doi.org/10.1016/j.anbehav.2010.02.024

	Aggression towards shared enemies by heterospecific and conspecific cichlid fish neighbours
	Abstract
	Introduction
	Materials and methods
	Experiment 1
	Experiment 2
	Experiment 3

	Results
	Experiment 1
	Experiment 2
	Experiment 3

	Discussion
	Acknowledgements 
	References




