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Andrea Blackburn, Boston University, Anthropology 
and Ahmad Rizal, Tri Wahyu Susanto, Cheryl D. Knott 
Department of Biology Syarif Hidayatullah State Islamic 
University, Department of Biology Universitas Nasional, 
Department of Anthropology Boston University, Department 
of Biology Boston University 
Quantity and Quality of Orangutan Seed Dispersal in 
Gunung Palung National Park, Borneo, Indonesia 
Orangutans are large-bodied frugivores predicted to be 
effective seed dispersers. We studied  Bornean orangutan 
(Pongo pygmaeus wurmbii) seed dispersal effectiveness, by 
measuring the quantity of seeds dispersed and the quality of 
dispersal in Gunung Palung National Park, Borneo, Indonesia 
(August 2018 to August 2019). For dispersal quality we 
conducted germination experiments, measured germination 
rates, and modeled dispersal distances. We systematically 
collected orangutan fecal samples, feeding behavior, and GPS 
tracks during focal follows. We sieved 549 fecal samples 
collected from 36 orangutans and identified the seeds, and of 
the fecal samples collected, 75.2% contained seeds. A total of 
24 genera were dispersed via endozoochory. Germination 
experiments were conducted with orangutan defecated seeds 
and seeds from fruits. A significantly higher percent of 
orangutan defecated seeds germinated for 5 out of 6 genera 
than control seeds with pulp (p<0.01). A significantly higher 
percent of orangutan defecated seeds germinated for 3 out of 
6 genera compared to control seeds without pulp (p<0.01). 
Gut transit times in wild orangutans ranged from 39.5 to 87 
hours. Finally, we modeled seed dispersal distances using 
orangutan movement tracks (n= 30) with gut passage 
durations of 45 and 60 hours. Gut retention times of 45 hours 
resulted in a mean dispersal distance of 507 ± 123m, and 60 
hours resulted in a mean distances of 592 ± 115m. We 
conclude orangutans are effective seed dispersers, as 
orangutans disperse a wide variety of genera over medium to 
long distances and defecated seeds exhibit high germinability. 
 
Leveda Cheng, Harvard University, Department of Human 
Evolutionary Biology 
Bonobos incurred physiological challenges during intergroup 
encounters 
Both war and peace are key traits in human nature. However, 
most anthropological studies have focused on the emergence 
of warfare in humans. Relatively little is known about the 
evolutionary roots and underlying mechanisms of amicable 
associations between groups. Bonobo intergroup associations 
mirror the peaceful inter-band interactions in human societies 
and therefore offer an interesting comparative perspective on 
human social evolution. A crucial first step in understanding 
evolutionary pressures favoring flexible intergroup behavior is 
to identify conditions under which intergroup encounters, 
variable in nature and duration, may be challenging to 
bonobos. We monitored changes in urinary cortisol levels of 

two bonobo groups at the Kokolopori Bonobo Reserve, DRC, 
between non-encounter and encounter days and investigated 
whether changes in cortisol levels were associated with 
resource (food and mate) availability, numerical asymmetries 
between groups, as well as individual sex and rank. We found 
that males and females displayed higher cortisol levels during 
encounter than non-encounter days. Specifically, high-ranking 
individuals showed a larger cortisol increase during intergroup 
encounters, implying that they experienced greater 
physiological challenges in these events. We also found a 
larger cortisol increase as fruit abundance decreased, 
suggesting greater challenges during encounters when feeding 
competition was more intense. However, numerical 
asymmetry between groups had no effect on cortisol levels. 
Taken together, these findings indicate that intergroup 
associations in bonobos, despite being largely peaceful, posed 
physiological challenges to individuals. Further investigation 
into potential benefits of intergroup encounters is needed to 
understand the incentives for bonobos to associate with 
outgroups. 
 
Chloe Chen-Kraus, Yale University, Anthropology 
and Njaratiana Anick Raharinoro 
Mention Zoologie et Biodiversité Animale, Université 
d’Antananarivo 
How does human use of the forest affect the population 
density of Verreaux’s sifaka (Propithecus verreauxi)? 
Verreaux’s sifakas (Propithecus verreauxi) have been 
systematically studied within a small (80ha) research area at 
Bezà Mahafaly Special Reserve in southwest Madagascar for 
decades, yet the distribution and abundance of sifakas outside 
this area was unknown. Additionally, the reserve was 
expanded in 2013 to include new management zones which 
allow regulated human use of the forest. We sought to 
estimate sifaka density within the new management zones and 
assess how densities vary under different intensities of human 
use. To do this, we conducted surveys of fifteen 500m line 
transects in the dry forest of the reserve between July 2016 
and July 2018. We recorded all instances of freshly cut trees 
along the transects as a proxy for the intensity of human use 
and used visual and auditory cues to detect sifaka groups. We 
recorded GPS location of all groups encountered and created 
detection functions based on the group-transect distances 
using the Distance package in R. Using these detection 
functions, we estimated the density of the sifaka population in 
each of the management zones. The average density of sifakas 
was 6.5 individuals/km2 and the measure of cut trees per zone 
ranged from 0 to 57 cut trees/km. Sifaka density did not 
correlate with intensity of human use as expected; we found 
the highest densities of sifakas in the two zones of overall 
lowest and highest human use. These results suggest that 
human use of the forest at Bezà is occurring at intensities that 
may not have a negative impact on sifakas.   
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Jacob Feder, Stony Brook University, IDPAS 
and Jacinta C. Beehner, Amy Lu 
University of Michigan, Stony Brook University, 
Mechanisms of male-mediated maturation in wild geladas 
Across primates, male immigration can greatly impact social 
and reproductive life. While the arrival of males is known to 
provoke physiological stress, it can also prompt potentially 
adaptive reproductive strategies in females, including 
spontaneous abortion, the resumption of cycling, and, 
possibly, rapid sexual maturation of immature females (e.g., 
the Vandenbergh effect). While male effects on female 
maturation are well-documented in callitrichid primates, their 
importance in group-living species is less well-known. Here, we 
investigated the influence of male takeovers (n=96) on fecal 
glucocorticoids (fGCs, n=1019), estrogens (fE, n=1506), and 
maturations (i.e., first sexual swellings, n=114) in wild 
immature female geladas (Theropithecus gelada), a species in 
which male takeovers are known to trigger both spontaneous 
abortion and the resumption of cycling in adult females. After 
controlling for seasonal effects, we found that the first 30 days 
following male takeovers were associated with a 10-percent 
increase in fGCs (p=0.03) and a 65-percent increase in fE 
(p<0.001), even in females who were too young to feasibly 
mature. Additionally, fE, but not fGCs, increased during the 
100 days prior to maturation (p<0.001). Lastly, the arrival of 
new males coincided with a four-fold increase (p<0.001) in the 
likelihood of female maturation. These data provide evidence 
for male-mediated maturation in a wild primate and identify 
potential endocrine mechanisms underlying this process.  
 
Christian Gagnon, Boston University, Anthropology 
and Hannes Svardal, Anna J. Jasinska, Nelson B. Freimer, J. 
Paul Grobler, Trudy R. Turner, Christopher A. Schmitt 
Department of Anthropology, Boston University; Department 
of Biology, University of Antwerp, Center for Neurobehavioral 
Genetics, UCLA, Institute of Bioorganic Chemistry, Polish 
Academy of Sciences, Poznan, Department of Genetics, 
University of the Free State, Bloemfontein, Department of 
Anthropology, University of Wisconsin, Milwaukee 
Evidence of selection in the UCP1 gene region suggests local 
adaptation to cold temperatures in savanna monkeys 
(Chlorocebus spp.) 
Members of the genus Chlorocebus are widely distributed 
throughout sub-Saharan Africa, and in the last 200 ky 
expanded from East Africa into the southernmost regions of 
the continent. In these new environments, exposure to colder 
climates was likely a significant driver of selection. We 
investigated population-level genetic variation in the 
mitochondrial Uncoupling Protein 1 (UCP1) gene – implicated 
in non-shivering thermogenesis within brown/beige adipose 
cells – in a sample of 73 wild savanna monkeys from three taxa 
representing this southern expansion: Chlorocebus 
pygerythrus in South Africa and Botswana, Chlorocebus 

cynosuros in Zambia, and Chlorocebus hilgerti in Kenya and 
Tanzania. Our analyses included 10 kb flanking regions 
upstream and downstream of UCP1 to capture variation in 
potential cis-acting regulatory regions. Discriminant analysis of 
principal components and FST in this region shows expected 
differentiation between taxa and local populations consistent 
with phylogenetic distance. We found 21 SNPs with evidence 
of having undergone recent positive selective sweeps (piHS > 
1.3), 7 of which are also out of Hardy Weinberg equilibrium, 
including one 3’ downstream variant (7:87491726, piHS = 
1.30), one 5’ upstream variant (7:87507536, piHS = 1.89), with 
the remaining in intronic regions. PGLS models relating allele 
frequencies at these loci to climatic variables suggest that both 
derived and ancestral variants may be experiencing selection 
in response to colder conditions. Although compelling, that 
these variants are in non-coding regions with no previously 
known regulatory function calls for further validation and 
research.  
 
