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Abstract Great apes spend half of their lives in a nightly
“nest” or sleeping platform (SP), a complex object created
by modifying foliage, which functions as a stable substrate
on which to sleep. Of the several purported functions of
SPs, one hypothesis is that they protect against parasitic
infection. Here we investigate the role of SP site choice in
avoiding molestation by arthropods. This study presents
preliminary data on the insect-repellent properties of pre-
ferred sleeping tree species Cynometra alexandri. Insect
traps were deployed in gallery forest habitats in which
chimpanzees typically “nest.” We compared traps placed
adjacent to SPs artificially manufactured with C. alexandri
trees to an open area within the same habitat. Multiple
measures of arthropod counts indicate that simulated
C. alexandri SP sites have fewer arthropods than similar
non-SP sites. Volatile compounds secreted by C. alexandri
foliage are hypothesized to repel annoying arthropods and/
or mask chimpanzee olfactory signals. Of the total insects
captured (n = 6,318), n = 145 were mosquitoes. Of the
total mosquitoes captured, n = 47 were identified as
Anopheles (female, n = 12). The prominent malarial vec-
tor Anopheles gambiae was identified among the captured
mosquito sample. These results suggest that the presence of
broken branches of the tree species C. alexandri reduce the
amount of insects a chimpanzee is exposed to throughout a
night’s sleep. This great ape behavioral and socio-techno-
logical adaptation may have evolved, in part, to increase
quality of sleep as well as decrease exposure to vectors of
disease.
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Introduction

“Night nests” or sleeping platforms (SPs) are a signal
feature of great ape daily life in which individuals spend up
to 12 h a day (Lodwick et al. 2004). These complex con-
structions (Shumaker et al. 2011), are manufactured each
evening from foliage and stems to constitute a stable and
comfortable sleeping structure (Goodall 1962, 1968). SP
use has been observed in every chimpanzee, bonobo, gor-
illa, and orangutan population studied to date. The con-
struction of a new SP each day requires time and effort as
individuals search for an appropriate site, maneuver into
position to construct the SP, and manipulate a large volume
of foliage. However, the utility of this substantial invest-
ment is still equivocal. Among the proposed functions of
SPs are: predation avoidance (Kortlandt 1992; Pruetz et al.
2008), thermoregulation (McGrew 2004), disease avoid-
ance (Fruth and Hohmann 1996; Anderson 1998; Nunn and
Heymann 2005) and sleep quality (Fruth and Hohmann
1996; Sabater Pi et al. 1997; Anderson 1998). Recently it
has been noted that these explanations are yet to be tested
rigorously (McGrew 2004), although there are a growing
number of investigations (Ancrenaz et al. 2004; Koops
et al. 2007; Ogawa et al. 2007; Stewart et al. 2007,
Hernandez-Aguilar 2009; Stewart 2011; Koops et al. 2012;
Samson 2012; Samson and Hunt 2012). Our present goal
was to test the hypothesis that SP use decreases exposure to
parasitic arthropods, with a focus on mosquitoes.
Environmental factors can dramatically influence the
way animals experience variation in rainfall, temperature
and resource availability, and, subsequently, disease risk
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(Nunn and Altizer 2006). For example, susceptibility to
disease can increase due to stress caused by a decline in
food resources, which can be triggered by seasonal
reductions in rainfall (Lloyd 1995; Beisel 2000; Nelson
et al. 2002; Nelson 2004). Declining food and water
resources can also increase food sharing between and
within species, which may further alter patterns of disease
transmission. Dunn (1968) showed that repeated use of tree
holes among squirrel monkeys increased the risk of
infection by fecal parasites and ectoparasites. Yet primates
likely adapt to disease risk in complex ways. The classic
example includes self-medicative leaf-swallowing in
chimpanzees (Wrangham and Nishida 1983; Huffman et al.
1996, 2006 Huffman 2001, 2003). Capuchin monkeys
(Cebus olivaceus) occasionally anoint themselves with the
secretions from millipedes, which are known to possess
insect-repellent qualities (Valderrama et al. 2000; Weldon
et al. 2003). Red howler monkeys may selectively choose
areas in which feces falls to the ground without hitting
branches along the way, reducing the potential for coming
across feces along arboreal paths or contaminating food
resources (Gilbert 1997). Mantled howlers appear to def-
ecate in peripheral areas of the canopy and closer to the
ground, suggesting individuals may be avoiding the con-
tamination of food with intestinal parasites (Henry and
Winkler 2001).

