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Abstract
Spatial neophobia and exploration are often assessed in nonhuman animals by measuring behavioral responses to novel 
environments. These traits may especially affect the performance of individuals translocated to novel environments for 
conservation purposes. Here, we present methods to administer and analyze a minimally invasive novel environment test 
that accounts for the social context of focal individuals. We used an aerial platform to capture video footage of a captive 
herd of scimitar-horned oryx (Oryx dammah) entering an unfamiliar enclosure. We analyzed footage for seven individually 
identifiable oryx, scoring their behavioral responses (i.e., latency to enter the enclosure, and movement and posture after 
entering the enclosure) and social context (i.e., relative position and number of nearby animals). We performed a principal 
components analysis (PCA) to explore individual traits and responses, and used generalized linear mixed models (GLMMs) 
to determine the effect of individual traits and social context on individual posture and movement behaviors. Both PCA 
and GLMMs supported our expectation that social context affects individual behavior: high neighbor density and relative 
position were negatively related to individual movement, and variation in social context was positively related with head-up 
postures and movement. Oryx were well differentiated along two principal components that reflected (1) vigilance or cau-
tion, and (2) changing social context and age. These methods provide a framework for assessing individual responses to a 
novel environment in a group setting, which can inform reintroduction and wildlife management efforts, while minimizing 
interference with animal behavior and management operations.

Keywords Aerial monitoring · Animal personality · Conservation translocation · Exploration · Helikite · Oryx dammah · 
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Introduction

Consistency in behavior across time and contexts (i.e., ani-
mal personality; Réale et al. 2007) influences key aspects 
of survival and reproduction for wildlife, such as forag-
ing style (Traisnel and Pichegru 2019), resource guarding 
(Maskrey et al. 2018), and mate selection (Martin-Wintle 
et al. 2017). It is, thus, an important area of research with 
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applications across disciplines (Sih et al. 2004; Fogarty 
et al. 2011; Aplin et al. 2014; Spiegel et al. 2017). Studies 
of neophobia (aversion to novelty) have been particularly 
important to the developing field of animal personality, 
because they often rely on simple experimental manipula-
tions while maintaining ecological relevance (i.e., animals 
encountering new circumstances through, e.g., dispersal, 
habitat fragmentation, or anthropogenic features; Green-
berg and Mettke-Hofmann 2001).

In a neophobia assessment, animals are introduced to an 
unfamiliar object or environment while observers record 
their behavioral responses such as latency to approach, 
spatial exploration, and level of activity (Greggor et al. 
2015). This approach has yielded valuable insights into the 
fitness consequences of personality, revealing, for exam-
ple, that swift foxes (Vulpes velox) with bolder responses 
toward a novel object have lower survival rates after rein-
troduction (Bremner-Harrison et al. 2004), that explora-
tory behavior in a novel environment is correlated with 
nest success and fledgling size in great tits (Parus major; 
Both et al. 2005), and that Siberian chipmunk (Eutamias 
sibiricus) tick load increases with space use in a novel 
environment (Boyer et al. 2010). Together, these and other 
studies demonstrate that animal responses to novelty can 
be reliably measured, and may be correlated with fitness-
relevant outcomes across a range of taxa.

Neophobia tests typically control for external influ-
ences such as the presence of conspecifics by isolating 
individuals during experimental trials (Webster and Ward 
2011; Dall and Griffith 2014; Perals et al. 2017). How-
ever, the behavior of conspecifics is likely to be an impor-
tant factor in an individual’s response to novelty (Haage 
et al. 2013). For example, the mating activity of groups of 
water striders (Aquarius remigis) is affected by the pres-
ence of hyper-aggressive males (Sih and Watters 2005; 
Spiegel et al. 2017), while zebra finches (Taeniopygia 
guttata) are more similar in exploratory behavior when 
measured in pairs than when measured in isolation, with 
important implications for foraging efficiency (Schuett and 
Dall 2009). Moreover, social animals are rarely isolated 
from conspecifics in nature (van Oers et al. 2005; Sibbald 
et al. 2009; Mainwaring et al. 2011) and their decisions 
are informed by the actions of nearby animals (Webster 
and Ward 2011; Dall and Griffith 2014). Previous studies 
have measured individual responses to novelty in group 
settings and used generalized social metrics (e.g., domi-
nance status, mean number of nearby animals) to explain 
individual variation in response to novelty (Sibbald et al. 
2009; Benson-Amram and Holekamp 2012; Massen et al. 
2013a, b). However, social context should arguably be 
considered more explicitly (Veissier and le Neindre 1992; 
Webster and Ward 2011; Dall and Griffith 2014), and there 
is a need for neophobia research that accounts for the often 

