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Abstract
Objectives: Natural history collections are often thought to represent environments 
in a pristine natural state— free from human intervention— the so- called “wild.” In this 
study, we aim to assess the level of human influence represented by natural history 
collections of wild- collected primates over 120 years at the Smithsonian Institution's 
National Museum of Natural History (NMNH).
Materials and Methods: Our sample consisted of 875 catarrhine primate specimens 
in NMNH collections, representing 13 genera collected in 39 countries from 1882 
to 2004. Using archival and accession information we determined the approximate 
locations from which specimens were collected. We then plotted location coordi-
nates onto publicly available anthrome maps created by Ellis et al. (Global Ecology and 
Biogeography, 2010, 19, 589), which delineate terrestrial biomes of human population 
density and land use worldwide since the 1700s.
Results: We found that among primates collected from their native ranges, 92% were 
from an environment that had some level of human impact, suggesting that the ma-
jority of presumed wild- collected primate specimens lived in an environment influ-
enced by humans during their lifetimes.
Discussion: The degree to which human- modified environments may have impacted 
the lives of primates currently held in museum collections has been historically ig-
nored, implicating unforeseen consequences for collection- based research. While 
unique effects related to commensalism with humans remain understudied, effects 
currently attributed to natural phenomena may, in fact, be related to anthropogenic 
pressures on unmanaged populations of primates.
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1  | INTRODUC TION

The field of natural history has historically focused on the study 
and description of the Earth and its organisms, including their be-
haviors, ecological relationships, and evolution (Fleischner, 2005; 
Greene, 2005). The discipline of natural history grew substantially 
during periods of European imperialism in the 18th and 19th cen-
turies, wherein Western naturalists traveled across colonized re-
gions to describe and collect specimens in their natural settings 
(Greene, 2005). These early collectors specifically sought out geo-
graphic and ecological spaces devoid of human settlement and 
human impact (Denevan, 2011)— otherwise known as “the wild.” As 
such, historical zoological collections housed in natural history mu-
seums are generally thought to represent truly “wild” specimens.

However, many natural history specimens collected over the last 
century are animals who died in captive environments. These spaces, 
where humans and their built environments dominate, represent the 
ecological opposite of the wild and include zoos, sanctuaries, cir-
cuses, and biomedical facilities. For example, at the Smithsonian's 
National Museum of Natural History (NMNH), accessions of captive, 
nonhuman primate (NHP) specimens have grown since the 1960s 
(Figure 1). Furthermore, these captive specimens represent the ma-
jority of accessions in recent decades. While a large proportion of 
them were acquired from the Smithsonian's National Zoological Park 
(NZP), their provenance is often recorded as “locality unknown.” In 
these cases, the actual place of origin for the individual is recorded, 
but zoos and other captive environments are not considered the 
species’ place of origin and are therefore notated accordingly.

This clerical decision relates to a broader issue of how natural 
history specimens are differently treated and valued based on as-
sumptions of human involvement. Researchers interested in evolu-
tion often avoid captive specimens based on the notion that human 
management interferes with natural processes (Delson et al., 2000; 
Fuentes, 2012). Evolutionary morphologists tend to exclude captive 
animals from their research because of potential anatomical distor-
tions related to human control, particularly related to growth and 
development (Sigg et al., 1982). For example, the earliest observa-
tions of morphological differences between the skulls of wild lions 
(Panthera leo) and those obtained from the NZP (captive, though 
wild- born) found the NZP skulls to be shorter, broader, and more 
massive than those of their wild conspecifics. Though Hollister (1917) 
attributed this to differences in prey capture and feeding behaviors, 
a follow- up study using the same specimens emphasized the likely 
role pathology (e.g., osteitis deformans or Paget's disease) may have 
played in the appearance of the captive individuals (Howell, 1925). 
Similarly, O'Regan (2001) identified a significantly larger zygomatic 
breadth in a sample of captive lion and leopard (P. pardus) skulls com-
pared with their wild conspecifics. In a morphometric study of cap-
tive and wild lion skulls, Zuccarelli (2004) demonstrated that most of 
the significant size and shape differences were in regions wherein 
the external stresses of mastication differentiated the populations, 
including palate length and width, mandibular length, and jaw height. 
Morphological differences in skulls were, again, reported for captive 

and wild lions and tigers (P. tigris), which were primarily attributed 
to drastically different diets (Hartstone- Rose et al., 2014). Though 
neither O'Regan (2001) nor Zuccarelli (2004) indicated whether 
their captive specimens were wild or zoo- born, Hartstone- Rose 
et al. (2014) excluded any wild- born specimens from their captive 
sample.

