Primates
https://doi.org/10.1007/510329-024-01153-5

SPECIAL ISSUE: ORIGINAL ARTICLE q

Check for
Twenty-five years of primate research in the Ndoki Forest updates

Seasonal variation and group size effects in putty-nosed
monkeys’ (Cercopithecus nictitans) heterospecific associations
in the Nouabalé-Ndoki National Park

Frédéric Gnepa Mehon'2 - Daniel N’zoulou Kiminou' - Claudia Stephan'%3

Received: 4 December 2023 / Accepted: 30 August 2024
© The Author(s), under exclusive licence to Japan Monkey Centre 2024

Abstract

Many non-human primates form heterospecific associations to increase benefits resulting from group living like antipreda-
tion defence and increased foraging efficiency while avoiding costly resource competition that usually arises from large
conspecific groups. Previous studies provided profound insight into how these benefits are obtained and what behavioural
changes might be elicited through association formation. What remains widely unknown are factors that could account
for intra-specific variation in association patterns. For instance, we are still widely lacking a comprehensive assessment
of how group size and seasonality affect heterospecific associations across larger number of groups within a species. The
current study monitored more than 20 groups of putty-nosed monkeys (Cercopithecus nictitans), a forest guenon known to
be frequently in association with other monkey species, for 37 months in the Nouabalé-Ndoki National Park, Republic of
Congo. Amongst the five primate species observed in association with C. nictitans, grey-cheeked mangabeys (Lophocebus
albigena) and crowned monkeys (C. pogonias) were the most frequently encountered association partners. We did not find
any effect of seasonality on association rates. However, larger C. nictitans groups were substantially more in association with
L. albigena and C. pogonias than smaller groups during the main dry season. We argue that our findings suggest a major
impact of antipredation benefits of heterospecific troops including C. nictitans during periods of increased vulnerability. We
discuss how knowledge about variations in association patterns may help to adjust conservation strategies.
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Introduction

Many highly social mammal and bird species form inter-
Frédéric Gnepa Mehon and Daniel N’zoulou Kiminou shared first specific associations to navigate in their habitats (ungulates:
authorship. Fitzgibbon 1990; Beaudrot et al. 2020; primates: Noé& and
Bshary 1997; Heymann and Buchanan-Smith 2000; ceta-
ceans: Quérouil et al. 2008; Syme et al. 2021; birds: Powell
1985; Greenberg 2000; Sridhar et al. 2009). A conservative
measure following Struhsaker (1981) considers two spe-
cies being in association if any group member of one spe-
cies is in at most 20 m from a member of another species.
Multi-species associations may either occur by chance e.g.,
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associations centres around benefits from increasing group
size without increasing costs that are normally related to
larger conspecific groups, e.g., increased competition for
food and reproduction (van Schaik 1983; Isbell 2004). Simi-
lar to benefits that arise from forming conspecific groups,
benefits from forming heterospecific troops usually fall into
two classes. First, advantages can be linked to the reduc-
tion of predation risk by increasing safety in number effects
through dilution and confusion effects (Delm 1990; Schradin
et al. 2019). Additionally, vigilance towards predators can
be exploited, shared, and increased (Buzzard 2010; Kenward
1978; Bshary and Nog, 1997). After detection, especially
heterospecific males often jointly mob predators (McGraw
and Zuberbiihler 2008). Benefits may result in behavioural
changes in associated species. For instance, activity budgets
can switch from time spend for vigilance to foraging or to
the extension of ecological niches due to a decreased sus-
ceptibility to predation (Cercopithecus campbelli, C. diana,
C. cephus: Gautier-Hion et al. 1983, Bshary and Nog, 1997,
Wolters and Zuberbiihler 2003). The extension of vertical
use of space to normally inaccessible strata pave the way
for broader access to feeding resources, which falls in the
second category of potential benefits of associations related
to increased foraging efficiency. Associated species were
shown to exploit each other’s knowledge about fruiting trees
and to avoid redundant visits to food patches (C. mitis and
C. ascanius: Cords 1987, Cords 1990). Furthermore, multi-
species groups can cooperatively defend shared territories
against conspecific neighbours (Saguinus fuscicollis and S.
mystax: Peres 1992). One strategy to circumvent competi-
tion over food with overlapping diets is to switch between
different food resources and thus to decrease diet overlap,
probably through digestive flexibility (in C. Ascanius with
C. mitis, Lophocebus albigena and Procolobus badius: Lam-
bert 2002).