Arthropod abundance and distribution, and, subse-
quently, risk of vector-borne disease, are influenced by
environmental factors such as temperature and rainfall
(Kovats et al. 2001). This is particularly the case for
Anopheles-borne Plasmodium, 19 species of which nor-
mally infect nonhuman primates (Garnham 1966; Coatney
et al. 1971). Mosquito development and activity are limited
by both temperature and rainfall, with seasonal variation in
biting and infectivity (Bodker 2003). During times of high
mosquito frequency, baboons in Kibale National Park,
Uganda appear to participate in more polyspecific associ-
ations (Freeland 1977). If the probability of a vector con-
suming a blood meal does not increase proportionately
with group size, then individual infection could be lower in
larger groups (Mooring and Heart 2002) (but see Davies
et al. 1991; Nunn and Heymann 2005 for contrasting
opinion).

As previously noted, disease avoidance (Fruth and
Hohmann 1996; Anderson 1998; Nunn and Heymann
2005) is a hypothesized function of sleeping sites and SPs;
research has demonstrated that primate sleeping sites can
easily become contaminated with parasites (Freeland 1980;
Hausfater and Meade 1982) and it has been suggested that
sleep siting may be an adaptive behavior for avoiding
parasite infection (MacKinnon 1974). Building a new nest
each night could reduce ectoparasite exposure in apes
(Mackinnon 1974). In addition, the plants used to make
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nests may release chemical compounds that may be natu-
rally repellent to arthropods, or might function to mask the
odor of the ape (Stewart 2011), as has been illustrated in
Borneo orangutans who occasionally cover their SPs with
branches from tree species with known mosquito-repellent
properties (Largo et al. 2009). It has been observed at
Seringbara that the thermoregulatory strategy of humidity
avoidance is more predictive of SP site and location than
either antipathogen or antipredation factors (Koops et al.
2012); however, at Semliki, sleeping site height selection
and intraspecific association during nighttime sleep bouts
may also be influenced by the likelihood of parasitic
arthropods (Hunt and Samson unpublished data). Few
studies have adequately targeted the parasite-vector-host
dynamic between Plasmodium, Anopheles, and chimpan-
zees (Nunn and Altizer 2006).

At Semliki, Cynometra alexandri is the preferred SP
species and is chosen 73.6 % (Hunt and McGrew 2002;
Samson 2012), similar to Ishasha (Sept 1992) and Budongo
(Brownlow et al. 2001). An aim of this research is to test
why chimpanzees significantly prefer this species over
other, less selected tree species. Our objective was to
provide preliminary, comparative data of flying arthropod
catches with and without associated artificially manufac-
tured SPs constructed from the preferred tree species of
Semliki chimpanzees. We predict that in paired compari-
sons of traps associated with and without Cynometra, fewer
insects, lower insect mass, and female mosquitoes will be
recorded in traps associated with Cynometra.

Methods

Chimpanzees (Pan troglodytes schweinfurthii) have been
studied in the Toro-Semliki Wildlife Reserve (TSWR) in
western Uganda since 1996. TSWR is northwest of
Fort Portal, close to the eastern edge of the Great Rift
Valley (0°50'-1°05'N, 30°20'-30°35’'E) and encompasses
548 km?. Semliki consists of strips of dry and hot gallery
forest (50-250 m wide) that is bounded and crosscut by
water-courses; within these forests emergent trees reach as
high as 50 m (Allan et al. 1996; Hunt and McGrew 2002).
The chimpanzee study community range includes the
Mugiri River and its tributaries, as well as open woodland
and bushland on the escarpent near the northeastern reserve
boundary. The biome is predominantly dry Combretum
savanna and Borassus palm savanna. The range of the
Mugiri chimpanzees is limited to the northeast by tea
estates at the top of the escarpment. The chimpanzee
community primarily feeds on the fruiting species such as
Beilschmiedia, Cynometra, Cola, Phoenix, and Tamarindus
(Hunt and McGrew 2002). Their community home range is
the largest known—72.1 km? (measured with the minimum
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convex polygon of any area where identified individuals
have been observed). There are estimated to be 30 males,
which suggests a community size of approximately 104 (esti-
mated using the average sex ratio across P.t. schweinfurthii
sites) (Stumpf 2007).

Toro-Semliki has an average rainfall of 1,389 mm (KDH
records), though rainfall is at historic highs in the rift valley
and earlier annual rainfall records were reported to vary
between 700 and 1,300 mm (Plumptre 2010; Pratt et al.
1977). Semliki has two rainy seasons: the long rains from
August to December and secondary short rains from March
to April. Of chimpanzee study sites, only Assirik is hotter
(Hunt and McGrew 2002). Relative humidity (RH) daily
maxima averaged 95 and 92 %, respectively (Hunt et al.
1999), while the daily mean temperature high was 34 °C and
the daily mean low was 20 °C (Hunt and McGrew 2002).