Ashley S. Hammond, Division of Anthropology, American 
Museum of Natural History, New York Consortium of 
Evolutionary Primatology 
Meeting the Last Common Ancestor: fieldwork, relatives, 
and modeling approaches 
Understanding the morphology of the last common ancestor 
(LCA) of chimpanzee and hominin lineages is key for refining 
scenarios for human origins. The LCA is believed to have 
evolved in Africa during the terminal Miocene (~8-6 Ma), but 
finding fossil hominins and apes from this timeperiod has 
proven to be challenging. Here, I will talk about my on-going 
efforts to characterize the morphology of the LCA using three 
modalities. First, I will discuss evolutionary modeling 
approaches that combine 3D shape data to allow estimations 
of ancestral morphology. I will show one example of how we 
might estimate pelvic shape in the LCA and what this can tell 
us about origins of bipedality. Second, I will show how Miocene 
hominoids are essential points of comparison when 
considering hominin origins, as these relatives can help us 
calibrate what the LCA morphology looked like. I will discuss 
recent work that reinterprets the Oreopithecus bambolii (~8.3-
6.7 Ma) pelvis and torso and the extent to which this unusual 
terminal Miocene hominoid might inform scenarios for 
hominin bipedalism. Finally, I will showcase recent field work 
at 6 Myr old sites in the southern Kenyan Rift Valley, where we 
hope to gain additional empirical evidence for earliest hominin 
evolution. 
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Faye Harwell, Boston University, Anthropology 
and Rinaldi Gotama, Muhammad Syainullah, Junardi, Tatang 
Mitra Setia, Brodie Philp, Cheryl D. Knott 
Hong Kong University of Science and Technology, Gunung 
Palung Orangutan Project, University of Tanjungpura, 
National University, Gunung Palung Orangutan Project, 
Boston University 
Estimation of body temperature of Bornean orangutans 
(Pongo pygmaeus wurmbii) from fecal temperature 
measurements 
Monitoring health status is a critical aspect of primate 
conservation, yet can be difficult to noninvasively investigate 
in the wild. Internal body temperature, a marker of health in 
endotherms, has been tested in humans and chimpanzees 
using two different fecal temperature methods: using the peak 
internal temperature (PIT) or applying a sigmoid curve (SC). We 
tested both methods on wild and rehabilitant Bornean 
orangutans to determine if either is a feasible methodology for 
arboreal mammals. The SC method involves a series of 
temperatures for each sample that we fitted to a sigmoid 
curve, whereas the PIT method involved a single peak 
temperature recording. Estimates from the two methods were 
not significantly different in either our wild (T(88)= -2.0781, 
P=0.0406) or rehabilitant (T(29)= -2.8404, P=0.0082) samples. 
Adult rehabilitant body temperatures (N=9; 34.62 ± 1.32°C) 
were estimated to be hotter than those in the wild (N=107; 
33.59 ± 1.66°C), although not significantly different 
(T(115)=1.9859; P=0.0493). In our model, testing a number of 
factors, we found height of fecal drop (P=0.0071), fecal weight 
(P=0.0198), and time of day (P=0.0029) to significantly affect 
body temperature estimates. Our field sample (N=107) 
indicates that wild orangutans have an internal fecal 
temperature, ranging between 29.5 and 37.3°C, lower than 
mean temperatures for chimpanzees or humans. This supports 
the finding that orangutans have lower metabolic rates than 
do most other eutherian mammals. Lower body temperature 
may serve as a metabolic adaptation of orangutans to survive 
extended periods of low food availability when energy needs 
to be conserved.  
 
Laura LaBarge, SUNY University at Buffalo, Evolution, Ecology 
and Behavior 
and Andrew Allan, Carol Berman, Susan Margulis, Russell Hill 
Primate and Predator Project, Durham University, University 
at Buffalo, Canisius College, Durham University, 
Reactive and pre-emptive spatial cohesion in a social 
primate 
Group-living animals benefit from access to social information 
about potential risks or resources and this information may 
pass more rapidly through groups that are more spatially 
cohesive. Some limited evidence suggests that spatial 
cohesion itself is risk-sensitive, but it remains uncertain 
whether individuals seek proximity to group mates under 

heightened perceived risk. Using direct behavioural 
observations on two groups of samango monkeys 
(Cercopithecus albogularis schwarzi) we explored whether 
each group (small and large) adjusted cohesion in response to 
risk from predators and inter-group encounters and whether 
this adjustment might be reactive or pre-emptive. We used 
behavioural data and GPS-recorded locations of inter-group 
conflict and eagle encounters to assess potential changes 
under immediate risk or while in high-risk locations in the 
absence of a direct threat. We used the number of conspecific 
neighbours as a measure for cohesion and multi-model 
inference to compare support for candidate models that 
considered various ecological factors as plausible alternative 
predictors. We found support for changes in cohesion in 
reaction to inter-group conflict in both study groups. In 
contrast, only the smaller group tended to pre-emptively 
increase cohesion in areas of high eagle predation and inter-
group encounter risk. These results suggest that spatial 
cohesion is risk-sensitive, but that the magnitude and direction 
of responses can differ between groups. 
 
Laura Lewis, Harvard University, Human Evolutionary Biology 
and Chris Krupenye, Josep Call, Fumihiro Kano 
The University of St. Andrews, Kyoto University, Kumamoto 
Sanctuary 
The evolution of great ape social attention and long-term 
social memory 
Many primates, including humans, live in large and dynamic 
communities. They must develop unique social relationships, 
avoid aggressive interactions, and capitalize on opportunities 
to scale the dominance hierarchy, learn from others, and 
successfully reproduce. This type of group-living demands 
tradeoffs, or biases, in long-term social memory and social 
attention, defined as directed visual attention toward 
conspecifics. Although a growing literature has demonstrated 
that such biases in social attention and memory exist across 
many primate species, a key question is how they are shaped 
by the demands of a species’ socioecology. Chimpanzees and 
bonobos provide the ideal model for addressing this question 
because they live in large multi-female, multi-male 
communities with fission-fusion grouping patterns and highly 
differentiated social relationships, and demonstrate some 
similarities and many differences in their social dynamics. 
Using eye-tracking technology with 30 chimps and bonobos, 
we tested how long-term social memory may be impacted by 
different dimensions of socioecology. Preliminary data 
suggests that chimpanzees and bonobos can remember 
previous groupmates for many years, and further analysis will 
determine which features of chimp and bonobo socioecology 
may be mediating this long-term social memory. In a second 
study, we used eye-tracking to investigate whether these 
species direct more social attention to ingroup members or 
outgroup conspecifics. This dataset reveals that social 
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attention is likely driven by sex-based dominance patterns, 
whereby chimpanzees demonstrate greater discrimination 
between male groupmates and strangers, while bonobos 
discriminate more between females.  
 
Stefano Lucchesi, Harvard University, Human Evolutionary 
Biology 
and Leveda Cheng, Martin Surbeck 
Harvard University 
Energetic consequences of inter-group encounters in wild 
bonobos 
The ability to establish long-lasting cooperative relationships 
between communities is a key element in human societies. 
Although this capability may have evolved as a strategy that 
allows reciprocal resource access during time of resource 
shortage, the mechanisms that led to its evolution are unclear. 
Bonobos, one of our closest living relatives, exhibit similar 
flexibility in between-community relations, with tolerant inter-
community associations that can last for several consecutive 
days. Inter-community tolerance in bonobos has been linked 
to the species’ highly productive habitat with limited seasonal 
fluctuation in food availability, which may reduce co-feeding 
costs and allow prolonged inter-community associations. Here 
we tested the validity of such hypothesis by exploring the 
energetic consequences of inter-community encounters in 
two neighboring communities of wild bonobos in Kokolopori 
Bonobo Reserve, DRC. We used Urinary C-peptides (UCP), a 
non-invasive biomarker of energy balance, to assess if inter-
community encounters affected the energetic conditions of 
participants. We found that individuals’ UCP levels did not 
significantly differ during and outside of encounters, 
suggesting that inter-community interactions neither carry 
energetic costs nor benefits to participants. These results 
confirm that low energetic costs of associations favor inter-
community tolerance in bonobos, although the motives 
driving communities to associate may be of social rather than 
ecological nature. 
 
Carrie Mongle, American Museum of Natural History, Division 
of Anthropology 
and A Nesbitt, JB Smaers,  FE Grine 
Department of Anatomy, University of Missouri, Department 
of Anthropology, Stony Brook University 
Evidence that developmental processes generate a line of 
least resistance for the evolution of the primate dentition 
Developmental processes are important mechanisms that 
enable evolutionary change. For example, patterns of 
morphological variability generated by developmental 
processes directly impact the population-level variation upon 
which natural selection can act. By patterning the variability of 
traits, developmental processes can also shape their potential 
‘evolvability’, leading to differential rates of evolution. One 
such process is the inhibitory cascade, which regulates the 

development of mammalian molars. Previous studies have 
experimentally demonstrated that the sequential 
development of molar teeth is controlled by an auto-
regulatory reiterative signaling pathway of ‘activator’ and 
‘inhibitor’ molecules that influence relative molar size. It has 
been suggested that spacing differences in these signaling 
pathways will also manifest in accumulative morphological 
variation, such that small changes in earlier developing teeth 
result in much larger changes in later developing teeth. We 
test the hypothesis that development can pattern rates of 
evolution by biasing trait evolvability. We use phylogenetic 
comparative methods to measure rates of evolution (defined 
as the magnitude of undirected, stochastic change in a 
Brownian motion process) from mesiodistal and buccolingual 
diameters of the lower M1, M2 and M3 across a sample of 71 
anthropoid primate species. Our results demonstrate that the 
M1 evolves at the slowest rate, the M2 is intermediate, and 
the M3 has the fastest, most variable rate of evolution. These 
results suggest that the inhibitory cascade shapes the pathway 
by which evolutionary change can occur along the dentition. 
 
Evelyn Pain, Stony Brook University, IDPAS 
and Andreas Koenig, Amy Lu, Anthony Di Fiore 
Stony Brook University, University of Texas at Austin 
Scent marking by male woolly monkeys (Lagothrix 
lagotricha poeppigii) 
Despite the prevalence of scent marking behaviors across the 
primate order, studies on olfactory communication are scarce. 
Three main functions have been proposed for scent marking 
behaviors: demarcating territories, asserting dominance, and 
attracting/competing for mates, with the latter receiving the 
most empirical support. Here, we examine the behavioral 
contexts of scent marking by male woolly monkeys (Lagothrix 
lagotricha poeppigii) at the Tiputini Biodiversity Station, 
Ecuador using data collected on 4 groups over 10 months. We 
hypothesized that scent marking by males serves as a form of 
intra-sexual competition or inter-sexual advertisement within 
and between groups. We predicted that scent marking and 
sexual behavior would be temporally correlated, that the rate 
of scent marking would be positively correlated with male size, 
and that scent marking would be more common following 
intergroup encounters (IGEs). All predictions were tested using 
GLMMs. We found a tendency for scent marking to be more 
common on days when sexual behavior was also observed 
(0.05<p<0.10), and for males to engage in sexual behaviors 
more frequently during focal samples when they also scent 
marked (0.05<p<0.10). We also found a relationship between 
male size and scent marking rates, although contrary to our 
prediction, larger males in our study groups scent marked less 
frequently (p<0.01). We did not find any effect of IGEs on scent 
marking (p>0.10). Our results suggest that male scent marking 
in woolly monkeys may play a role in within-group 
reproductive competition; specifically scent marking may 
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comprise part of an alternative reproductive tactic employed 
by smaller males.  
 