The wild versus captive dichotomy is becoming increasingly 
scrutinized across fields, with a growing interest in urban ecol-
ogy and human– nonhuman species interfaces (Fuentes, 2012; 
Rivkin et al., 2019). Researchers have shown varied ways in which 
Indigenous and local communities have influenced the ecosystems 
in which they live, disproving the racist view by early European 
naturalists that non- Europeans in colonized regions lived “within 
nature” without modifying it (e.g., the primitive and noble savage 
tropes) (Abrams & Nowacki, 2008; Denevan, 2011; Ellis et al., 2021; 
Piperno et al., 2021). Indeed, there is mounting evidence that hu-
mans across the globe have always shaped the surrounding non-
human world and modified environments for millennia (Castree & 
Nash, 2006; Denevan, 2011; Ellis et al., 2021; Hofman & Rick, 2018; 
Ingold, 2004; Piperno et al., 2021; Stephens et al., 2019). This histor-
ical reality contradicts early naturalists’ underlying assumption that 
an organism's natural habitat was devoid of human impact, which is 
often considered a disturbance with negative influence on the en-
vironment. Rather, as part of many organisms’ natural ecosystems, 
humans both positively and negatively influence the behaviors and 
evolution of other species in a multitude of ways (Amano et al., 2021; 
Fuentes and Baynes- Rock, 2017). Thus, a study of natural history 
should reflect the ways by which an organism's life adjusts to rela-
tionships with all other species in its ecosystem, including humans 
(Denevan, 2011). This suggests that the dichotomous categorization 
of natural history specimens as “wild” or “captive” ignores what is 
more accurately a spectrum of human influence, both historically 
and recently.

In primatology, NHPs within human- modified environments and 
human interfaces have long been excluded from serious study in 
favor of those in naturalistic (“wild”) locations with less perceived 
human impact (Fuentes, 2012). However, with the emergence of the 
field of ethnoprimatology, there has been increasing recognition that 
human- modified environments are ubiquitous and provide valuable 
knowledge about NHP behavior and evolution (Dore et al., 2017; 
Fuentes, 2012). Long histories of cohabitation, hunting pressures, 
and, in many cases, cultural significance suggest that NHPs have 
been adjusting to human influence for millennia (Amano et al., 2021); 
researchers incorporating this knowledge are now beginning to un-
derstand NHP responses to increasingly altered landscapes along a 
gradient (Hockings & McLennan, 2016), rather than a wild- captive 
dichotomy as is commonly presented in museum records. Even 
more, the modern reality of anthropogenic climate change is that 
there are no environments that are untouched by human activi-
ties: They are all impacted by anthropogenic pressures to some de-
gree, even those most distant from human reach (Allen et al., 2019; 
Jamieson et al., 2017). Thus, the designation of “wild” does not guar-
antee that an animal was born and lived free from the evolutionary 
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pressures of chemicals, microbes, noises, lighting, and food that are 
associated with humans and built environments (Rivkin et al., 2019). 
Nonetheless, it is challenging to predict the biological impacts of 
different degrees of anthropogenic disturbance, especially through 
observational and field study (Loudon et al., 2014).

Large- scale attempts are rarely made to understand the range 
of human- modified environments represented by primate speci-
mens in museum collections (however, see Amano et al., 2021). This 
may be due to the challenges of determining the precise provenance 
of many specimens, as well as the absence of a nondichotomous 

framework to assess the settings and conditions in which animals 
lived and died. These efforts are increasingly important, as studying 
anthropogenic influences on evolutionary processes is essential to 
understanding a rapidly changing natural world— and museum spec-
imens are uniquely informative in this respect. NHP museum collec-
tions often span multiple centuries across many geographic regions 
and provide investigative insight into their anatomy and skeletal 
morphology that are inaccessible in living individuals. Knowledge of 
how NHPs respond to human- induced habitat changes is not only of 
theoretical importance for examining the evolutionary flexibility of 

F I G U R E  1   Wild and captive NMNH primate specimens by decade (1870– 2010). Number (top) and percentage (bottom) of NMNH 
accessions of wild- collected and captive specimens of nonhuman primates (n = 1632) by decade. More recent acquisitions show that “wild” 
specimens occupy a relatively smaller proportion of the total new accessions (bottom), while the overall number of new accessions reduces 
sharply (top)
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primates, but it is also fundamental for informing effective conserva-
tion management (Hockings & McLennan, 2016; Ontl, 2017).