rapidly changing social environment of subjects while they 
are exposed to novelty.

Accounting for social context may be especially relevant 
to species reintroductions and other conservation transloca-
tions, where a cohort of animals is released into a new envi-
ronment at the same time. How animals behave in a novel 
environment after translocation may directly translate to 
their ability to avoid predation (Quinn and Cresswell 2005), 
reproduce successfully (Martin-Wintle et al. 2017), and 
locate essential resources (Stamps and Swaisgood 2007). In 
addition, individual differences in ability to cope with the 
stress of capture and handling may also impact post-release 
performance (Archard and Braithwaite 2010; May et al. 
2016; Merrick and Koprowski 2017). For example, more 
stressed individuals may be less efficient while searching 
for resources (Teixeira et al. 2007) and adapt more slowly 
to a novel environment (Mendl 1999). Further, reintroduced 
populations are often sourced from a limited population of 
threatened or endangered species, and represent consider-
able financial and time investments (Cheyne 2009). Thus, 
protocols that maximize the chances of success for released 
animals are crucial. Assessments that account for behavior 
in group settings may be particularly insightful, as group 
members can elicit behaviors that may be advantageous 
or disadvantageous after release (Webster and Ward 2011; 
Goldenberg et al. 2019).

In addition to the biological relevance of quantifying 
response to novelty in the presence of conspecifics, there 
are many practical reasons for such an approach. For exam-
ple, managers of captive populations must prioritize animal 
welfare (e.g., minimizing the potential stress of isolation or 
handling) with limited staffing resources. Thus, approaches 
to assess neophobia that leverage existing management 
routines, avoid disrupting existing social groups, and yield 
robust individual-level measurements are highly desir-
able in a captive management context (Foris et al. 2018). 
The increasingly affordable and accessible approach of 
using remote aerial platforms to monitor animals presents 
an exciting opportunity to integrate these ideas. Remote 
monitoring platforms offer the capacity to observe animals 
entering novel environments while avoiding disruptions to 
existing social groups and minimizing direct human–animal 
interactions.

Here, we present a minimally invasive approach to assess-
ing spatial neophobia and exploration in a herd of captive 
scimitar-horned oryx (Oryx dammah; hereafter “oryx”, 
Appendix Fig. A1) that can be applied to groups of ani-
mals during preparations for release into the wild. Such 
information is urgently needed to inform ongoing efforts to 
reintroduce this species to its former range (Chuven et al. 
2018; Mertes et al. 2019). We used a passive aerial platform 
(an aerostat) to monitor the herd as they entered and moved 
within a, enclosure they had not accessed in several months. 
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We documented behaviors commonly recorded in novel 
environment tests, including latency to enter (representing 
spatial neophobia), and movement and head posture (repre-
senting spatial exploration; Mettke-Hofmann et al. 2009).

In addition, we measured the fine-scale social context of 
individuals using (1) their relative position in the herd and 
(2) the number of nearby animals. We expected social con-
text to influence individual behavior, and thus predicted that 
social context variables would significantly affect the behav-
ioral responses recorded after oryx entered the enclosure. 
This study presents a single test, and thus is not adequate to 
characterize the personality traits of individual oryx. How-
ever, the methodological framework presented here provides 
a promising avenue to characterize behavioral metrics within 
a group, without the need to handle animals or disrupt their 
social environment, and may be used to assess animal per-
sonality dimensions when implemented as multiple tests. 
We discuss the implications of this method for advanc-
ing the study of animal personality, and describe valuable 
potential applications for species conservation and wildlife 
management.