Rachel Perlman, Stony Brook University, IDPAS 
and Jacinta C. Beehner, Andreas Koenig, Amy Lu 
Interdepartmental Doctoral Program in Anthropological 
Sciences, Stony Brook University, Department of Psychology, 
University of Michigan, Department of Anthropology, 
University of Michigan, Department of Anthropology, Stony 
Brook University 
Energy balance in wild male geladas 
Although female primates are presumed to be under energetic 
constraints due to the physiological burden of gestation and 
lactation, a growing body of work suggests that males can face 
comparable energetic challenges throughout the year. Here, 
we examined how seasonal changes in rainfall and 
temperature were associated with energy balance (measured 
via urinary C-Peptide) in 39 wild male geladas (Theropithecus 
gelada) from the Simien Mountains National Park, Ethiopia, 
across a 13-month period. The gelada social system comprises 
leader males with reproductive units (N=20) and bachelor 
males who cannot mate until they take over a leader’s unit 
(N=19). Using rainfall as a proxy for food availability and 
temperature as a proxy for thermoregulatory stress, we 
predicted that rainfall and temperature would be positively 
associated with energy balance. However, contrary to 
expectations, higher energy balance occurred following 
periods of low rainfall and low minimum temperatures. 
Compared to bachelors, leader males exhibited lower energy 
balance during the annual ‘takeover season’, which coincides 
with the driest months of the year.  High energy balance during 
the driest and coldest months of the year may be explained by 
increased feeding on underground plant parts, which may be 
more nutritious than graminoids. Future studies on below- vs. 
above-ground foraging will help clarify this pattern, and 
determine how bachelor males maintain better energy 
balance in comparison to leaders during the ‘takeover season’. 
Support was provided by the National Science Foundation 
(Award #: 1732231), the Leakey Foundation, International 
Primatological Society, the Nacey Maggioncalda Foundation, 
and Sigma Xi. 
 
Lauren Petrullo, Stony Brook University, IDPAS 
and Noah Snyder-Mackler, Amy Lu 
Maturation of the vervet monkey infant gut microbiome 
The infant gut microbiome impacts host development in 
humans and rodents and is shaped by complex ecological 
processes. Despite this complexity, most prior research has 
been limited by single measures of gut microbiome maturation 
(e.g., increasing alpha-diversity with age) and a dearth of 
functional inference of compositional changes. Here, we 
employ a multi-tiered approach to investigate the maturation 
of the infant gut microbiome in captive vervet monkeys (N=18) 

from birth through 6 months old (post-weaning). We examine 
strain-level changes in composition, construct microbial 
networks to identify highly-connected taxa (“hubs”), and 
identify shifts in community function. At 2-5 days old, infants 
exhibited greater inter-individual variation in composition 
than at 4 and 6 months (p<0.01), as well as strong dominance 
of Bacteroides fragilis, a microbe that digests milk 
oligosaccharides. Despite this dominance, Bacteroides was not 
a hub taxa at this age and, along with Staphylococcus and 
Clostridium, became largely absent by 4 months. As expected, 
alpha-diversity increased with age while compositional 
dissimilarity between infants and their mothers decreased 
(p>0.001). Microbial networks became denser and hub taxa 
varied across time. In line with B. fragilis dominance during 
early but not late development, carbohydrate metabolism 
decreased with age, while functions such as cell motility and 
replication and repair increased (p>0.0001). Together, these 
results represent some of the first data on the developing gut 
microbiome of a nonhuman primate and highlight the 
importance of integrating multiple analytical approaches in 
studies of the infant gut microbiome. 
 
Amanda Rowe, Stony Brook University, IDPAS 
and Mariah E Donohue, Elizabeth L Clare, Rosie Drinkwater, 
Andreas Koenig, Zachary M Ridgways, Luke D Martin, Eva S 
Nomenjanahary, Francois Zakamanana, Lovasoa J 
Randriamanandaza, Thierry E Rakotonirina, Patricia C Wright 
IDPAS, Department of Biology, University of Kentucky, School 
of Biological and Chemical Sciences, Queen Mary University 
of London, UK, Department of Anthropology, Stony Brook 
University, Department of Chemistry, Stony Brook University, 
School of Archaeology and Anthropology, Australian National 
University, Australia, Department of Biological Anthropology, 
University of Antananarivo, Madagascar, Centre ValBio 
Research Station, Ranomafana, Madagascar 
Exploratory analysis identifies arthropod consumption in 
ten lemur species using DNA metabarcoding 
Arthropods can fulfill major nutritional requirements for 
primates, yet for many primate species we know very little 
about the frequency and importance of arthropod 
consumption. In particular, studies of arthropod consumption 
in lemurs are limited by difficulties in visually discerning prey 
items, with most lemur research reporting arthropod 
consumption as general animal prey, insects, spiders, or 
reporting broad common name groups. To aid in a more 
complete understanding of arthropod consumption in lemurs, 
we undertook an exploratory analysis of 170 fecal samples 
using DNA metabarcoding to document arthropod 
consumption in ten lemur species found in three national 
parks in Madagascar. Specifically, we opportunistically 
collected fecal samples during focal follows or in live-traps and 
performed DNA metabarcoding analyses on the prey 
fragments found in the samples to identify consumed 
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arthropods. All lemur species tested showed evidence of 
arthropod consumption, but lemurs of the family 
Cheirogaleidae displayed the highest frequencies and had the 
richest diet in terms of arthropods. To our knowledge, this 
study presents the first evidence of arthropod consumption in 
Phaner pallescens, Avahi laniger, and Propithecus verreauxi, 
and identifies more than 35 families of arthropods as probable 
food items that have not been published as lemur dietary 
items to date. Our study emphasizes the importance of 
arthropods as a nutritional source and the role DNA 
metabarcoding can play in elucidating an animal’s diet.  
 
Elizabeth Tapanes, George Washington University, 
Anthropology 
and Mitchell T. Irwin, Jason M. Kamilar, Brenda J. Bradley 
Department of Anthropology at Northern Illinois University, 
Department of Anthropology at University of Massachusetts 
Amherst, Graduate Program in Organismic and Evolutionary 
Biology at University of Massachusetts Amherst, Department 
of Anthropology at George Washington University 
Evolution of pelage coloration in a wild lemur population 
A central goal of evolutionary biology is characterizing the 
emergence of evolutionary novelty and variation within a 
population. Pelage (i.e., hair/fur) provides an exemplary 
opportunity to understand what drives phenotypic diversity, 
because variation in hair often provides individuals with 
adaptations to both their social and physical environments. 
Studies on primate pelage thus far have provided unique 
insights into the macro-evolutionary mechanisms driving 
variation, but studies on pelage variation in wild primate 
populations are rare. Here, we examine the pelage of a wild 
primate population of Propithecus diadema that exhibits 
striking variation –melanic to tri-colored animals— across a 
~15km variable habitat in the Tsinjoarivo forest (including 
continuous and fragmented forest). We scored 18 regions of 
sifaka hair (N = 88 individuals) on ‘pigmentation’, ‘contrast’, 
and ‘complexity’. We used a principal components analysis 
(PCA) to reduce the dimensionality of the pelage variables and 
conducted linear regressions on PC1 and PC2 against variables 
known to influence hair color in other mammals. We found 
little to no variation in pelage contrast or complexity within the 
population. We did find a significant difference (p < 0.01) in the 
dorsal torso, limbs, and head coloration based on distinct 
geographic sampling regions. Also, we found variation in 
ventral torso coloration among age-classes (specifically, 
among males). We found no support for sex-specific 
differences, suggesting sexual selection is likely not shaping 
pigmentation. Taken together, we hypothesize Tsinjoarivo 
sifakas evolved current pelage coloration patterns due to 
underlying influences of demographic history, and/or strong 
selective pressures driven by climate or ecology.  
 
 

David Wood, Yale University, Anthropology 
and Alba Garcia de la Chica, Eduardo Fernandez-Duque 
University of Barcelona (Spain), Yale University 
Sociosexual responses to the simulated presence of solitary 
individuals in pair bonded owl monkeys (Aotus azarae) 
The role of solitary floaters has not been properly evaluated 
when considering reproductive strategies of pair-living and 
sexually monogamous species. Our goal was to evaluate the 
role that reproductive competition between solitary and 
resident adults has in regulating owl monkey pair-living. Owl 
monkeys (Aotus azarae) live in groups of one pair of 
reproducing adults and 1-4 younger, non-reproducing 
individuals. Individuals disperse from their natal groups 
around 3 years old, becoming floaters while attempting to 
evict a resident same-sex adult.  During the playing back of 
unfamiliar male (graff) and female (tonal) loud calls and a 
control stimulus from the center and border of three group’s 
home ranges, we collected data on sociosexual behavior for 20 
min before, 20 min during, and 40 min after the playback. 
When graff or tonal calls were reproduced, only adult pairs 
reacted (N=12). During and after the playbacks, both sexes 
scent marked more following graff than tonal hoots (males 
0.240±0.228 vs 0.005±0.012; females 0.107±.119 vs 
0.077±0.105). They also scent marked their partner (males: 
0.222±0.204, females: 0.072±0.111 per hour) and urine 
washed (males: 0.038±0.083, females: 0.040±0.045 per hour) 
after graff calls but not tonal ones. The increased rates of these 
behaviors, by males and females, in response to graff (male) 
calls suggest that males may be mate guarding their partners. 
More examination of sex roles which considers competition 
and parenting by both sexes is still needed in primatological 
research.  
 