Although ample empirical investigations substantially
increased our understanding of heterospecific associations
amongst non-human primates, we still face two major prob-
lems. First, observations in natural habitats are often lim-
ited to few groups due to the difficult recognition of spe-
cific unhabituated groups, missing knowledge about home
ranges and limitations in following several unhabituated
groups through dense forest habitats. However, different
groups may well have different interests in forming associa-
tions, e.g., due to variations in group size (e.g., Struhsaker
2000; Patterson et al. 2014; Strier et al. 2014; Beauchamp
and Cabana 1990). Group size likely has a strong impact
on key benefits from associating such as safety in number
effects, on vigilance or resource competition with overlap-
ping diets. Unfortunately, systematic investigations of cor-
relations between intraspecific group size and association
indices are widely lacking to date. Second, it often remains
difficult to tease apart benefits related to foraging from those
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related to predation avoidance. For instance, the extension of
an ecological niche to previously unexploited strata could as
well be interpreted as the compensation of increased feeding
competition between associated species. Hence an apparent
benefit from associating could turn into the mitigation of
costs arising from associating. Such phenomena seem par-
ticularly likely with pronounced niche overlaps in sympatric
species. Furthermore, if resources are scarce and shared,
resource competition can also lead to the dissolution or
avoidance of associations to avoid physical, agonistic inter-
actions and to reassure sufficient access to resources. Sys-
tematic investigations of the interaction between group size
and seasonal changes in resource availability provide the
potential to disentangle predation avoidance from foraging
related benefits in promoting the formation of heterospecific
aggregations.

Cercopithecus nictitans are mostly arboreal, diurnal
guenons that live in groups of 3 to 20 individuals with one
adult reproductive male, several related females, and their
offspring (Buzzard and Eckardt 2007). Males are often spa-
tially separated in higher canopies or at the periphery of the
group and do rarely interact socially with other group mem-
bers (Gautier-Hion 1980). However, males usually take over
the lion’s share of group defence during predatory events
(Arnold and Zuberbiihler 2006; Mehon and Stephan 2021).
In Gabon and Cameroon, C. nictitans has been reported to
be frequently in association with C. cephus and to a lesser
extend with C. pogonias and grey-cheeked mangabey
(Lophocebus albigena). In the republic of Congo, C. nic-
titans has been also frequently encountered with C. cephus
and C. pogonias, despite considerable dietary overlaps
(Gautier-Hion 1980; Gautier-Hion et al. 1983; Eckardt and
Zuberbiihler 2004). Some groups were consistently found
to be more reliable in association than others, although rea-
sons for intergroup variation remain unknown (FGM, CS,
personal observation). A possible reason for this heterospe-
cific assemblages despite very similar foraging preferences
was suggested by Gautier-Hion (1980), who documented
that C. nictitans decreased diet overlap with C. cephus and
C. pogonias during two periods. First, during the main dry
season when resources were scarce male and female C. nic-
titans increased the intake of mature leaves and decreased
fruit consumption. Both C. cephus and C. pogonias did not
considerably switch consumed food type. This suggests
that C. nictitans may actively seek and maintain association
with other species to secure predation avoidance benefits
despite nutritional disadvantages. Second, towards the end
of the major rainy season, female C. nictitans switched from
fruits to young leaves and insects, most likely due to changed
nutritional needs of pregnant and lactating females (Coelho
1974). Whether this seasonal shift of foraging preferences
stabilises heterospecific associations during periods of lim-
ited resource availability remains yet unknown.
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We continuously monitored 26 identified groups of C.
nictitans in the Nouabalé-Ndoki National Park, Republic of
Congo. Generally, we aim to give a description of C. nicti-
tans association patterns both in terms of identifying associ-
ated species and quantifying how often different groups were
encountered in association. More specifically, we investigate
seasonal and inter-group differences to elucidate constitut-
ing factors of association patterns. For each encounter with
a target group, we identified the present C. nictitans group
and identified all associated primate species. We collected
rain fall data during the study period as a proxy to season
and food resource availability. We predict that if the reduc-
tion in predation risk was the major driving force for het-
erospecific associations and C. nictitans seek to form het-
erospecific associations, then smaller groups are supposed
to have more benefits from increasing troops size and should
show higher rates of association than larger groups of C.
nictitans. If other primate species actively join C. nictitans,
we expect the contrary pattern, namely larger C. nictitans
groups being preferred to increase troop size. In this case,
larger groups should be found more often in association than
smaller groups that provide less predation avoidance ben-
efits. Because we could not directly identify consumed food
types with unhabituated groups, we predict that if C. nicti-
tans either switched food resources in the main dry season or
food resource availability had no major impact, association
rates should not vary across seasons. In contrast, if foraging
benefits for C. nictitans mainly promote polyspecific asso-
ciations, larger groups should be encountered less in asso-
ciation during major dry seasons when feeding competition
over fruits is supposed to increase.