To address these problems, we utilized anthrome maps cre-
ated by Ellis et al. (2010) to identify and characterize the human- 
influenced environments from which NHP museum specimens were 
collected. Anthromes, or anthropogenically modified biomes, are 
used in ecological research to describe the extent to which an eco-
system has been influenced or altered by anthropogenic changes to 
the land and environment (Ellis & Ramankutty, 2008). The mapped 
regions depict 19 anthrome types, based on human population and 
land- use data. To investigate the applicability of these maps for mu-
seum collections research, we used them to plot the locations of or-
igin for a large sample of NHP specimens collected by NMNH since 
the 19th century. The challenges and successes of this approach are 
discussed in a broader context of its utility for diverse collections 
and research questions in evolution and ecology.

2  | MATERIAL S AND METHODS

2.1 | Sample

The study sample consisted of 875 specimens of nonhuman catar-
rhine primates (Table 1). These specimens are part of collections held 
by the Mammals Division of the Department of Vertebrate Zoology 
at NMNH, representing animals collected in 39 countries over more 
than 120 years (from 1882 to 2004). All study specimens were re-
corded as having been “wild- collected” in NMNH accession records.

To determine the level of environmental anthropogenic impact 
among catarrhine primates, we included extant great apes, lesser 
apes, and cercopithecine monkeys in the sample; colobine primates, 
leaf- eating monkeys, were not included due to COVID- 19 restric-
tions on access to NMNH collections since March 2020. Catarrhines 
are frugivorous/omnivorous, medium– large- sized primates living 
in social groups, typically within arboreal or semiarboreal habitats 
(Rowe & Myers, 2016). Both cercopithecines and apes are ideal for 
examining anthropogenic influences because they exhibit an array 
of modern ecological success; some species are actively threatened 
with extinction due to human activities (e.g., all species of Pongo, 
Pan, and some species of Cercopithecus), while others are of least 
conservational concern (e.g., Chlorocebus and most species of 
Macaca; IUCN, 2019).

The sample contained 13 genera and 44 species, including 344 
ape individuals (Bunopithecus, Gorilla, Hylobates, Nomascus, Pan, 
Pongo, and Symphalangus) and 531 cercopithecine monkey individu-
als (Allenopithecus, Cercopithecus, Chlorocebus, Erythrocebus, Macaca, 
and Papio). Using permanent molar eruption to assess the develop-
mental age of each specimen (e.g., Smith et al., 1994), we determined 
that approximately 68% of the specimens were adults, 29% were 
juveniles, and 3% were infants. The proportion of males and females 
was slightly male- biased (52.1% and 45.4%, respectively) with about 
2.5% of unknown sex. Sex category was assigned for each speci-
men based on NMNH records and verified using skull and canine 
size dimorphism.

2.2 | Methods

To reliably map our specimens in time and space, it was necessary 
to have the following information for each specimen in our sample: 
acquisition year, acquisition locality, and taxonomic designation. This 
information was compiled from NMNH online databases, specimen 
labels and containers, and accession records; all of these sources are 
publicly available, but not all have been digitized. Acquisition year 
and taxonomic designation were explicitly assigned by NMNH docu-
mentation; it is of note that acquisition dates may represent the date 
of field collection or the date of museum accession. An acquisition 
locality is an open- ended variable that can be, for example, a forest, 
a county, an island, or a town; this is because geographic information 
is inconsistent among museum collections, especially over such a 
long period of time. Specimens with sufficient acquisition and local-
ity information were plotted as points (hereafter “collection points”) 
in Google Maps (https://www.google.com/maps).