Trisha Zintel, University of Massachusetts Amherst, 
Molecular and Cellular Biology 
and Jason Pizzollo, Courtney C. Babbitt 
Department of Biology (University of Massachusetts 
Amherst), Molecular and Cellular Biology Graduate Program 
(University of Massachusetts Amherst) 
Investigating cell-type specific shifts in metabolic gene 
expression between human and chimpanzees 
The human brain is more energetically costly than that of other 
primates, utilizing ~ 20% of all of the body’s metabolic 
resources, while chimpanzee brains use less than 10%. 
Previous work on whole brain tissue have consistently 
determined significant differences in metabolism between 
species. A cell-type specific comparison is necessary to 
understand distinct cellular contributions to interspecific 
differences in neurological function. Here, we conducted a 
cell-type specific investigation of neural differences between 
humans and chimpanzee by conducting RNA-Seq on neural 
progenitor cells (NPCs), neurons, and astrocytes generated 
from induced pluripotent stem cells (iPSCs) from both species. 
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Differential expression (DE) analyses demonstrate that the 
greatest proportion of genes exhibiting DE are between 
species’ astrocytes (12.2% of all expressed genes), followed by 
NPCs (8.57%), and neurons (5.8%).  Categorial enrichment 
analyses of genes exhibiting DE show that all three neural cell 
types display interspecies gene expression enriched for 
metabolic processes, driven primarily by higher expression of 
metabolic genes in human cells. Gene set enrichment analyses 
reveal that human neurons and astrocytes are enriched for 
greater glucose transport while chimpanzee neurons and 
astrocytes exhibit greater lactate transmembrane transport. 
We also determined cell-type by species differences in gene 
expression for nuclear- and mitochondrially-encoded subunits 
of the protein complexes important for oxidative 
phosphorylation. This work circumvents the technical and 
ethical hurdles of investigating rare cell types in primates to 
provide exciting insight into the cell type specific metabolic 
changes that were necessary to support evolution of the 
human brain. 
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Will Aguado, Rutgers University, Anthropology 
and Sarah A. Skubel, Erin R. Vogel 
Department of Plant Biology Rutgers University, Department 
of Anthropology Rutgers University 
Application of plant metabolome storage technology and 
bioactivity assays to primate feeding ecology 
Plant secondary metabolites (PSMs) are a ubiquitous and 
hyper-diverse class of compounds that have received little 
attention as parameters of diet selection in primates. Although 
commonly thought of as feeding deterrents, such compounds 
may be beneficial to the organisms that consume them 
because of their favorable effects on health. “Rapid 
Metabolomic Extraction and Storage technology” (RAMES) 
and “Screens-to-Nature Assays”, developed to explore 
worldwide plant metabolomic diversity, provide a means of 
easily assessing the medicinal properties of plants in the field 
and can be employed by primatologists interested in 
understanding the medicinal properties of primate plant 
foods. Extracts are made with only two grams of ground plant 
material and stored in ethanol on glass fiber discs. 
Impregnated discs are easily stored and used in bioactivity 
assays modified to accommodate RAMES discs while in the 
field. Samples may provide quantitative measures of 
bioactivity with the use of a portable spectrometer or be 
subject to UPLC/MS metabolome analysis for identification of 
bioactive compounds. Here, I provide the qualitative results of 
a pilot study that documents the antinematodal, antibiotic, 
and antioxidant properties of Bornean orangutan foods (n=9) 
using RAMES and Screens-to-Nature assays at the Tuanan 
Research Station, Indonesia. These methods may be employed 
to study the role of bioactive PSMs in diet selection of 
primates, to better understand zoopharmacognosy, oxidative 
stress ecology, and may provide interesting insights into the 
relationship between diet and the microbiome. 
 
Courtney Babbitt, UMass Amherst, Biology 
and Jason Pizzollo, Trisha Zintel 
UMass Amherst 
Evolution of gene regulation in human and chimpanzee 
neural cells 
Human and chimpanzee genomes are very similar, but our 
neural phenotypes are significantly different. Changes in gene 
expression can account for phenotypic differences between 
species, and adaptation in DNA regulatory elements like distal 
enhancers may help explain some of these differences. 
Although putative enhancers can be identified with molecular 
or bioinformatic methods, the function of these elements 
remains unknown. To understand how changes in enhancers 
can affect human neural phenotypes, we have identified 
putative enhancers that show signs of accelerated nucleotide 
substitution in humans or have epigenetic marks associated 
with enhancers that are specifically active during human brain 
development. Using this set of human enhancers and their 

chimpanzee homologs we employed a lentiviral massively 
parallel reporter assay to functionally test enhancers in neural 
progenitor cells differentiated from human and chimpanzee 
induced pluripotent stem cells. We found 449 enhancers 
capable of increasing expression of a reporter gene in this 
assay and a subset for which only human homologs were 
active. Layering a second dataset informing about rates of 
accelerated substitution in these enhancers, we focus on 
biological processes enriched among human-specific 
enhancers and further look to those showing signs of positive 
selection. In this analysis we find a 140 bp human enhancer in 
the 4th intron of GRID2 with 2 nucleotide substitutions that 
result in the appearance of 14 new transcription factor motifs. 
Together, this analysis highlights how combining 
computational and experimental methods can identify 
functional non-coding elements in the genome. 
 
Amber Beg, Boston University, Anthropology 
and Stephanie A. Poindexter, Muhammad Ali Imron, Eva C. 
Garrett, K.A.I. Nekaris 
Anthropology Boston University USA, Nocturnal Primate 
Research Group Oxford Brookes University UK, Anthropology 
Boston University USA, Department of Forest Resources 
Conservation Universitas Gadjah Mada Indonesia 
Do social, ecological, and abiotic factors influence 
movement in a nocturnal primate? 
Animal movement is initiated by the need to secure resources 
including food items, mates, and shelter, but animals also 
move to avoid predators and to interact with conspecifics 
beyond seeking mating opportunities. Abiotic factors can also 
impact ranging behavior, especially in species that display 
known behavioral changes due to lunar phases (lunarphobic or 
lunarphilic nocturnal species). To investigate how variations in 
nightly activity and climatic variable influence movement in 
the Javan slow loris (Nycticebus javanicus), we used data 
collected between 2016 and 2018 at the Little Fireface field 
station in West Java, Indonesia. We calculated the nightly path 
length for 15 individuals and quantified the ratio of insect vs. 
gum feeding, the proportion of social behaviors, and climatic 
variables (i.e., cloud cover and wind) for each night. We found 
that in the Javan slow loris, nightly movement varies based on 
foraging bouts and variations in abiotic factors. Examples of 
these changes include increased nightly path lengths when 
individuals were feeding primarily on gums and on nights with 
a higher percentage of cloud coverage. Our results shed light 
on the various ways that a nocturnal primate structures its 
nightly movement. Advances in technology and forest access 
have improved our ability to collect more robust data on 
nocturnal animals; facilitating an increased research emphasis 
on movement ecology and spatial cognition. As we look to 
simulate animal movement, it is crucial that we understand 
the factors that facilitate and minimize travel distances in a 
wild context.   
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Rachel Bell, The University of Massachusetts, Amherst, 
Graduate Program in Organismic and Evolutionary Biology 
and John Rowan, Jason Kamilar, Lydia Beaudrot, Kaye Reed 
Graduate Program in Organismic and Evolutionary Biology, 
University of Massachusetts Amherst, Department of 
Anthropology and Graduate Program in Organismic and 
Evolutionary Biology, University of Massachusetts Amherst, 
Department of BioSciences, Program in Ecology & 
Evolutionary Biology, Rice University, Institute of Human 
Origins, School of Human Evolution and Social Change, 
Arizona State University 
How do non-primate competitors affect the potential 
distribution of frugivorous primates? 
Global analyses of primate communities have found that 
modern climate and evolutionary history shape community 
structure. Interspecific competition among primates and with 
non-primate mammals may be an additional important factor 
to consider, though we have little knowledge of this potential 
effect. Competition with non-primate mammals may be 
particularly important in shaping frugivorous primate 
distributions due to the spatially and temporally patchy nature 
of fruiting resources. Our study comprehensively tests how 
non-primate competitors influence the predicted distributions 
of frugivorous primates by using a species distribution 
modeling approach in mainland Africa and Madagascar. We 
hypothesize that frugivorous non-primate mammals and 
primates will limit each other’s distributions via competitive 
exclusion. We test this hypothesis by comparing abiotic and 
biotic species distribution models for 29 sub-Saharan African 
and 19 Malagasy primate species in MaxEnt. Biotic models 
incorporate potential competitor ranges as well as the 
environmental and climatic variables used in the abiotic 
models. We predict that the biotic models will produce more 
limited distributions compared to abiotic models by 
incorporating competitive exclusionary forces. We find that 
non-mammal competitors are more important predictors and 
limiting factors of mainland African primate distributions than 
of Malagasy lemur distributions. This suggests that non-
primate competitors are not as important in shaping lemur 
distributions compared to primates in other broad geographic 
regions. The results of this study reflect the complexities of 
how interspecific interactions shape species distributions, as 
well as the influence of historical biogeography on community 
structure. 
 
Andrew Best, University of Massachusetts, Anthropology 
and Jason M. Kamilar, University of Massachusetts 
Evolution and diversity of human eccrine sweat gland 
density 
Humans’ capacity to cool by sweating far surpasses that of 
other primates and mammals and is linked with hallmark 
events in human evolution including expanded foraging and 
locomotor behavior, near-naked skin, and bigger brains, all of 

which depended upon increased ability to dissipate heat.  After 
human dispersal from Africa, sweat gland density may have 
changed to suit local environmental conditions.  Despite the 
significance of this trait to the human genus, the evolution of 
human sweat gland density and contemporary variation in 
gland density is poorly understood.  Our presentation will 
summarize the body of knowledge on the evolution of human 
sweat gland density and variation in gland density between 
contemporary human populations; suggest potential 
mechanisms through which this variation may be produced via 
phenotypic plasticity; and present data from our current 
project investigating inter-population diversity in gland density 
(resultant from evolutionary forces and/or climate-driven 
phenotypic plasticity) and the physiological consequences of 
this diversity.  This work aims to fill a gap in our understanding 
of the evolution and physiological implications of an essential 
human characteristic. 
 
Tennyson Cooper, Boston, Anthropology 
and Christian M. Gagnon, Hannes Svardal, Anna J. Jasinska, 
Nelson B. Freimer, J. Paul Grobler, Trudy R. Turner, 
Christopher A. Schmitt 
Department of Anthropology Boston University, Department 
of Biology University of Antwerp, Center for Neurobehavioral 
Genetics University of California/Institute of Bioorganic 
Chemistry Polish Academy of Sciences, Center for 
Neurobehavioral Genetics University of California, 
Department of Genetics University of the Free 
State/Department of Anthropology University of Wisconsin, 
Department of Anthropology Boston University 
TRPM8 analysis suggests regional selection for cold 
sensitivity in south african vervets 
TRPM8 is a transient receptor potential cation channel in the 
M subfamily, that when expressed in the skin is generally 
understood to regulate cold sensation. Previous studies have 
found variation in the TRPM8 gene in humans to exhibit a clinal 
distribution, indicating a potential role in regional cold 
adaption in human evolutionary history. We hypothesize that 
South African vervet monkeys (Chlorocebus pygerythrus), 
which occupy habitats in varied climatic regions, will also 
exhibit adaptive variation in TRPM8. We used publicly-
available whole-genome sequence data from three separate 
vervet populations (Free State, KwaZulu-Natal, and Eastern 
Cape) to assess signs of selection in TRPM8 and associated 
10kb up- and downstream flanking regions. Principal 
component analysis suggests that TRPM8 variation in these 
populations show overlap but also clear differentiation. 
Analyses of Hardy-Weinberg equilibrium(HWE) and linkage-
based analyses also shows some signs of positive selection, 9 
of the 52 positions found to be out of HWE were also found to 
have significant integrated haplotype score(iHS). Majority of 
these positions (10:119959181 iHS 2.541114, 10:120016927 
iHS -2.019312, 10:120026226 iHS 2.624831, 10:120038046 iHS 
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3.416936, 10:120038306 iHS 2.575522) were found within 
intron regions, one (10:120045395 iHS -1.987509) was found 
downstream region. Though these variants could hold 
regulatory functions, further validation is needed to see if 
these population differences impart significant functional 
variation in cold sensation. This study supports the notion that 
variation in TRPM8, the only known receptor associated with 
cold sensation, could have been selected for in the genus 
Chlorocebus in response to migration into more seasonal 
southern latitudes. 
 