Methods
Study site and subjects

We collected data on 26 groups of C. nictitans in the Noua-
balé-Ndoki National Park, Republic of Congo (2°15.50 N
16°24.70 E; altitude about 300 m), between January 2019
and March 2022 (37 months in total due to a break in
December 2019 and January 2020). Groups ranged in size
from 7 to 22 individuals (S1) and home ranges were spread
over an area of about 60 km>. The study area was mainly
located in a mixed-species forest that is characterised by high
diversity both in terms of spatial structure and floral plant
species (Harris 2002), providing ample foraging resources
for primates and other wildlife. Average home range of sin-
gle groups was 0.66 km? with moderate inter-group variation
due to group size and thus resource competitivity and season
due to resource availability (FGM, CS, unpublished data).
Both main forest guenon predators, eagles (Stephanoaetus
coronatus) and leopards (Panthera pardus) are present in

this protected, primary rainforest habitat. Since 2018, groups
were identified by individual markings (e.g., broken tails,
visible scars) and group size, and the groups’ home range
was determined and monitored using GPS data. Group size
varied between the beginning and the end of data collection
for the majority of groups to the amount of + 2 individuals
(due to births and male subadult disappearance). However,
relative group size remained stable between groups and none
of the groups disintegrated. Groups often considerably over-
lap in their home ranges with about three adjacent neigh-
bouring groups per focal group (FGM, CS, unpublished
data). Additional to chimpanzees (Pan troglodytes troglo-
dytes) and western-lowland gorillas (Gorilla gorilla gorilla),
eight other diurnal monkey species are present in the study
area: C. pogonias, C. cephus, the eastern black-and-white
colobus (Colobus guereza), the agile mangabey (Cercocebus
agilis), L. albigena, the Oustalet’s red colobus (Piliocolobus
oustaleti), the De Brazza’s monkey (C. neglectus), and the
Allen’s swamp monkey (Allenopithecus nigroviridis). The
latter was only sighted once during the study period and
has been previously reported to be exceptionally rare in the
area (Maisels et al. 2006), similar as to P. oustaleti (Brncic
2018), which is why we excluded both species. C. neglectus
has strong preferences for riverine and swampy habitats that
are rarely visited by C. nictitans (Bitty and McGraw 2007,
Oates 2011) and generally very rarely form associations with
other species (Zeeve 1991; Mugambi et al. 1997). We thus
excluded C. neglectus from the list of monkey species that
are likely to frequently encounter C. nictitans. None of the
groups has been habituated to human presence and human
observers collected data without being noticed from con-
cealed positions. In the area, the major dry season is sup-
posed to range from December to February and the major
rainy season is usually from September to November. The
minor dry season ranges from June to August and the minor
wet season ranges from March to May, which can be subject
to annual variability in rainfall (Mitani 1992).

Data collection

Target group choice followed an observational protocol
reassuring similar observation effort per month for each
group. Four main transects were established around the
research camp leading to a balanced number of groups
in the north, east and west with the south being limited
through the Ndoki river. Observers approached and iden-
tified C. nictitans groups using information about home
range, group composition and specific, individual mark-
ings. The primary observer (FGM or DNK) and two expe-
rienced Ba’Aka assistants then observed the undisturbed
C. nictitans group for 5 to 20 min using Nikon Monarch
7 binoculars. Other monkey species that were associated
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with the target group were identified and recorded by all
three observers using visual and frequently uttered, con-
spicuous vocal cues. Variation in observation time was
caused by different visibility due to e. g. group spread
and vegetation. Once all three observers confirmed the
presence of at least two individuals from another primate
species within 20 m, observational records were stopped.
Rainfall data were collected daily during the study period
at a close natural forest clearing that was located approxi-
mately in the centre of our 60 km?” study area using a rain
gauge (average distance to closest group: 1.8 km, aver-
age distance to the farthest group: 5.4 km: raw data for
rainfall are provided in S3).