As precise geocoordinates are not available for many specimens, 
their provenance was determined on a case- by- case basis. Sufficient 
locality information to determine map location might include a 
named town, geocoordinates, a named natural preserve, or a named 
road/river with distances noted. In cases such as a named town, the 
point was placed within the town or on its immediate periphery. In 
the case of preserves, the collection point was placed in the approx-
imate center, since anthropogenic activities are typically uniform 

TA B L E  1   Distribution of specimens in study sample (N = 875) by 
genus

Genus
Specimens 
(n)

Gorilla 71

Pan 26

Pongo 90

Subtotal 187

Bunopithecus 3

Hylobates 136

Nomascus 10

Symphalangus 8

Subtotal 157

Allenopithecus 1

Cercopithecus 65

Chlorocebus 136

Erythrocebus 16

Macaca 272

Papio 41

Subtotal 531

Total (N) 875

https://www.google.com/maps
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within preserves. If the mapper (AE) could not confidently place a 
specimen given available records, then the specimen was removed 
from analysis. Although every attempt was made to accurately place 
collection points, there is some irreducible subjectivity in collection 
point placement, especially regarding historic specimens.

To determine levels of human influence on different habitats, we 
utilized the anthrome global biome maps created by Ellis et al. (2010). 
These publicly available maps delineate a range of terrestrial biomes 
based on human population density and land use, derived largely 
from archeological and ecological data sources. The authors clas-
sify different configurations of anthropogenic landscape changes 
around the globe at 5- degree resolution, combining potential veg-
etation maps (Ramankutty & Foley, 1999) with anthrome maps (Ellis 
& Ramankutty, 2008) at century intervals from 1,700 to 2,000 using 
overlay analysis. The anthromes are classified into 19 distinct types 
and grouped into common land- use schemas: Dense settlements, 
Villages, Croplands, Rangelands, Seminatural areas, and Wildlands 
(Table 2). Ellis et al. (2010) provide data for the 19th– 21st centuries 
across the vast majority of known terrestrial biomes for anthrome 
type descriptions, including spatial data that are publicly available 

for download. For the present analysis, we used version 2 (https://
ecoty pe.org/anthr ome/v2) although newer datasets are now avail-
able (https://anthr oecol ogy.org/anthr omes/maps).

Using the software tools of QGIS (version 3.16, QGIS 
Development Team, 2021), we imported collection points for each 
specimen and anthrome map layers for each relevant century inter-
val into a single map (Figure 2; full maps per century interval are 
available in Dryad doi: https://doi.org/10.5061/dryad.4f4qr fjcb). 
Based on the year of acquisition, primate specimens were grouped 
into the 19th- , 20th- , or 21st- century anthrome map. From QGIS, we 
then exported the specimen and corresponding anthrome data into 
MS Excel (2021, v. 16.47.1) for analysis.

3  | RESULTS

The plotting of the collection points for each NHP specimen on an-
throme maps showed that these specimens were collected from a 
wide range of anthrome types (see Figures 2– 4). Of the 19 anthrome 
types classified by Ellis et al. (2010), primates from the NMNH 

TA B L E  2   Description of fourteen anthrome types utilized in this study, adapted from Ellis et al. (2010)

Anthrome class Anthrome type Description

Dense settlements Urban and other densely populated settlements

Mixed settlements Suburban settlements, townships, and rural settlements 
with high but fragmented human populations

Villages Densely populated agricultural settlements

Rice villages Villages dominated by paddy rice

Rainfed villages Villages dominated by rainfed agriculture

Croplands Lands used primarily for annual crops

Residential rainfed croplands Rainfed croplands with substantial human populations

Populated rainfed croplands Croplands with significant human populations; mixture of 
irrigated and rainfed crops

Rangelands Lands used primarily for livestock grazing and pasture

Residential rangelands Rangelands, with substantial human populations

Populated rangelands Rangelands, with significant human populations

Remote rangelands Rangelands, without significant human populations

Seminatural lands Inhabited lands, with minor use for permanent agriculture 
and settlements

Residential woodlands Forest regions with minor land use and with substantial 
populations

Populated woodlands Forest regions with minor land use and with significant 
populations

Remote woodlands Forest regions with minor land use and without significant 
populations

Inhabited treeless and barren lands Lands without natural tree cover, with only minor land use 
and a range of populations

Wildlands Lands without human populations or substantial land use

Wild woodlands Forested regions and savannas

Wild treeless and barren lands Lands without natural tree cover (such as grasslands, 
shrublands, tundra, desert, and barren lands)

https://ecotype.org/anthrome/v2
https://ecotype.org/anthrome/v2
https://anthroecology.org/anthromes/maps
http://doi.org/10.5061/dryad.4f4qrfjcb
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collections were plotted within 14 of them (Table 2, Figures 2 and 
3). The primary anthrome group occupied by primates in our study 
were seminatural lands (66.6%, Table 3). These lands are defined as 

inhabited regions with only minor utilization of resources for settle-
ments or agriculture (Table 2) and include inhabited woodlands and 
uninhabited/ uninhabitable, barren lands.