Rebecca DeCamp, Boston University, Anthropology 
and Stephanie Poindexter, Christopher Schmitt, Eva Garrett 
Boston University Department of Anthropology 
Strepsirrhines represent a derived condition of the 
vomeronasal system in primates 
The primate sense of smell evolved in a complex manner. Like 
most other mammals, the primate sense of smell is divided 
into two systems: The Main Olfactory System, and the 
Vomeronasal System (VNS) detects non-volatile pheromones 
via the vomeronasal organ (VNO). The VNO expresses proteins 
in vomeronasal receptor neurons encoded by the 
Vomeronasal Receptor 1 (V1R) gene family. In primates, there 
has been a significant loss of vomeronasal function in the 
haplorhine lineage, with most catarrhines having lost both the 
VNO and function of most V1R genes, but it has proven difficult 
to pinpoint the loss of VNO function in primates over their 
evolution from fossils since most olfactory analysis is based on 
soft tissue and genetic material. Additionally, many have 
speculated that strepsirrhines have retained the ancestral 
olfactory state. In this study, we assessed V1R gene families 
using data from 36 species within the Euarchoglires lineage, 
with a specific focus on extant and fossil primates. We used 
Maximum Likelihood modelling to determine the percentage 
of functional V1R genes in ancestral primates. Our results show 
that strepsirrhines, particularly lemuroids, have gained 
functional V1R genes throughout their evolution; while the last 
common primate ancestor was predicted to have ~44% (CI: 
34.93682071, 52.507273) functional V1R genes, the last 
common ancestor of lemuriforms was predicted to have ~77% 
(CI: 71.37339398, 83.344198) functional V1R genes. This is 
likely due to a duplication event in the lemuriform clade that 
resulted in what has been described as the V1R gene subfamily 
V1Rstrep. 
 
Rachel Donabedian, Columbia University, Ecology, Evolution, 
and Environmental Biology 
and Marina Cords 
Department of Ecology, Evolution, and Environmental 
Biology-Columbia University NYC, New York Consortium in 
Evolutionary Primatology 
Factors influencing social rank acquisition in juvenile blue 
monkeys 

Cercopithecine monkeys show maternal rank inheritance with 
adult daughters typically assuming ranks directly below their 
mother. As infants are submissive to adult group-mates, rank 
must be “acquired” with juveniles becoming dominant to 
adults from lower-ranking families. In relatively aggressive, 
largely terrestrial species – namely baboons, macaques, 
mangabeys, and vervets –  support from mothers and sisters 
plays an important role in this process. Rank acquisition has 
not been studied in arboreal guenons, which are less 
dominance-oriented and have lower aggression rates than 
other cercopithecines. Focusing on blue monkeys 
(Cercopithecus mitis) in the Kakamega Forest, Kenya, we used 
Elo-ratings to track rank trajectories of 126 juvenile females 
from 9 social groups to determine when they reached their 
mother’s rank. We aimed to clarify if maternal rank, number 
of older sisters, and group size influence the duration of this 
transition. We established criteria for rank similarity by 
assessing Elo-similarity in adult mothers and daughters. 50% of 
juveniles reached their mother’s rank by the age of 6.17 
(range: 1.37 – 8.61 years). It took juveniles longer to reach 
their mother’s rank if the mother was higher-ranking. Group 
size and number of older sisters did not predict latency to 
reach mother’s rank. These results suggest that the number of 
relationships a juvenile must overturn to reach her mother’s 
status influences the timeline of rank acquisition more than 
quantity or quality of familial support. In blue monkeys, 
familial support may be less influential to rank acquisition than 
it is in more dominance-oriented cercopithecines.   
 
Mady Eori and Ishrat Chowdhury, Boston University, 
Department of Anthropology 
and Erin Kane, Nancy Conklin-Brittain, Tri Wahyu Susanto, 
Cheryl Knott 
Boston University Department of Anthropology, Harvard 
University Department of Human Evolutionary Biology, 
Boston University Department of Biology, National University 
of Indonesia, Department of Biology 
Condensed tannins and nutritional quality of Bornean 
orangutan (Pongo pygmaeus wurmbii) foods in Gunung 
Palung National Park, West Kalimantan, Indonesia 
Orangutan habitats are characterized by fluctuations in the 
availability of ripe fruits. During non-fruiting periods 
orangutans typically incorporate more lower-quality foods 
such as pith and bark in their diet. Condensed tannins (CT) are 
secondary plant compounds that bind to proteins, thus 
impeding the digestibility of proteins, and tending to make 
foods bitter or unpalatable. We analyzed condensed tannin 
content in 129 plant samples collected from Gunung Palung 
National Park in Borneo, Indonesia between 1994 and 2001. 
We predicted that CT concentrations would be highest in bark, 
and that there would be a correlation between protein and 
condensed tannin content. We used ANOVA with Bonferonni’s 
method for post-hoc comparisons to test for differences in 
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tannin content between plant parts, and Pearson’s correlation 
to test for relationships between tannin concentrations and 
other nutrients. There were significant differences in 
condensed tannin content (F(¬4)=2.70, p=0.03) but no 
differences after adjusting the alpha-level for post-hoc 
comparisons. Whole fruit (including the skin) tended to have 
the highest CT concentration. However, we found no 
correlation between CT and concentration of nutrients 
including crude protein (R=0.12, p=0.19, N=127), free simple 
sugars (R=-0.09, p=0.40, N=100), or fiber (R=-0.38, p=0.67, 
N=128). This underscores that plants rich in desirable nutrients 
may also be rich in antifeedants, posing challenges for 
orangutan consumption and digestion even as they provide a 
source of high-quality energy. Additionally, for some food 
categories where high tannin content is predicted, such as 
bark, orangutans may be choosing to eat species that are lower 
in these compounds.  
 
Luke Fannin, Dartmouth College, Anthropology 
and Jake Arft-Guatelli, Debbie Guatelli-Steinberg, Noah T. 
Dunham, Pam Cunneyworth, W. Scott McGraw 
Pacific Ridge School, Ohio State University, Cleveland 
Metroparks Zoo, Colobus Conservation, Ohio State University 
Testing associations between diet and premolar size in four 
African colobines 
Folivorous primates are hypothesized to have relatively larger 
premolars than frugivores due to the mechanical and energetic 
challenges of leaf consumption. More specifically, it is 
reasoned that as folivory increases, so do the mechanical 
demands of mastication, resulting in more frequent premolar 
loading. Because interspecific variation in folivory and leaf 
material properties is extensive, a strictly linear association 
between folivory and premolar size is unlikely. Here, we 
investigate the relationship between relative premolar size 
and diet in four African colobines for which skeletons and 
feeding data are available from single source populations. The 
sample consists of three colobines from the Ivory Coast’s Taï 
Forest – Colobus polykomos, Piliocolobus badius and 
Procolobus verus – and one – Colobus angolensis – from 
Kenya’s Diani Forest. We assessed relative premolar size using 
four scalars: mandibular length, M1 area, palate area and body 
size. Premolar size did not consistently covary with folivory. P. 
verus (91% foliage) had the smallest relative premolar sizes, 
except relative to body mass. P. badius tended to have the 
largest premolars relative to palate area, despite modest 
folivory (50%). Similarly, while C. angolensis was the most 
folivorous species (71%), C. polykomos (48%) had the relatively 
largest premolars when scaled to M1 and mandibular length. 
The latter result is likely explicable because of C. polykomos’ 
reliance on woody Pentaclethra macrophylla pods. Our 
analysis provides little support for the notion that premolar 
size in African colobines is positively associated with folivory. 
Departures from expectations are more interpretable in terms 

of food mechanical properties and/or scaling factors.  
 
Holly Fuong, Columbia University; NYCEP, Ecology, Evolution, 
and Environmental Biology 
and Marina Cords 
Columbia University & NYCEP 
Blue monkeys do not respond to conspecific and 
heterospecific alarm calls according to caller relevance 
Prey animals living in social groups often emit alarm calls (AC) 
to alert groupmates to danger, but animals can also benefit 
from listening to the AC of heterospecifics, especially those 
with shared predators. Callers that share many predators are 
more relevant to listeners than those that share few predators; 
therefore, conspecific calls should be more relevant than those 
of heterospecifics. Blue monkeys (Cercopithecus mitis) 
respond to AC of both conspecifics and black-faced rufous 
warblers (Bathmocercus rufus), with whom they share 
predators, when played back individually. To evaluate whether 
blue monkeys identified and responded to conspecific and 
heterospecific callers based on their relevance, we conducted 
a playback experiment in which 17 adult females were 
simultaneously presented with one of four combinations of AC 
or social calls (SC) from both conspecifics and warblers, or 
ambient rainforest sound (control). We expected the strongest 
response to AC from both monkey and warbler and the 
weakest responses to SC from both monkey and warbler or 
ambient rainforest sound. We controlled for subjects’ 
activities immediately before playback. Subjects did not alter 
their latency to respond or change the proportion of time 
spent looking, feeding, or moving (relative to a matched 
baseline period) in response to any treatment. They did look 
around more frequently after hearing monkey AC and warbler 
SC or monkey SC and warbler AC relative to the rainforest 
control. Although our findings suggest that blue monkeys have 
only limited responses to caller relevance, they highlight the 
importance of examining multiple modes of antipredator 
vigilance. 
 