Methods

Study site and animals

We conducted a novel environment test at the Smithsonian 
Conservation Biology Institute (SCBI) on November 14, 
2019. SCBI is a 1300-hectare research and captive animal 
institution located approximately 5 km south of Front Royal, 
Virginia (38°54′ N, 78°09′ W). The primary vegetation 
communities at SCBI are Appalachian oak forest and other 
mixed deciduous forests typical of the mid-Atlantic region 
of eastern North America (Bourg et al. 2013), as well as 
pastures managed for animal husbandry purposes.

We implemented this test using a female herd of oryx res-
ident at SCBI. Scimitar-horned oryx are large African ante-
lope adapted to the arid, seasonal grasslands surrounding the 
Sahara Desert (Newby 1978, 1980; Morrow et al. 2013). The 
species once numbered in the hundreds of thousands and 
ranged across the Sahel from Mauritania to Sudan (Newby 
1978; Harris et al. 2009). However, overhunting, regional 
conflicts, habitat degradation and fragmentation, and com-
petition with domestic livestock led to the species’ decline 
(Dixon et al. 1991). The last sightings of wild oryx occurred 
in the late 1980s (Newby 1988; Millington et al. 1991), and 
the species has been classified as Extinct in the Wild since 
2000 (Mallon and Kingswood 2000). Fortunately, large 
numbers of oryx survived in private collections and zoo-
logical institutions, which have functioned as source popula-
tions for restoration efforts in Tunisia, Morocco, and Sengal. 
More recently, the Environment Agency—Abu Dhabi, in 

partnership with the Chadian Ministère de l’Environnement, 
de l’Eau, et du Developpement Durable, and implemented 
on the ground by SaharaConservation, began releasing cap-
tive-born oryx into the Réserve de Faune du Ouadi Rimé-
Ouadi Achim (RFOROA) in central Chad in 2016.

All members of the SCBI oryx herd were captive-born 
animals acclimated to human management. The herd was 
comprised of 18 females and 5 dependent calves (~ 5 months 
old), ranging from 1.4 to 14.5 years old. To control repro-
duction and minimize injuries due to agonistic interactions, 
female oryx are housed and managed together as one social 
group in a ~ 1.5 ha enclosure, and were isolated from male 
oryx since August 2019. Seven oryx in the herd were born at 
SCBI, including one hand-raised individual (“Esmeralda”); 
the remaining adults (n = 11) were transferred to SCBI as 
adults from several US institutions as part of the oryx spe-
cies survival plan (SSP). For females not born at SCBI, time 
since accession ranged from ~ 6 months to 10.4 years. Social 
ranking within the herd was determined based on 10 h of 
video recordings of agonistic interactions, recorded across 
10 days (Moraes et al. in prep). We used the BORIS software 
(Friard and Gamba 2016) to identify and count dyadic inter-
actions (Langbein and Puppe 2004), and used the win–loss 
matrix to calculate David’s scores and the best rank order 
(De Vries et al. 2006).

Novel environment

No oryx in the herd had access to the enclosure where the 
experiment was conducted (Fig. 1, Pasture B) for approxi-
mately 3 months. The experimental enclosure (~ 1.7 ha) was 
separated from the herd’s previous enclosure (Fig. 1, Pas-
ture A) by a 6’ chain-link fence with brush growing through 
many links, such that visibility into either pasture from the 
other is substantially obscured. The experimental enclosure 
is also long and thin and declines steeply after the first ca. 
150 m, such that the majority of its area is not visible from 
either the herd’s previous enclosure, or the gate from which 
the herd entered (Fig. 1, red line).