During a 6-month study period (August 2010-January
2011), we employed multiple CDC Miniature Light Trap
Model 512 (with PhotoSwitch and Air-Actuated Gate
System) within the Semliki gallery forest habitat to capture
flying insects. The PhotoSwitch and Air-Actuated Gate
System allowed traps to automatically activate at dusk
(1905 hours) and deactivate at dawn (0700 hours). For the
purpose of this study, we set two paired traps on the same
night to test whether the construction of Cynometra SPs
reduce exposure to flying arthropods. The first trap, hung
I m from the ground, had a fresh Cynometra SP
constructed and placed underneath (Fig. 1). The second
control trap, placed within the same microhabitat

Fig. 1 Species Cynometra alexandri was used as material for
artificial SP construction and associated with a CDC Miniature Light
Trap within the riverine gallery forest of Semliki, Uganda

approximately 10 m from the first trap, also hung 1 m from
the ground and had no associated SP or vegetation. Trap-
ping always took place in the same location and both traps
were placed in an open area. Worn polyester socks (used
approximately 8 h and stored in a seal tight bag from the
previous day) were attached to each trap as bait because
natural human volatiles are known attractants to Anopheles
mosquitoes (Smallegange et al. 2010, 2011). At the time of
trap deactivation, nightly trap collections were emptied
into killing jars with a small amount of pure ethanol for
further specimen processing (total traps collected n = 34).
On the day of the catch, insects were weighed (by sub-
tracting the mass of the container to the sum of the insects
and container, measured with a tension gauge spring scale
accurate to 0.1 g), counted and categorized for later iden-
tification (total number of insects processed, n = 6,318).

To evaluate whether SPs constructed with Cynometra
reduce exposure to flying arthropods, insect quantity and
mass were compared between traps associated with and
without manufactured SPs using a paired samples ¢ test
using PASW Statistics 18 (IBM SPSS). All tests were two-
tailed. Data were evaluated for normal distribution, and
level of significance was set at 0.05.

Results

Of the total insects captured, n = 145 were mosquitoes. Of
the total mosquitoes sexed, n = 41 were male and n = 104
were female. Of the total mosquitoes captured, n = 9 were
identified as Aedes (all female), n = 47 were Anopheles
(female, n = 12), n = 13 were Coquillettidia (female,
n = 12),n = 76 were Culex (female, n = 71) (Fig. 2). The
prominent malarial vector Anopheles gambiae (Gillies and
Coetzee 1987) was identified among the captured mosquito
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Fig. 2 The distribution of mosquito genera captured during the study,
separated by sex
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Fig. 3 A comparison of mass
and quantity between the
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sample. The Cynometra SP trap captured significantly
less insect mass (control trap = 0.37 = SD 0.19 (g) vs.
Cynometra trap = 0.26 £ SD 0.14 (g); #[16] = 5.00,
p < 0.001) and quantity (control trap = 195.8 & SD 144.6
vs. Cynometra trap = 122.9 + SD 69.6; #[16] = 3.38,
p = 0.004) (Fig. 3). Paired samples correlations reveal a
positive significant relationship between (1) control trap total
insect mass (g) and Cynometra SP trap total insect mass
(n = 17 trails, Pearson correlation r* = 0.88, p < 0.001)
and (2) control trap total number of insects caught and
Cynometra SP trap total number of insects caught (n = 17
trails, Pearson correlation —_— 0.87, p < 0.001). Further-
more, the difference between the number of female
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EXPERIMENT

mosquitoes captured by both traps was non-significant
(control trap =1.12 £ SD 093 vs. Cynometra
trap = 1.76 £ SD 148, #[16] = —1.61, p = 0.13). Paired
sample correlation was non-significant (n = 17, Pearson
correlation 7% = 0.11, p < 0.67). Finally, the average per-
centage of mosquitoes to insects caught per trap was
0.015 %.

Discussion

Data support our predictions that SPs constructed with
freshly broken Cynometra reduce exposure to flying
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arthropods. This may be one major reason why these
chimpanzees choose to make SPs using Cynometra: cre-
ating more comfortable sleep (i.e., respite from flying
arthropods), and possibly indirectly reducing risk of
malaria infection. In addition, the prediction that Cynom-
etra reduces female mosquito exposure was not supported.
Therefore, annoyance towards insects sensu lato is
hypothesized to be the proximate mechanism guiding
avoidance strategies. In fact, it has been suggested that
primates allot significant energetic expenditure towards
deterrent behaviors that minimize exposure to Diptera and
Culicidae (Dudley and Milton 1990). Behaviors (in this
instance, sleeping site selection) that aid in this function
while asleep when the body is quiescent, could serve to
perform a similar function. It is unknown whether an
individual chimpanzee would be able to discriminate
between mosquito genera on the basis of the tonal quality
of wing beats. Therefore, it is either possible that chim-
panzees are psychologically harassed by the frequency of
sound emitted by a specific subset of mosquitoes/biting
flying arthropods or all mosquitoes/flying arthropods. The
possibility that audition may be differentiated between
biting insects that do or do no transmit disease is an
intriguing one and should be a focus of future research.
Koops and colleagues (2012) did not observe malarial
vectors at the Seringbara study site, despite having cap-
tured mosquitoes that transmit disease (Yellow fever, First
Valley fever and West Nile virus). In contrast, this is the
first account of the known malarial vector Anopheles
recorded in association with a chimpanzee site, which may
explain why there was no support for the antipathogen
hypothesis at Seringbara. In addition to Anopheles—Aedes,