Gianna Grob, Boston University, Biology 
and Christian M. Gagnon, Hannes Svardal, Anna J. Jasinska, 
Nelson B. Freimer, J. Paul Grobler, Trudy R. Turner, 
Christopher A. Schmitt 
Department of Anthropology, Boston University; Department 
of Biology, University of Antwerp; Center for Neurobehavioral 
Genetics UCLA; Institute of Bioorganic Chemistry, Polish 
Academy of Sciences; Center for Neurobehavioral Genetics 
UCLA; Department of Genetics, University of the Free State, 
Bloemfontein; Department of Anthropology, University of 
Wisconsin, Milwaukee; Department of Biology, Boston 
University; Department of Anthropology, Boston University 
The evolutionary genomics of the PPARG gene in south 
african vervet monkeys (Chlorocebus pygerythrus) 
Genes that affect both obesity and thermoregulation are 
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important for understanding how evolutionary patterns 
associated with climate may also be implicated in polygenic 
obesity. PPAR-γ (PPARG), a peroxisome proliferator-activated 
receptor found in white and brown fat tissue, both regulates 
insulin sensitization and has a cofactor that helps to regulate 
heat and cold in the body. South African Vervet monkeys 
(Chlorocebus pygerythrus) are an established model for human 
obesity while also having an evolutionary history involving 
migration from tropical to much colder climates. We 
investigated genetic variation in PPARG to better understand 
how this obesity-related gene region may have responded to 
climatic selective forces. The populations included in the study 
came from four populations experiencing a wide range of 
climatic variability in South Africa (Free State, KwaZulu-Natal, 
and Eastern Cape). Discriminant analysis of principal 
components (DAPC) and FST indicated differentiation across 
populations. Using bioinformatic tools in R, we found 205 loci 
out of Hardy Weinberg equilibrium (HWE) and 47 with 
associated evidence for positive selective sweeps (iHS). Seven 
loci were both out of HWE and significant for iHS, including a 
synonymous variant in exon 3 (22:48352435, iHS = 1.642; 
Pro58Pro), several intronic variants with no known phenotypic 
effect, and one downstream variant. These results suggest that 
PPAR-γ has experienced regional selection in South Africa. 
Correlations between allele frequencies and climatic variables 
will be needed to establish whether evolutionary responses to 
climatic change in this gene region may be implicated in the 
development of traits related to complex obesity.   
 
Alexandra Haley and Erin Guntrum, Canisius College, Animal 
Behavior, Ecology, and Conservation and Biology 
and Sue Margulis 
Canisius College 
Characterization of cycling patterns in a maturing hoolock 
gibbon (Hoolock hoolock) 
Hoolock gibbons (Hoolock hoolock) are a little-studied species 
of lesser ape with no known hormonal studies performed. In 
an effort to characterize reproductive patterns in this species, 
we collected 345 fecal samples over a five year period from 
one female, ChanThar, housed at the Gibbon Conservation 
Center in Santa Clarita, California. The oldest (2012) and most 
recent (2017) sample subsets have been assayed for both 
Estrogen and Progesterone using Arbor Assay plates. In 2012, 
the average measured progesterone value was 19.57 ±1.71 
ng/g. This value increased dramatically and significantly by 
2017 to an average of 107.92 ±12.09 ng/g (Chi square test, 
P<0.001). For estrogen, the 2012 average value was 1.23 ±0.06 
ng/g, while the 2017 value was 2.78 ±0.27 ng/g. Additionally, 
we have found a cyclic hormonal pattern present in the most 
recent samples (2017) but not the oldest (2012). This is 
consistent with what would be expected in a maturing 
individual. Previous studies have analyzed hormonal patterns 
in the related white-cheeked gibbon (Nomascus leucogenys). 

We hypothesize that Hoolock gibbons will exhibit a maturation 
pattern characterized by onset of cycling and elevated levels 
of reproductive hormones similar to that seen in N. 
leucogenys. We are currently analyzing the remaining samples 
to both establish when sexual maturation may have occurred, 
and link sexual maturation with a change in coat color from 
black to blonde.  
 
Megan Henriquez, The Graduate Center, CUNY; NYCEP, 
Anthropology 

and Dawn Zimmerman, Carlos Sanchez, Suzan Murray, 
Larissa Swedell 
Anthropology, The Graduate Center, CUNY, New York 
Consortium in Evolutionary Primatology, Anthropology, 
Queens College, CUNY, Archaeology, University of Cape 
Town, Smithsonian National Zoological Park, Washington 
D.C., Oregon Zoo, Portland 
Improved estimates of home range and variable sleeping 
site use in hamadryas baboons (Papio hamadryas) 
Hamadryas baboons are characterized by a multi-level social 
system, which may cleave and coalesce over time in response 
to seasonality and other ecological factors.  Here we explore 
ranging patterns, sleeping site use, and separation of bands 
over time in a population of hamadryas baboons in Ethiopia. 
Between 2015 and 2018, 7 adult males from the same band 
were outfitted with satellite-linked GPS collars and tracked for 
periods between 8 and 12 months. We calculated approximate 
home ranges for the band during each study period using GPS 
fixes recorded by the satellite collars. We used fixes collected 
at night to determine sleeping site locations and band 
separation frequency. The MCP home range for our study 
group was 115.62 km2 from July 2015 to March 2016, 104.83 
km2 from October 2016 to October 2017, and 96.95 km2 from 
July 2018 to March 2019. Variation in monthly home range size 
did not show a significant seasonal pattern. Males from the 
same band slept at different sites 27% of all recorded nights in 
2015 – 2016, 20% in 2016 – 2017, and 29.7% in 2018 – 2019, 
with more separations occurring during the transition to the 
dry season in September. This study uncovers previously 
unknown home range and sleeping site use variation in 
hamadryas baboons, highlighting the adaptive benefits of their 
multi-level social system and emphasizing the need for 
additional research on hamadryas spatial ecology. 
 
Amanda Johnston, Columbia University, Ecology, Evolution, 
and Environmental Biology 
and Rebecca Chancellor, Aaron Rundus 
West Chester University 
Effects of positive reinforcement training on chimpanzee 
cortisol concentration 
Positive reinforcement training (PRT), a form of operant 
conditioning, is used by animal caretakers worldwide to 
facilitate medical and research procedures and to provide 
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enrichment. One of the largest benefits of PRT is reduced 
stress during standard procedures, such as toothbrushing or 
blood-draws, for both the animals and the caretakers. 
However, training can disrupt normal routines and natural 
behaviors, and these behavioral changes may in turn act as 
stressors. Analyzing cortisol levels can provide insight into 
whether training sessions have such an effect. We measured 
cortisol in the saliva of 11 zoo-housed chimpanzees (Pan 
troglodytes) to see if levels changed before vs. after each 
training session. Training occurred daily, and individual 
participation was voluntary. Keepers used cotton swabs to 
obtain samples (chimps were previously trained to open their 
mouths), <30 min before training started and <15 min after it 
ended. We measured cortisol concentration using enzyme 
linked immunosorbent assay (ELISA). We used mixed models 
to control for repeated observations of our subjects (N= 15-25 
per subject), including treatment, sex and rank as predictors. 
While treatment did not affect cortisol concentration, males 
had higher levels than females, and the lowest ranking 
subjects had higher levels than other rank classes.  We propose 
that the chimpanzees had habituated to daily training 
procedures, which they had experienced for several years 
before the study. 
 
Caroline Jones, University of Georgia,Psychology 
and Dorothy Fragaszy, University of Georgia 
Socioecology of zoologically-housed western lowland 
gorillas (Gorilla gorilla gorilla): measuring social spacing and 
the introduction of an artificial termite mound 
To support conservation of wild gorillas and management of 
captive individuals, it is important to have knowledge about 
their social dynamics, especially in response to food resources 
– a main driver for inter- and intra-group dispersal throughout 
their landscape. Western lowland gorillas in particular may 
face greater food-related, socially competitive challenges than 
other gorilla subspecies because of their greater degree of 
frugivory. Prior studies attempting to measure intra-group 
dispersal in wild western lowland gorillas have faced 
challenges: dense landscapes often prevent individual 
identification and kinship, and observers have no control over 
food availability. Zoological studies allow for individual 
identification and for control of food resources. This study 
measures the effects of providing a clumped, high-value, 
usurpable food resource in the form of an artificial “termite 
mound” (filled with applesauce) on the social structure of the 
western lowland gorilla family group housed at Zoo Atlanta 
(Atlanta, GA, USA). We predict that pre-installation (baseline) 
data will provide evidence of a clear female dominance 
hierarchy with increased dominance effects after the 
installation of the mound, measured via decreased social 
spacing facilitating increased antagonistic interactions and 
displacements. We also predict a denser group spacing pattern 
(closer individuals) overall from pre- to post-installation based 

on prior research on inter-individual spacing in response to 
clumped resources.  
 
Bryanna Malbouf, Boston University, Anthropology 
and Erin E. Kane, Lara S. Durgavich, Cheryl D. Knott 
Boston University 
Noninvasively monitoring orangutan health status: 
determining urine concentrations 
Biomarkers including reproductive hormones and indicators of 
energy balance can be used to analyze health status in wild 
animals. Non-invasive measures, analyzed through urine or 
feces, enable biomarker monitoring without interfering with 
organisms, important for critically endangered species like 
orangutans. A measure of urine concentration such as 
creatinine concentrations or specific gravity is necessary when 
analyzing urine samples. Here, we measure specific gravity in 
urine samples from three captive female orangutans using a 
digital hand-held urine specific gravity refractometer. We 
compare specific gravity to previously measured creatinine 
values for two orangutans, and assess the influence of time of 
collection and refractometer temperature on specific gravity 
for all three. We found a significant positive correlation 
between specific gravity and creatinine concentrations 
(N=1021, Pearson’s R=0.578, p<0.001). While we found no 
significant correlation between the time that samples were 
collected and specific gravity readings (N= 314, Pearson’s R = 
0.079, p=0.17), readings from samples collected in the 
morning were slightly but significantly lower (N=255, 
mean=1.008) than samples collected in the afternoon (N=60, 
mean=1.009) (independent samples t-test, t312=-1.969, 
p=0.05). We found a significant negative correlation between 
specific gravity and the refractometer temperature (Pearson’s 
R=-0.23, p<0.001). In future studies, specific gravity can be 
used to determine urine concentration rather than creatinine, 
which is more costly and requires more time for lab work. Our 
future research will examine the correlation between specific 
gravity and creatinine concentrations as orangutans age, and 
the effects of aging on muscle wasting and reproductive status.  
 
Megan Miller and Caeley Robinson, Canisius College, Animal 
Behavior, Ecology, and Conservation 
and Sue Margulis 
Canisius College, Department of Animal Behavior, Ecology, 
and Conservation 
Behavior through time: activity differences of young zoo-
housed gorillas as they age 
Behavioral competence of zoo-housed animals is an important 
indication of the well-being of the individual, and is also useful 
in aiding institutions in providing appropriate care. A standard 
measurement of well-being through observational research is 
the use of activity budgets to monitor behavior patterns of 
focal individuals. Our study uses activity budget analyses to 
demonstrate behavioral trends of three adolescent Western 
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lowland gorillas in a zoo-based setting over an eight year 
period. We anticipated that age-dependent behaviors would 
show similar trends amongst all three individuals over time. 
We also analyzed behaviors defined as environmentally or 
maternally dependent, expecting that each individual would 
exhibit unique patterns of these behaviors, not related to 
chronological age. Kruskal-Wallis tests showed significant 
differences in self care (p< .001), social play (p< .001), object 
manipulation (p<.04) and inactivity (p<.001) amongst all three 
individuals.  Post-hoc analyses indicated that over time the 
environmentally and maternally influenced behaviors showed 
substantial inter-individual differences. For example, the 
youngest individual showed significantly more social play at a 
given age, presumably as a result of the greater number of play 
partners available. Changes assumed to be age-related 
showed some inter-individual variability, with the youngest 
individual (the only male) differing significantly from the two 
female offspring when compared at the same age. Our sample 
size is small, and observed patterns may be a result of 
differences in sex and/or maternal parity. These data may aid 
in examining key developmental milestones that have been 
observed in both zoo-housed and wild gorilla populations. 
 