F I G U R E  2   Sampled region anthrome map. 20th- century map of anthrome types by Ellis et al. (2010) with collection points (black circles). 
The collection points correspond to locations where NHP specimens were collected, primarily in South- East Asia, western Africa, and 
southern Africa

F I G U R E  3   Distribution of anthromes by genus. Anthrome type composition of wild- collected specimens for each of the thirteen 
nonhuman primate genera in study sample (N = 875)
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Primates occupy a wide range of terrestrial biomes, as illustrated 
by the anthrome results. These taxa, however, are not represented 
equally among human- modified environmental types. For example, 
Figure 3 illustrates the proportion contributed by each anthrome 
type to the total sample per genera. While some genera (Chlorocebus, 
Hylobates, and Macaca) were collected from a wide variety of an-
throme types, others (Gorilla, Nomascus, and Symphalangus) showed 
limited anthrome diversity. The most common anthrome types, 

across genera, were Populated Woodlands (34.8% of total sample) 
and Residential Woodlands (22.0%); both types are included in the 
anthrome group Seminatural (Table 2).

While we expected some variation in anthrome types from 
which the primates in our sample were collected, the amount of 
anthropogenic influence is surprisingly high; 91.7% of our sample is 
derived from some type of human- influenced landscape, whereas 
only 8.3% come from Wildlands (regions without substantial human 

F I G U R E  4   Selected anthrome map, Lake Victoria Region. Lake Victoria anthromes and political boundaries, 20th century. These images 
depict Lake Victoria (shown in light blue) and surrounding countries Kenya, Uganda, Rwanda, and Tanzania. The black dots represent 
collection points of primates in this study. The top image shows the area with political boundaries and roads in modern- day, and the bottom 
image depicts the same area with the 20th c. anthrome layer added. The bottom image highlights the granularity of anthrome data at the 
regional level. Anthrome type colors are defined in Figures 2 and 3
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populations or land use). While the vast majority of our sample comes 
from Seminatural areas, a further 17.2% derived from Croplands and 
Rangelands, and 7.8% come from Villages or Dense settlements. The 
number of individuals found in each anthrome type, and the corre-
sponding percentage of the total each anthrome represents, is listed 
in Table 3.

4  | DISCUSSION

4.1 | Environmental variation across time

The most recent chapter of the NMNH primate collection is distinct in 
its composition from the earliest period. Over the roughly 120 years 
of collecting, there has been a marked decline in wild specimen ac-
cession rates (Figure 1). The more recent reduction in wild- collected 
primates is likely due to designated conservation statuses and habi-
tat loss (Gordon et al., 2013), alongside increased regulation of animal 
care and use in research (see Sikes, 2016; Sikes et al., 2019). Thus, 
new acquisitions are reduced overall and increasingly represent in-
dividuals from human- managed, or human- impacted, environments. 
This trend is apparent within the simple wild- captive dichotomy and 
becomes clearer with the level of human influence on environments 
illustrated among the supposed wild- collected specimens (Figure 3).

Specimens collected from Smithsonian- sponsored expeditions 
(e.g., the Smithsonian- Roosevelt East African Expedition from 1909 
to 1910, see Sterling, 2005) are individuals who lived within an envi-
ronment that was considered free from human intervention, as it was 
preferred to study an organism from its natural, “wild” habitat. To 
our knowledge, all of the wild- collected individuals in our study were 
collected under a common mission to understand the natural world. 
However, this perspective minimizes the role of land- use changes, 
local residents, and travel limitations by collection scientists, all of 
which contribute to the reality of anthropogenic influences among 
museum collections (for sampling biases due to access routes, see 
Oliveira et al., 2016). For example, Figure 4 shows two maps of Lake 
Victoria and the surrounding region, with collections points of spec-
imens collected between 1900 and 1999. These maps depict the po-
litical boundaries and roads of modern- day Kenya, Uganda, Rwanda, 
and Tanzania, and the anthromes which correspond to the region 
from the 20th century. Together, these images offer an illustration 
of specimen collection patterns as scientists followed roads, focused 
efforts in forested refuges, and collected on the outskirts of towns. 
The granularity of anthrome data is also visible, where varying biome 
types abut one another in short succession, particularly around pop-
ulated areas.