Coquillettidia and Culex were captured in the sample
(Fig. 2). Species among these genera transmit a host of
diseases, including Yellow fever, dengue and dengue 2,
Chikungunya fever, Arbovirus, and Rift Valley fever
(Table 1). Limiting factors in this pilot project include:
small sample size, lack of a separate non-Cynometra SP
(i.e., alternative plant species), and insect capture only 1 m
above the ground (instead of in the canopy where chim-
panzees typically nest). Although, it should be noted that
chimpanzees have been observed constructing sleeping
platforms within the range of the trap heights employed in
this study (Semliki SP height min = 0.4 m; Hunt unpub-
lished data). Additionally, the trees that were used to
anchor the traps were previously observed to be used in SP
construction (Hunt unpublished data). Finally, it could be
that construction of SPs from any plant may mask the odor
of a chimpanzee. Further research should include meteo-
rological analysis, chemical analysis, and comparisons of
repellent qualities among trees selected by chimpanzees for
sleeping sites other than Cynometra.

Putting aside any adaptive benefits of avoiding Anoph-
eles-borne Plasmodium infection in chimpanzees that use
Cynometra SPs, simply reducing arthropod activity around
the animal (i.e., reducing psychological stress of main-
taining vigilance from annoying, biting insects) while
attempting to sleep would be advantageous. The impor-
tance of the selection of sleep sites that maximize sleep
quality must not be underestimated. Preston and colleagues
(2009) found that mammalian species that spend more time
asleep are able to increase investment in their immune
systems, and can, therefore, augment immunocompetance
and reduce parasitic infection. Therefore, the relationship

Table 1 Ugandan mosquito species, of the genera captured for this study, considered to be prominent disease vectors found in the AFRICOM
(US Department of Defense Unified Command Areas of Responsibility) region

Species Medical importance

References

Aedes stokesi Yellow fever

Aedes furcifer

Aedes aegypti Dengue, Yellow fever

Aedes africanus
Rift Valley fever

Anopheles arbiensis Malaria

Anopheles funestus Malaria, Bancroftian filariasis

Anopheles gambiae Primary malaria vector

Anopheles hancocki Malaria
Anopheles moucheti Malaria
Anopheles pharoensis Malaria

Coquillettidia
fuscopennata

Rift Valley fever

Culex bitaeniorhynchus

Yellow fever, Dengue 2, Chikungunya fever

Arbovirus, Yellow fever, Chikungunya fever,

W. bancrofti, Burgia malayi, Murray Valley encephalitis, Batai virus

Reinert (1972)

Diallo et al. (1999), Germain et al. (1980),
Jupp and Kemp (1993)

Christophers (1960)
Huang (1979)

Gimnig et al. (2001)

Gillies and de Meilion (1968)
Gillies and de Meilion (1968)
Gillies and de Meilion (1968)
Gillies and de Meilion (1968)
Gillies and de Meilion (1968)
Smithburn et al. (1948)

Harbach (1988)

Walter Reed Biosystematics Unit (2012)
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between insect exposure and sleep comfort could have a
powerful effect on individual fitness.

Sleep aids neural processing, neural ontogenesis, and
maintenance of neural plasticity (Marks 1995), and plays a
central role in improved neural functioning (Hobson 1990).
There is substantial experimental evidence to support
cognition and memory consolidation as central functions of
sleep (Kavanau 1994, 1997; Peigneux et al. 2001; Hobson
and Pace-Schott 2002; Walker and Stickgold 2006; Walker
2009). Sleep quality may be of great importance to brain
function and cognition (Preston et al. 2009), yet for apes
this claim cannot be assessed until sufficient data have been
accumulated.

Fruth and Hohmann (1996) suggest multiple benefits
from the transition of branch to SP sleep, proposing that
sleep architecture among Miocene apes increased in both
duration and quality with the transition to more comfort-
able and stable SP sleep. Furthermore, evidence of middle
stone age bedding constructed with foliage characterized
by anti-insect properties has been recovered (Wadley et al.
2011). If it is the case that SP site selection and structure
are characterized by functional properties that reduce
exposure to disease vectors, as well as large bodied pre-
dators, then the construction of SPs by large brained apes
may have been an important adaptation, shared by the
human-ape common ancestor, leading to higher quality
sleep environments which augmented waking cognition.
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