Catherine Miller, Dartmouth College, Ecology, Evolution, 
Ecosystems, and Society 
and Fabian, K., Hill, A.C., McNutt, E., Musiba, C., DeSilva, J. 
Dartmouth College, Tanzania International 
Paleoanthropological Exploration and Research (TIPER), 
University of Southern California, University of Colorado 
Denver  
Rediscovery of the A footprint trackway in Laetoli, Tanzania 
The paleoanthropological site of Laetoli, Tanzania houses the 
earliest indisputable evidence of bipedal locomotion with the 
preservation of 3.66 Ma hominin footprints. Although the 
Laetoli site is most famous for the 1978 discovery by Leakey et 
al. of a set of bipedal footprints known as the G trackway, an 
additional set of five prints were discovered two years earlier, 
known as the A trackway. In the years following their 
discovery, the identity of the A print makers was unclear, with 
some suggesting they may have been the result of an upright 
walking bear. This hypothesis went largely untested as most 
scientific research was focused on the more numerous and 
definitive G trackway and the 2016 announcement of another 
trackway from site S. However, recent research has revisited 
the mysterious A prints. Studies of the topography and gait of 
both the A trackway and modern black bears found significant 
differences, casting doubts that the A footprints were made by 
an ursid. Given this uncertainty, we explored the Laetoli area 
in the summer of 2019 in an attempt to rediscover the A 
trackway and gather additional data to assess their 
morphology. We successfully rediscovered the A prints and 
collected an adequate amount of data to create 3-dimensional 
images, photogrammetric images, and depth maps of each of 

the five prints. The aim of this project is to present new data 
on a previously discovered set of Pliocene bipedal footprints to 
ultimately reassess morphology and assign taxonomic identity. 
 
Dominique Raboin, Rutgers University, Evolutionary 
Anthropology 
and Andrea Baden, Jessica Rothman 
Hunter College CUNY 
Who cares? Identity and motivation of helpers during 
allomaternal care in Colobus guereza 
Allomaternal care, or AMC, is the care of offspring by 
conspecifics. AMC gives primate mothers the opportunity to 
feed and rest while their infants are monitored by other 
individuals. This requires group members to invest time and 
energetic resources into the care of another group member’s 
infant. Although the cost of helping behaviors vary, any AMC 
behavior is also lost time for helpers to feed, rest, and invest 
in their own reproduction. It is counterintuitive for helpers to 
invest energy into caring for an infant they may not be related 
to, yet this behavior persists throughout the animal kingdom. 
Who is caring for conspecifics’ infants and why do they help? 
We present evidence for the “Need to Learn” hypothesis to 
explain helper behavior during AMC in a forest-living colobine 
monkey. Research was conducted in Kibale National Park, 
Uganda, where seven mother-infant dyads in three groups of 
Colobus guereza were observed during six consecutive 
months. Non-adults handled infants more often than adults 
(Mann-Whitney U, p<0.01), and females handled infants more 
often than males (Mann-Whitney U, p<0.01). The infant’s 
distance to mother and the infant’s nearest neighbor’s age and 
sex best predicted the occurrence of AMC (GLMM, p<0.001). 
Juvenile females were the nearest neighbor to infants 
significantly more often than were adult females (conditional 
average estimate=3.46, |z|<0.001). This pattern fits the “Need 
to Learn” hypothesis in that non-adult females care for 
conspecifics’ infants to gain valuable parental experience. This 
trend is also observed in species closely related to C. guereza.  
 
Durr-E-Ajam, Riaz, Stony Brook University, Anthropology 
and Carola Borries, Julia Nikolei, Thomas Ziegler, Andreas 
Koenig 
Department of Anthropology, Stony Brook University, 
Institute of Biology, Free University Berlin, German Primate 
Center, Goettingen 
Female agonism in Nepal gray langurs: food or mate 
competition? 
For most nonhuman primate females, food is a limiting 
resource mediating reproduction. This is especially true if food 
distribution is patchy and food availability varies seasonally. 
According to theory, the most contested foods should be of 
critical importance (i.e., high caloric value, essential nutrients) 
and can be monopolized. Recently, it has been emphasized 
that primate females may also compete over access to mates, 
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but conclusive evidence is rare. Here we examined the 
contexts of agonistic behavior in female Nepal gray langurs 
(Semnopithecus schistaceus) at Ramnagar, a population 
experiencing severe seasonal food shortages resulting in 
seasonal breeding. We analyzed dyadic, agonistic interactions 
collected via focal animal sampling for 10 adult females, from 
one multimale-multifemale group (May 1996-June 1997; 
approximately 1,400 observation hours). Expected values 
were based on time budget data from the previous year for the 
same group. We found that the majority of agonism was over 
food (> 60%) and mineral consumption (> 10%). The most 
contested food was leaves. Harassment of mating occurred 
but never during focal observation and at a significantly lower 
frequency than expected. Rates of agonism varied seasonally 
with the highest frequency during months of low caloric intake 
and of frequent mineral intake. The results indicate that langur 
females primarily compete over food, particularly leaves, and 
minerals, the former contrasting with the traditional view of 
low contestability and low quality of leaves. In contrast to 
recent findings in some other primates, Nepal gray langur 
females seem to rarely compete over mates. 
 
Jessica Rosien, Dartmouth College, Biology/Anthropology 
and Nathaniel J. Dominy, Suchinda Malaivijitnond, Amanda 
W. Y. Tan 
Dartmouth College, Chulalongkorn University, National 
Primate Research Center of Thailand, Durham University 
Experimental evidence for tradeoffs in sand averse 
behaviors in a population of coastal macaques 
In 1954, a single monkey in Japan was documented 
spontaneously food-washing. The behavior spread across the 
population during the ensuing four years, and the 
phenomenon is a celebrated example of “culture” in non-
human animals. This study motivated decades of research on 
how food-washing behaviors spread in a social context while 
neglecting attention to why it spread. We conducted research 
on Koram Island, Khao Sam Roi Yot, Thailand, where a fraction 
of the population of long-tailed macaques washes tourist-
provisioned fruits. We tested the hypothesis that the function 
of food-washing is to remove tooth-damaging grit. To achieve 
these goals, we collected experimental data through 
observation of the behavioral response to different quantities 
of grit on food, and quantitative data which were measured 
using plastic peels that removed the surface grit on the food 
item. With this data, we tested whether grit avoidance 
behaviors (brushing/rubbing, washing, peeling, and rejection) 
varied as a function of grittiness on a representative patch on 
the food surface, defined as low (0.17 mg mm-2), medium 
(0.86 mg mm-2), and high (1.83 mg mm-2). We found 
substantial variation in behavioral responses; animals were 
significantly more likely to manipulate, wash, or reject foods 
when grit levels were high (X2 = 664.5; P < 0.0001), indicating 
a strong behavioral aversion to grit. This finding agrees well 

with the premise that grit is costly to fitness and best avoided. 
 
Ryan Rothman, Stony Brook University, IDPAS 
and Jeroen Smaers, Department of Anthropology, Stony 
Brook University 
The evolution of primate brain size follows the pattern of an 
adaptive radiation 
It has long been established that brain size scales allometrically 
with body size across the animal kingdom. Most research has 
hereby assumed that this allometric relationship is monotonic 
across all clades. Recent research has, however, demonstrated 
the existence of paraphyletic shifts in the brain to body scaling 
relationship among mammalian orders. The precise 
phylogenetic occurrence of such scaling differences, and their 
putative occurrence within orders, has not yet been 
established. Such information is necessary to establish 
whether the mammals, and subsequently taxa within the 
primate order can be regarded as an adaptive radiation in 
terms of brain size evolution. To establish shifts in scaling and 
evaluate whether primates show the hallmarks of an adaptive 
radiation (high rates of evolution early-on, followed by 
stabilization along different trajectories) in relative brain size, 
we evaluate brain and body size data of 1374 extant and fossil 
mammalian taxa using bivariate Bayesian Ornstein-Uhlenbeck 
models. Preliminary results indicate 6 independent shifts in 
scaling coefficient (including ancestral primates, lemurs, 
lorises, cercopithecines, colobines, and hominins), hereby 
demonstrating that the slope of the brain to body scaling 
relationship demonstrates considerable variation within the 
primates. Rate analyses on residual allometric variation 
(testing the strength of brain to body integration) reveal 
significant differences between the extant taxa and both the 
early-radiating fossil and hominin taxa. By uniting the brain 
size data from a large dataset of both living and fossil species, 
it can be revealed how the evolutionary diversification of 
relative brain size in mammals shows the hallmarks of adaptive 
radiation.  
 
John Rowan, University of Massachusetts, Organismic and 
Evolutionary Biology 
and Kaye E. Reed, Lydia Beaudrot, Irene E. Smail, Jason M. 
Kamilar 
Arizona State University (Institute of Human Origins), Rice 
University (Department of Biosciences), University of 
Massachusetts Amherst (Department of Anthropology) 
A 27-Myr record of large mammal community turnover 
during ape and human evolution in eastern Africa 
The evolution of hominoids and hominins in eastern Africa 
occurred in the context of major physical environmental 
changes, including abrupt volcanism and hydrological shifts 
associated with tectonic uplift and rifting, as well as a long-
term trend towards global cooling and aridification. Though 
high-resolution geochemical proxy datasets have recently 
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clarified the timing of these key external events, we still know 
little of how shifts in ancient African climates and 
environments translated to changes in the structure and 
functioning of the faunal communities within which apes and 
humans evolved. Here we present analyses of a newly 
compiled 27-Myr dataset of fossil large mammal communities 
from 125 radiometrically-dated paleontological sites in 
Ethiopia, Kenya, Tanzania, and Uganda. We tracked ecological 
turnover in mammal community structure through time by 
constructing multivariate functional trait spaces with three 
traits (body size, diet, and locomotion) and measuring the 
magnitude of change (centroid distance). We find that the 
Mid- to late Miocene transition ~ 12-10 Ma was the most 
significant period of ecological turnover over the last 27 Myr, 
being > 2.5 higher than the average rates of background 
turnover. This turnover was largely driven by the replacement 
of small-bodied and semi-arboreal frugivores and browsers by 
large-bodied mixed-feeding ungulates at a time coincident 
with high-latitude cooling, intensified pole-Equator 
temperature gradients, and the initial shift towards C4-
dominated ecosystems in eastern Africa. Our findings strongly 
imply a key role for bottom-up forcing in driving fundamental 
ecological restructuring of mammal communities just prior to 
the origin of Hominini in the late Miocene. 
 