Data analysis

Two of the 26 groups were encountered less than 10 times
(5 and 2 times, respectively) during 37 months of data
collection, which is why we excluded them from further
analysis resulting in a final sample size of 24 groups.
With the remaining 24 groups, we excluded encounters
from further analysis in case observations had to be can-
celled for the following reasons: observers were detected
by the target group (N=38), and the arrival of forest ele-
phants or gorilla groups (N=9). First, we calculated the
percentage that groups were encountered alone and in
association over all target groups and over all associated
monkey species. To control for biases in encounter rate
due to group size with larger groups potentially being
easier to detect and to locate, we first calculated Pearson
correlation coefficients between group size and the num-
ber of encounters. We subsequently computed association
indices for specific, associated monkey species by divid-
ing the number of associated encounters for a particular
species by the number of total encounters with C. nicti-
tans. We investigated the impact of rainfall as potential
indication for resource availability on the formation of
associations by comparing associations indices during the
observed main dry season with all other months for each
of the associated species observed using two-sided Wil-
coxon signed-rank tests (level of significance a=0.05).
We then analyzed a potential interactive effect of season
and C. nictitans group size on association patterns using
Pearson correlation coefficients and a Bonferroni cor-
rection for multiple hypothesis testing with an adjusted o
level of 0.025. To elucidate species-specific differences,
we calculated Pearson correlation coefficients between
C. nictitans group size and association indices for each
associated species. To control for multiple hypothesis
testing, we applied a Bonferroni correction and adjusted
the a level to 0.01.
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Results

Each C. nictitans group was sampled 1144 times through-
out the study period, resulting in 660 group encounters.
Group size and numbers of encounters were not strongly
correlated, thus confirming that there was no statistically sig-
nificant bias towards sampling larger groups more frequently
(R=-0.34, p=0.099, S2), although the trend found merits
further evaluation of possible biases. Overall, in 32.7% of
cases, C. nictitans groups were encountered alone, contrast-
ing 67.3% of all observations in which a target group was
associated with at least one other monkey species (Table 1).
The likelihood of being in association varied between groups
with inter-group variation ranging from 58 to 81% that sin-
gle groups were encountered with another monkey species.
Such inter-group differences, however, were not generally
due across seasons to group size (R=0.34, p=0.125). C.
nictitans groups were most often seen with L. albigena, fol-
lowed by C. pogonias and C. cephus (Fig. 1).

To investigate overall seasonal effects on the occur-
rence of heterospecific associations, we first compared the
reported main dry season for this area with observed rainfall
for the duration of data collection and identified 4 major
dry seasons with less than 50 mm rainfall/month (Febru-
ary and March 2019, October 2019-April 2020, Novem-
ber 2020-February 2021, January & February 2022). Sec-
ond, we compared associations indices between identified
major dry seasons and the rest of the year over all groups,
which did not systematically differ for any associated spe-
cies (Table 2). Hence, the occurrence of associations on a
species level did not vary with season and the likelihood to
encounter C. nictitans in association was the same for the
dry season and the rest of the year.

To unravel a potential interaction between season and
group size, we analysed intra-specific variation in associa-
tion patterns as a function of C. nictitans group size sepa-
rately for main dry seasons and the rest of the year. Larger
C. nictitans groups were more likely to be found in associa-
tion than smaller groups in the major dry season (R=0.64,
p <0.001) but not during the rest of the year (R=0.29,

Table 1 Percentages of cases

in which C. nictitans groups
were encountered alone (0) or in
association with one to 5 other

No. species  No.total %
in association encounters

§ 0 216 32.7
monkey species 1 297 344
2 160 24.2
3 44 6.7
4 10 1.5
5 3 0.5
total 660 100
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Fig.1 Number of C. nictitans group encounters in association with
each monkey species. Please note that the sum of observed associa-
tions across all species exceeds the total of N=660 group encounters

Table 2 Wilcoxon test results for the seasonal comparison of associa-
tion indices for each species associated with C. nictitans