Aerial video footage was recorded using a DJI Osmo 
Pocket camera (UHD 4 k; 30 frames/second) suspended 
from a tethered 2  m3 Skyshot Helikite (Allsopp Helikites® 
Ltd., Hampshire, England). A Helikite is a non-motorized 
aerial platform consisting of a helium balloon with kite fins, 
providing greater stability and increased payloads compared 
with traditional aerostats (Verhoeven et al. 2009). Helikites 
are a relatively affordable, noise-free, and minimally regu-
lated option for capturing aerial footage, but a wide range 
of non-motorized and conventional unmanned aerial vehi-
cles (UAVs) could obtain comparable footage (Hughey et al. 
2017).
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Prior to the novel environment test, seven flights were 
conducted to acclimate the oryx to the presence of the 
Helikite. Acclimation flights were flown at heights between 
25 and 30 m in enclosures that the oryx had access to dur-
ing the month prior to the test (Fig. 1, Pasture A). Each 
flight was piloted from a blind (i.e., a camouflaged hide or 
tent approximately 150 cm × 150 cm × 150 cm in size) 
and lasted approximately 5 h, allowing the oryx to become 

accustomed to the presence of both the Helikite and the 
observer-occupied blind. We used behavioral indicators 
(e.g., non-avoidance of areas near the helikite, observation 
of routine behaviors before, during, and after flights) to 
determine that oryx were sufficiently acclimated.

On the day of the novel environment test, the Helikite 
was flown at a height of 25 m, with the DJI Osmo Pocket 
remotely operated by an observer located in a blind next 
to the Helikite anchor (Fig. 1, white oval; Fig. 2). Animal 
management personnel entered through the novel pasture 
(Fig. 1, Pasture B), opened the gate separating the two pas-
tures without calling or otherwise alerting the animals, fixed 
the gate in an open position, and exited through the novel 
pasture. Management personnel were visible to the oryx 
briefly when opening the gate, but not thereafter. The oryx 
were fed prior to the novel environment test, supplementary 
food was not stationed within the novel pasture, and avail-
able forage was consistent across pastures. Thus, food was 
available ad libitum and oryx were free to enter the novel 
environment at will (Greggor et al. 2015). Aerial footage was 
continuously recorded before, during, and after the herd was 
given access to the experimental pasture, to record animal 
behaviors (Table 1). The novel environment test began when 
management personnel exited the open gate and left through 
the experimental pasture. Latency to enter was measured 
from this time, and behavioral observations for each indi-
vidually identifiable oryx began as the individual entered 
the novel environment. The duration of behavior observa-
tions was defined by the camera field of view, which was 
limited by the position of the Helikite (because the Helikite 
is tethered, and thus cannot be maneuvered). Observations 
ended when no oryx could be individually distinguished in 
the aerial footage.

During the novel environment test, video footage of the 
oryx was also recorded from the blind using a Nikon D3500 

Fig. 1  Study site map. Oryx in Pasture A were given access to Pas-
ture B, representing a novel environment. Aerial and ground video 
footage were recorded from a Helikite (Allsopp Helikites® Ltd., 
Hampshire, England) and by observers in a blind

Fig. 2  Example Helikite setup 
and aerial view of novel envi-
ronment test. Left image shows 
the blind positioned near the 
experimental enclosure, with 
the Helikite anchored nearby. 
Right image shows an example 
frame of aerial footage recorded 
during the novel environment 
test
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camera. Identifying information, such as horn shape and ear 
tag color combinations, were noted by observers inside the 
blind as individual oryx entered the novel enclosure. Ground 
and aerial recordings were subsequently paired to confirm 
individual identification. However, identifying animals 
solely from aerial footage is possible if individuals have 
unique markings that can be distinguished in video footage 
(i.e., natural markings or ear tags, collars, horn tape, or other 
items used for management or research purposes).

Data analysis

We annotated aerial footage for seven female oryx that could 
be consistently identified in the video recorded from the 
Helikite (Table 1). We used the BORIS software (Friard and 
Gamba 2016) to record the timing and duration of head-up 
postures, head-down postures, moving behaviors, and resting 
behaviors (Appendix Table A1). These behavior categories 
were reliably separable in our aerial footage and capture 
biologically meaningful behaviors in group-living ungulates.