While Figure 4 offers a granular view of one region, anthropo-
genic influences have changed dramatically over the last 100 years 

Anthrome group n % of Total Anthrome type n

Dense settlements 4 0.46

Mixed settlements 4

Villages 64 7.31

Rice villages 47

Rainfed villages 17

Croplands 68 7.77

Residential rainfed 
croplands

66

Populated rainfed 
croplands

2

Rangelands 83 9.49

Residential rangelands 4

Populated rangelands 60

Remote rangelands 19

Seminatural 583 66.63

Residential woodlands 193

Populated woodlands 305

Remote woodlands 66

Inhabited treeless and 
barren lands

19

Wildlands 73 8.34

Wild woodlands 66

Wild treeless and 
barren lands

7

Total 875 100.00 Total 875

TA B L E  3   Distribution of specimens by 
anthrome
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and this map cannot expound on that detail. One limitation of this 
study is that until very recently, anthrome maps were only in centen-
nial slices of time (see Ellis et al., 2021 for updated anthrome data-
sets). Especially during the 20th century, human populations grew 
rapidly, from around 1.6 billion in 1900 to 6.1 billion in 2000 (popula-
tion estimates from Worldometer: https://www.world omete rs.info/
world - popul ation/ world - popul ation - by- year/). Furthermore, human 
land use changed significantly on a decadal scale: between 1980 and 
2000, cropland area increased by ∼50% in East Africa and by ∼25% 
in West Africa, and nearly 60% of new agricultural land across the 
continent came from intact forests (Gibbs et al., 2010). Therefore, 
it is likely that our study may be underestimating the amount of an-
thropogenic impact during this time period.

4.2 | Environmental variation across taxa

The taxonomic patterns across human- modified environments re-
vealed by the present analysis are largely explained by the ecological 
variation among nonhuman primates. Extant hominoids, including 
greater and lesser apes, typically experience population decline 
when in close contact with humans (Walsh et al., 2003), whereas 
a number of cercopithecine monkeys exhibit documented synan-
thropy, especially Macaca, Papio, and Chlorocebus (Engel et al., 2010; 
Klegarth, 2016; Knauf & Jones- Engel, 2020; Nyamota et al., 2018).

Historical disregard of anthropogenic environmental pressures 
reduces the ability of researchers to understand a potentially adap-
tive trend in catarrhine primates, especially monkeys. Some mon-
keys can successfully live synanthropically, likely doing so because 
of access to human foods. Several species included in this study are 
known to crop- raid (e.g., Chlorocebus sabaeus, Dore, 2018; Papio anu-
bis, Alberts & Altmann, 2006; Pan troglodytes, Hockings et al., 2012), 
and/or live near human settlements on a consistent basis (e.g., 
Macaca sp., Fuentes & Wolfe, 2002). Richard et al. (1989) argued that 
human affiliative behaviors are so important to macaque evolution-
ary success that the adaptive suite created by these acclimatizations 
may actually drive speciation and explain existing species diversity. 
More recent work has highlighted these synanthropic species as 
sentinels or vectors of emerging infectious disease among humans 
(see Knauf & Jones- Engel, 2020 for review).

In the present study, we identified specimens of two genera from 
Mixed settlements (Figure 3), an anthrome type defined as “Suburbs, 
towns and rural settlements with high but fragmented populations” 
(Ellis et al., 2010:591). Identified specimens were Hylobates, the 
most geographically diverse genus among gibbons, and Macaca, 
the second most geographically diverse genus of any primate ever 
to inhabit the planet (Fooden, 2000; Maestripieri, 2008). There is 
arguably an ecological advantage for some primate populations if 
they can maintain adequate habitat while coexisting with human 
populations. Direct consideration of the anthropogenic impact of an 
animal's native habitat, and not only as a destructive force, provides 
insight into the adaptive strategies of free- roaming animals living in 
any anthrome.