Associated species Mean ass. Mean ass. W P-value
index wet index dry
season season
C. nictitans—L. 0.52 0.56 167 0.58
albigena
C. nictitans—C. 0.33 0.23 169 0.69
pogonias
C. nictitans—C. cephus 0.15 0.24 180 0.45
C. nictitans—C. agilis  0.05 0.09 133 0.43
C. nictitans—C. 0.04 0.11 127 0.35
guereza
major dry season
1001 ¢ 064, p=0.00084 : >
30.75
©
£
5
5050
3
]
®0.25
0.00 0 o

10 15 20
C. nictitans group size

association index

as one group could have been associated with more than one species.
Pictures: © Scott Ramsay/WCS

p=0.17; Fig. 2). This group size effect was predomi-
nantly expressed in association with L. albigena (R=0.09,
p<0.001) and C. pogonias (R=0.45, p=0.025), although
the latter was statistically not significant after Bonferroni
correction. The effect of group size on association formation
with C. cephus, C. agilis, and C. guereza was considerably
weaker (Fig. 3).

wet & minor dry season

1.00

R=029,p=0.17 @ % ¢
0.75 (-

L] s . .

0.50 :

. -
0.25
0.00

10 15 20

C. nictitans group size

Fig.2 Correlation between C. nictitans group size and association index over all 24 groups during the major dry season (left) and the rest of the

year (right) including 95% confidence intervals in grey
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Fig.3 Correlation between C. nictitans group size and association index for each associated monkey species

Discussion C. nictitans and other monkey species in the Nouabalé-
Ndoki National Park (NNNP) of the Republic of Congo. The
We are confident to claim that we have convincingly pro- ~ present findings provide important first insights in the social

vided a first summary of the nature of associations between  organization of C. nictitans in the area beyond their own
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species and represent the most detailed and extensive het-
erospecific association observations of guenons in the Ndoki
forests yet compiled. Results presented here emphasize that
heterospecific associations are common forest phenomena
in the Nouabalé-Ndoki National Park, thus extending previ-
ous, seminal research on interspecific interactions between
ape species (Kuroda 1992) to monkeys, and advising future
research on the effect of group size and seasonality in Noua-
balé-Ndoki primate communities.

In two-thirds of all encounters, we found C. nictitans
groups in association with at least one other primate spe-
cies, which is in line with previous reports for this species in
Cameroon (Mitani 1991) and in Gabon (Gautier-Hion et al.
1983). Primate species most frequently found in association
were L. albigena, C. pogonias and C. cephus. L. albigena,
C. pogonias and C. nictitans greatly overlap in spatial for-
est strata use while C. cephus usually occupies lower strata
(Gabon, Gautier-Hion 1980). Diet overlap was reported high
for all four species in Gabon with a strong preference for
fruits and seeds, although C. nictitans has been reported to
show higher foraging flexibility than the other three spe-
cies (Gautier—Hion, 1980). Agonistic interactions at food
patches or the monopolization thereof by any of the species
is rare (Ivory Coast: Eckardt and Zuberbiihler 2004; study
population: personal observation). C. agilis and C. guereza
were encountered less frequently together with C. nictitans.
Low association rates are likely due to different preferences
in diet and habitat use. C. agilis usually use lower canopy
levels, spending 12-22% of their time on the ground (Gabon,
study population: Quris 1975; Shah 2003) and have a strong
preference for fruits and seeds (Central African Republic,
study population: Shah 2003). The spatial habitat use of C.
guereza is similar to C. agilis, although they are mainly foli-
vorous with a bias towards young leaves (Uganda: Harris
and Chapman 2007). Hence, C. nictitans was encountered
predominantly with species that are supposed to elicit high
levels of food resource competition based on described eco-
logical niches from other study populations, which ques-
tions the formation of associations to gain foraging benefits.
We found no seasonal variation of association indices for
any of the sympatric primate species. C. nictitans may thus
either switch food resources during times when fruits are
scarce or feeding benefits through other species are either
the same across seasons or less relevant. We encountered
larger C. nictitans groups more often in association during
the major dry season than smaller groups. This effect could
be the result of two potential scenarios. First, smaller groups
may avoid being in association when resources are scarce.
Second, larger groups might be actively preferred by other
species. Surprisingly, we only found an effect of group size
during the major dry season and not, as initially predicted,
throughout the year. This might indicate that either predation
pressure and/or primates’ vulnerability to predation varies