Srishti Sadhir, University of Connecticut; National Museum of 
Natural History, Smithsonian Institution, Department of 
Anthropology, Department of Ecology and Evolutionary 
Biology; Department of Biological Anthropology 
and Andrea R. Eller, Stephanie L. Canington, Sabrina B. Sholts 
Department of Biological Anthropology, National Museum of 
Natural History, Smithsonian Institution; Department of 
Anthropology, University of Connecticut; Department of 
Ecology and Evolutionary Biology, University of Connecticut; 
Center for Functional Anatomy and Evolution, Johns Hopkins 
University School of Medicine 
Skin pigmentation variability in baboons: implications for 
vitamin D deficiency 
Zoo primates found in historical museum collections show 
higher rates of cranial and dental pathologies than their wild 
counterparts, including metabolic bone diseases (MBD) 
attributed to vitamin D deficiency. Recent evidence in baboons 
(genus Papio) has also shown that exposed skin pigmentation 
influences UV absorption and consequent vitamin D3 
production, with the lowest levels found in darker baboon 
subspecies. In this study, we investigated the relationship 
between observed MBD pathology, captivity status, and 
exposed skin pigmentation in baboon crania at the 
Smithsonian Institution’s National Museum of Natural History 
(NMNH). We hypothesized that the frequency of MBD would 
differ significantly between individuals of different skin color, 
with darker subspecies exhibiting higher frequencies. All 
baboon specimens (N=176) were surveyed using the 

EMPHASIS protocol. Presence or absence of MBD pathology 
(maxillary thickening and inflammation) was recorded for each 
specimen. Baboons subspecies were categorized into “dark”, 
“medium”, and “light” skin color categories. Of all surveyed 
specimens, 10.2% showed maxillary thickening and 
inflammation, while 19.3% of captive specimens exhibited the 
same pathology. A higher frequency of pathological individuals 
originated from captive environments (⍺=0.05; p=0.00). MBD 
pathology was lower in the dark and medium subspecies 
(17.0% and 20.9%, respectively) than the light subspecies 
(27.3%). There was no correlation between MBD and skin 
color, nor a higher frequency of MBD in dark-skinned 
specimens (⍺=0.05; p=0.72). Future studies of the 
relationships between captivity, skin color, and vitamin D 
deficiency will include expanding the sample to other museum 
collections. 
 
Maura Tyrrell, University at Buffalo, SUNY, Evolution, Ecology 
and Behavior Graduate Program 
and Carol Berman, Muhammad Agil, Try Sutrisno, Antje 
Engelhardt 
Graduate Program in Evolution, Ecology and Behavior, 
University at Buffalo; Department of Anthropology, University 
at Buffalo; Faculty of Veterinary Medicine, Bogor Agricultural 
University; School of Natural Sciences and Psychology, 
Liverpool John Moores University 
Avoidant social relationships among wild male crested 
macaques (Macaca nigra) in Tangkoko Reserve, Sulawesi, 
Indonesia 
Studies of social style in macaques have focused primarily on 
females, as females form the permanent core of macaque 
groups. Detailed studies of core social style traits in males have 
been done for relatively few species; hence it is as yet unclear 
how well male relationships can be described by the social 
style concept. Although female crested macaques have been 
classified as extremely tolerant, less is understood about the 
social style of crested macaque male. How does it compare to 
those of other macaque males? We examined core social style 
traits (counteraggression, aggression intensity, conciliatory 
tendency) in wild crested macaque males at Tangkoko Nature 
Reserve, Sulawesi, Indonesia, and compared them to 
published data on other macaque males. Data were collected 
by focal animal sampling on 29 adult males for a total of 2598 
hours between March 2016 and February 2017. Relative to 
other males, crested macaque males had extremely low 
percentages of biting (0.13% of total aggression) and other 
types of contact aggression (2.7% of total aggression), typical 
of tolerant species, but they also had extremely low levels of 
counteraggression (2.9% of aggression) and conciliatory 
tendencies involving contact affiliation (6.9%), typical of 
despotic species. Rather than a distinctly “tolerant”, 
“despotic”, or “intermediate” label, the term “avoidant 
despots” may better describe crested males. We hypothesize 
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that the mix of extreme social style traits and apparent 
avoidance of both aggressive and affiliative contact may 
represent more nuanced relationship qualities that emerge 
when males attempt to avoid high risks of competition. 
 
Ciela Vega, Boston University, Anthropology 
and Stephanie A. Poindexter, Erin E. Kane, and Eva C. Garrett 
Boston University 
Eulemur nasal cavity variation across latitude and forest 
type 
The genus Eulemur is prolific throughout Madagascar and 
shows variation across distinct habitat types. However, 
adaptations for habitat variation at the species and subspecies 
level are mostly studied in relation to behavior or diet. We 
acknowledge that the sense of smell has an influence on diet 
and it is also established that nasal morphology can differ 
based on climate and geographic locales. As a result, we 
hypothesize that Eulemur species living in different forest 
types and latitudes across Madagascar will display differences 
in their nasal cavity morphology. We used data from 
Morphosource of five Eulemur collaris known to live in sub-
humid forests and eight E. albifrons known to live in lowland 
forests. To analyze shape variation, we placed 19 landmarks on 
six 2D coronal slices of the nasal cavity using ImageJ. In 
Morphologika we performed a Procrustes analysis then a 
Principle Components Analysis to determine if at various 
points throughout the nasal cavity we could see distinct 
clustering between the two species. Of the six slices we 
analyzed, E. collaris and E. albifrons displayed more distinct 
clustering in the more internal slices relative to the furthest 
rostral and caudal slices. This morphological variation could 
have implications for how these primates utilize their sense of 
smell in varying environments. Through further analysis and 
the inclusion of more Eulemur species we will be able to 
discern if the variation we see here can be related to their 
ecology. 
 
Darice Westphal, GC CUNY, NYCEP, Anthropology 
and Brandon Wong, April Wu 
Bard High School, Forest Hills High School, SRMP 
Comparison of deforestation rates in protected and 
unprotected forests in Madagascar 
Deforestation in Madagascar is a clear and growing problem, 
which has adverse effects on animal life. Deforestation is 
accelerating in many parts of Madagascar in recent years, and 
as a result, nature reserves and parks were created in an effort 
to preserve forests. However, little research has been done on 
the effectiveness of these established reserves, and whether 
they truly preserve forest habitats and by extension the 
animals that live there. This study examined deforestation in 
protected and unprotected regions through remote sensing, 
by comparing deforestation rates over a 16-year period from 
2000 to 2016. Designated protected regions were paired with 

unprotected regions of similar size, shape, and forest 
coverage. As deforestation practices vary by region and forest 
type, our comparisons only looked at deforestation rates 
within forest types (humid, dry, spiny). Protected regions 
experienced less deforestation overall when compared to their 
unprotected counterparts, but there was some variability in 
this trend between different climatic ecoregions. Nature 
preserves and parks in humid forests provided the most 
protection, whereas deforestation rates in protected and 
unprotected areas did not differ in spiny and dry regions. This 
variability could be due to the many causes of deforestation, 
such as slash-and-burn agriculture and commercial logging. 
Understanding this variation could assist conservationists in 
more effectively protecting Madagascar’s forests.  
 
Jack Winans, Stony Brook University, IDPAS 
and Catherine Markham 
Stony Brook University Department of Anthropology 
Predictors of spatial proximity in wild female savanna 
baboons: the effect of habitat openness 
Habitat type is thought to impact spatial cohesion in group-
living species, as dense vegetation may lower predator 
detection abilities and inhibit movement coordination. 
Research on baboon socio-spatial responses to habitat 
features has yielded mixed results. Chacma baboons in 
Namibia were found to be more scattered in woodland 
habitats, while an olive baboon group in Kenya exhibited less 
spread in denser vegetation. We sought to explore the 
relationship between habitat openness and socio-spatial 
proximity in a population of savanna baboons observed by the 
Amboseli Baboon Research Project living along the Kenya-
Tanzania border. We predicted that decreased percent habitat 
openness would increase the likelihood that foraging females 
would be within 5 meters of at least one other adult and would 
increase the likelihood that her nearest adult neighbor was 
close kin. We analyzed focal follow data on 112 adult females 
in 5 groups tracked with GPS collars for approximately 30 
months. Using generalized estimating equations to control for 
effects of rank, age, reproductive state, group size, and season, 
we found that decreased habitat openness did not increase 
the likelihood that a female was in close proximity to at least 
one other adult or the likelihood that her nearest neighbor was 
close kin. Rather, these data suggest that reproductive state, 
rank, and group size have stronger impacts on immediate 
socio-spatial proximity dynamics than does habitat openness. 
 
Melissa Zarate, Boston University, Biology 
and Fanny M Cornejo, Sam Shanee, Christopher A Schmitt 
Impact of habitat fragmentation on genetic diversity of the 
critically endangered yellow-tailed woolly monkey 
(Lagothrix flavicauda) in Peru 
Genetic diversity is a fundamental aspect of the survival of 
threatened species, and is negatively impacted by habitat 
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fragmentation and the subsequent restriction of gene flow. 
The aim of this currently ongoing study is to conduct the first 
population genetic assessment within and among 
subpopulations of the Critically Endangered yellow-tailed 
woolly monkey (Lagothrix flavicauda) inhabiting areas of 
variable magnitudes of human-induced habitat fragmentation 
in Peru. Microsatellite genotyping from non-invasively 
collected fecal samples will be used to measure heterozygosity 
and relatedness, as well as to assess genetic differentiation 
between and within subpopulations. Three of our study 
populations from which we have collected are in the well-
established L. flavicauda range of the Marañon-Huallaga 
landscape of northeastern Peru. Samples were also collected 
from a newly discovered subpopulation of L. flavicauda, 
recently observed over 200 km south of the previously 
recorded geographic range of this species in the region of 
Junín. We predict high genetic differentiation between all 
populations due to habitat fragmentation, with the highest 
between the newly discovered Junín and established northern 
populations, and significant inbreeding and high relatedness 
within subpopulations living in highly fragmented areas. We 
are working with local community conservation programs and 
conservation NGOs to distribute our findings to local 
stakeholders, contributing to the identification of target areas 
for local conservation efforts and enhancement of habitat 
connectivity for this Critically Endangered species. 