This flexibility within primate taxa has allowed for some suc-
cessful acclimatizations, including synanthropic lifeways (McLennan 
et al., 2017), although the majority of primates species have seen 
drastic reductions in their preferred woodland habitats over the last 
century (Cowlishaw, 1999; Estrada et al., 2017). Many primate spe-
cies prefer predominantly arboreal habitats, especially apes (Rowe 
& Myers, 2016), yet some monkey species prefer a more terrestrial 
landscape (e.g., Erythrocebus patas; Gron, 2006). Thus, deforestation 
is the number one threat for most endangered primate species, due 
to agricultural demands and wood- harvesting industries (Estrada 
et al., 2017; IUCN, 2019). Primates with thriving populations are 
those utilizing a variety of anthromes and often exist in close prox-
imity to human populations (McLennan et al., 2017; see Nijman 
and Nekaris (2010) for human attitudes about these changes in Sri 
Lankan monkeys).

Primate home ranges, like those of many other animals, vary 
by species, body size, diet, and anthropogenic influence (Clutton- 
Brock, 2012; Jaman & Huffman, 2013). Generally, terrestrial species 
have larger ranges than arboreal species, because arboreal terri-
tory is defined in three dimensions (Carbone et al., 2005; Pearce 
et al., 2013). Among macaques, forested ranges can exceed 15 km2 
(Lindberg, 1971), while urbanized ranges may be as small as 0.01- 
3km2 due to an abundance of readily available anthropogenic foods 
within a smaller range (Seth et al., 1989). In this study, specimen 
collection locales represent a single moment in time and therefore 
can only offer a snapshot of anthromes occupied by primates within 
their native ranges. This method cannot provide information about 
the various biomes included within an individual's home range; for 
primates, this almost certainly means we are underestimating the 
variety of anthromes utilized by any given population.

Future studies would benefit from expanded taxonomic appli-
cations, within the order Primates and beyond. Colobine monkeys 
were not included in this study, but it is likely that this group would 
also display diversity in anthrome occupation. For example, Colobus 
sp. tend not to fare well in the presence of human populations 
(Siobhan Cooke, personal communication), while Semnopithecus sp. 
are commonly found in human settlements (Chauhan & Pirta, 2010; 
Chhangani & Mohnot, 2006; Koenig & Borries, 2001). Colobines are 
more folivorous and arboreal than cercopithecine monkeys, gen-
erally, and these adaptations likely affect the ways in which these 
monkeys interact with human communities.

4.3 | Applications for ecological and 
evolutionary research

Existing natural history collections already contain specimens from 
areas with documented anthropogenic changes, but this is not often 
considered when specimens are used for research. Arguably, this 
is largely due to the widespread use of the wild- captive dichotomy 
when characterizing specimens by the level of anthropogenic impact 
on their environments. Captive primates are (usually) easy to identify 
from museum records, whereas more nuanced data for noncaptive 

https://www.worldometers.info/world-population/world-population-by-year/
https://www.worldometers.info/world-population/world-population-by-year/
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primates are almost invisible to detect without a specific attempt to 
categorize them as such. As the present study demonstrates, many 
specimens within museum collections typically are not from the 
“wild” in the implicit sense, or even from Wildlands (see Table 3 and 
Figure 3) in the categorized sense. Though many of the animals in 
this study may have been unmanaged by humans or may have had 
limited human contact during their lifetime, most are likely to have 
endured human populations and land usage changes within their na-
tive biomes. Additionally, a large portion of these specimens are ma-
caques from South- East Asia (80% of macaque sample, 25% of the 
total sample), where people regularly provision nonhuman primates 
with food consistent with centuries of cultural and religious signifi-
cance (Fuentes, 2010; Peterson et al., 2015; Radhakrishna, 2018; 
Riley & Priston, 2010).