across seasons. Some information about predation is avail-
able from other sites that might support this assumption.
Specifically, crowned eagles are amongst the fiercest preda-
tors for forest guenons including C. nictitans (Struhsaker and
Leakey 1990; Mitani et al. 2001; Shultz et al. 2004). High
predation pressure by crowned eagles is further supported by
high degrees of anti-predator responses related to eagle pres-
ence including our study population (Arnold and Zuberbiih-
ler 2006; N’zoulou Kiminou et al. 2022). Eagles in Uganda
have been reported to hatch in November and adult eagles
increase their hunting effort to feed the nestling during sub-
sequent months (Seike 2022). A second increase in hunting
usually occurs in the late nestling phase from January to
approximately March when also the female leaves the nest
to contribute to prey delivery (Seike 2022). These periods of
increased predation pressure fall in the major dry season of
our study area. Hence, increasing heterospecific group size
could simultaneously increase dilution and safety in numbers
effects, the number of individuals who could be vigilant,
and the availability of collaboration partners for joint mob-
bing activities during attacks. A joint mobbing event was
previously reported for a male C. nictitans and a male C.
albigena in Gabon (Gautier-Hion and Tutin 1988), although
such anecdotal report warrants more systematic investigation
of predator—prey relationships and especially the seasonal-
ity thereof. This line of argument is further supported by
species-specific differences in the likelihood to be associ-
ated with larger C. nictitans groups. Strong effects of groups
size were only found in L. albigena and C. pogonias—the
two species with whom C. nictitans occupies upper forest
strata. Both species are likely mobbing partners and valu-
able early warning collaborators once eagles approach from
above. Our results suggest that especially L. albigena and C.
pogonias follow C. nictitans, with a preference for bigger C.
nictitans groups that provide more antipredation benefits to
them than smaller groups during periods of increased vul-
nerability. In another population, C. nictitans and C. pogo-
nias share similar birth seasons from December to April
and November to April, respectively (Butynski 1988). This
period of increased vulnerability and the need of enhanced
protection falls in the major dry season of our study popu-
lation. It provides promising ground for future studies to
identify birth seasons across populations in our study area to
investigate the possibility that heterospecific associations are
promoted by benefits from increase antipredation defence
in larger groups. An alternative explanation that refers to
foraging benefits might be that either larger groups of C.
nictitans, or L. albigena as mainly seed consumers, increase
the amount of flushed prey and thus insect consumption for
associated species in lower strata. This argumentation leads
to the interesting opportunity that C. nictitans does not gain
any benefits from associating but is rather used by other
species to obtain either predation-related or feeding benefits.
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Caution is warranted in the interpretation of the current
results and simultaneously provides promising ground for
future studies. Correlations might be due to a yet unknown
factor instead of direct causal relationships between group
size and species-specific associations. Systematic assess-
ments of food item consumption, resource switching, spe-
cies-specific abundance data, and the effect of group size
effects and body size effects (S4) of other species than C.
nictitans might help to further elucidate the interaction of
different social factors and foraging strategies in associated
primate species. Second, observations of seasonal variation
in predator—prey interactions and the confirmation of birth
seasons for our study site could further unravel behavioural
adaptations in primate communities, in particular hetero-
specific associations. Third, systematic assessments of the
initiation and the maintenance of associations remains a
promising topic for future studies to clarify whether there
are species-specific biases in benefits from and seeking
heterospecific associations. Forth, detailed assessments of
variation in plant species diversity in different home ranges
could shed light on the impact of habitat structure on asso-
ciation patterns.

The present results also emphasize the importance of a
polyspecific approach to primate conservation strategies.
First, our results suggest that especially during major dry
seasons, heterospecific troops are likely composed of more
individuals than during the rest of the year and thus more
conspicuous and easier to detect for e.g., poachers. Increased
monitoring and patrolling efforts by eco-guards could help
to compensate the increased vulnerability of primate com-
munities during this period. During such direct anti-poach-
ing efforts, further assessments of seasonal variation in troop
size either by direct observations or by remote recordings
are highly promising to complement and extent present
results across a broader landscape within the Nouabalé-
Ndoki National Park and its periphery. Second, species like
L. albigena that are already IUCN classified as “vulnerable”
can be additionally protected and probably stabilized on a
population level by conservation strategies that also address
species with a lower conservation status like e.g., C. nicti-
tans. This would strengthen species-specific conservation
efforts by conserving evolutionary benefits from antipreda-
tion strategies through heterospecific aggregations.

Supplementary Information The online version contains supplemen-
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