It is likely that some attributes of primate morphology, ecology, 
or behavior, which had been previously attributed to a natural con-
dition, are in fact due to human- introduced factors. For example, the 
captive environment (e.g., enclosure complexity) has been shown to 
affect the ontogenetic trajectory of long bone cross- sectional di-
aphyses in captive gorillas (Gorilla gorilla) compared with their wild 
conspecifics, a result attributed to a decreased climbing frequency 
and/upon non- natural substrates (Canington et al., 2018). Some 
heavily human- impacted spaces, such as captive institutions, alter 
the bodies of nonhuman primates in unexpected ways. As one exam-
ple, recent studies have indicated that some macaque populations 
may be experiencing morphological changes in ankle shape due to 
substrate exposure (Turley & Frost, 2018; Turley et al., 2015). This 
work offers evidence that macaques who live the majority of their 
lifetime on flat, hard substrates will tend to feature smaller tibio- 
talar articulation surface and less flexibility which is more conducive 
to terrestrial locomotion, whereas the same species living in a more 
varied substrate environment (such as an arboreal environment) 
will feature a broader articulation surface and increased flexibility 
more conducive to arboreal movement. Tibio- talar articulation mor-
phology has been long assumed to be static, indicating preexisting 
adapted locomotor patterns, rather than a use- based characteristic 
(see Simons et al., 2019; Turley & Frost, 2018). Further, applications 
of this method are showing intriguing results in human populations 
from varying environments (see Sorrentino et al., 2020). Not only 
does this research highlight the developmentally plastic nature of 
skeletal elements, but also that human- impacted environments may 
literally shape future generations of these species.

Reconstructing anthropogenic influences (based on global an-
throme data, or perhaps based on existing, ethnographic museum 
records) encourages new ways to interpret and utilize museum spec-
imens. Detailed knowledge of the contemporaneous anthropogenic 
impacts on the environment can illuminate relationships between 
anthrome type and nonhuman behavior, morphology, and health 
outcomes among existing collections (Donihue & Lambert, 2015; 
Loudon et al., 2006, 2014). Ultimately, future studies utilizing mu-
seum specimens would greatly benefit from a dataset integrating 
their taxon or geographic area of study, with historical documen-
tation of the environment research and ethnoprimatological data 

reflecting animal behaviors and customs. In concert with modern 
technologies, this approach allows novel investigations involving 
biomolecular work, morphometrics, and urban ecologies.

5  | CONCLUSION

Our findings suggest that the majority of nonhuman catarrhine pri-
mate specimens in NMNH collections are not from the “wild.” Among 
the 1632 specimens surveyed for this study, 1,220 (74.7%) were col-
lected from their native habitats, and among these, 875 specimens 
included enough information to assign them to an anthrome based 
on original collection date and mapped locale. We show that 91.7% 
of mapped specimens were collected from a human- impacted land-
scape, meaning that only 73 individuals (8.3% of mapped specimens, 
or 4.5% of all surveyed specimens) were demonstrably from a habi-
tat with little to no direct human impacts.

Museum specimens, collected from native habitats or human- 
managed institutions, may be better understood on a scale of an-
thropogenic influences on the environments from which they 
originate, rather than a wild- captive dichotomy that oversimplifies 
the ecological and biological reality of their lives. There is far more 
environmental variation to be investigated with respect to human in-
fluence than previously recognized in these collections (e.g., Tomiya 
& Meachen, 2018). Additionally, these patterns could be extended 
further into the past, when new anthrome datasets spanning the last 
12,000 years of human land- use change (Ellis et al., 2021) are inte-
grated with zooarcheological or subfossil collections. In fact, this ap-
proach can be useful for more comprehensive niche modeling efforts 
that incorporate human land- use variables, exploring historical spe-
cies ranges and the relationship between Indigenous communities 
and wildlife, as well as conservation efforts that integrate long- term 
historical– ecological data. The accuracy and accessibility of relevant 
provenance data used for the specimen assignments are critical 
as these collections continue to grow. With these efforts, further 
research can increase our understanding of how human- impacted 
environments, through the lens of evolutionary biology, create chal-
lenges, evoke responses, and reveal connections between humans 
and other animals across many biomes worldwide (for a discussion 
of natural history collection as understudied sources of evolutionary 
biology research, see Holmes et al., 2016).

Incorporating anthropogenic environmental information into re-
search on nonhuman primates and other zoological specimens is a 
crucial next step to more fully comprehend human impacts on the 
environment, past and present. Natural history museums, and the 
researchers utilizing their collections, must continue to acknowledge 
the influences of humans on their specimens to increase our under-
standing of the anthropogenic impacts on animal bodies and behav-
iors. Some nonhuman primates, and other organisms, have exhibited 
remarkable resilience and adaptation in the face of anthropogenic 
pressures, while many others have suffered steep declines or been 
eradicated altogether (Estrada et al., 2017). By recognizing the var-
ious ways that humans articulate with and alter their environments, 
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we can understand more fully how these pressures affect other as-
pects of biology such as development, the microbiome, disease ecol-
ogy, and morphology.
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