Head-up posture is often used as a proxy for vigilance in 
ungulates, especially in studies of group foraging behavior 
(Hunter and Skinner 1998). The frequency or total time that 
an individual holds its head raised is generally interpreted as 

its assessment of risk (e.g., from predation or conspecifics; 
Peterson and Weckerly 2018). Because grazers cannot feed 
when performing head-up postures, increasing vigilance or 
scanning for risk typically reduces the ability of an individ-
ual to forage (Creel et al. 2014). Likewise, movement is fre-
quently considered an aspect of exploration in novelty tests, 
because it may be correlated with approach to novel objects, 
movement through a novel environment, or flight from a 
novel stimulus (Christensen et al. 2005; Olsen and Klem-
etsdal 2019). Importantly, grazers also cannot feed when 
locomoting. Thus, the response variables of head posture 
and movement represent biologically meaningful trade-offs 
between acquiring resources and performing other activities 
(vigilance, exploration) related to individual fitness.

We also used BORIS to measure the timing and dura-
tion of two variables we developed to capture the effect 
of social context on individual responses to novelty: (1) 
‘relative position’ and (2) ‘personal space’. Relative posi-
tion refers to the ordinal position of the focal individual 
relative to all other oryx as the herd moves away from the 
entry gate, such as in a race (Fig. 3A). A lower numeric 
score—e.g., a ‘relative position’ of 1 or 2—indicates that 
the focal individual has moved further from the entry 
gate than all or most oryx in the herd. A higher numeric 

Table 1  Summary of quantities 
estimated for each focal oryx. 
Means (± sd) summarize values 
across all 6-s intervals each 
oryx was observed. Higher-
ranking oryx are represented by 
lower dominance status values

Oryx Age  
(yr)

Weight 
(kg)

Dominance 
status

Latency 
(sec)

Observation 
length (sec)

Relative 
position 
(mean ± sd)

Personal space 
(mean ± sd)

Short Horns 8.4 127 10 409 268 10.3 ± 5.9 1.5 ± 0.9
Esmeralda 4.5 124 13 412 280 9.6 ± 3.4 3.1 ± 1.5
Savannah 2.5 129 14 422 270 3.5 ± 1.5 1. 9 ± 0.8
Ruby 9.6 127 2 424 268 5.6 ± 2.2 2.1 ± 1.2
Cat 11.5 140 1 435 257 12.8 ± 3.5 1.3 ± 0.8
Rizzo 13.4 138 NA 443 99 13.3 ± 3.8 1.4 ± 1.4
Nancy 1.4 111 16 455 237 11.4 ± 1.2 0.7 ± 0.7

Fig. 3  Variables used to capture the social context of a focal oryx (in 
black). Relative position (A) scores the focal oryx’s position relative 
to other herd members as it moves away from the entry gate. The 
dashed red arrow indicates directionality away from the gate and into 

the novel pasture. Personal space (B) counts the number of conspecif-
ics within one body length of the focal oryx. The dashed red line indi-
cates a radius of one oryx body length; the solid red line represents 
the total area considered for the personal space metric
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score—e.g., a ‘relative position’ of 10—indicates that 
the focal individual is closer to the entry gate than other 
oryx moving through the pasture. ‘Relative position’ 
captures an individual’s tendency to lead or follow other 
group members. The roles of ‘leaders’ and ‘followers’ are 
important to collective movement and often correspond to 
behavioral traits like boldness and shyness, respectively 
(Harcourt et al. 2009; King et al. 2009). Personal space is 
the number of conspecifics within one body length of the 
focal individual (Fig. 3B), and captures the extent to which 
the space immediately around an individual is occupied 
by conspecifics. Within-group position affects the time 
spent performing vigilance behaviors in some ungulates 
(Burger et al. 2000), and is affected by both individual-
level traits (e.g., social tolerance) and group dynamics 
(e.g., the movements and social tolerance of other group 
members). An individual’s position within a group may 
incur either costs or benefits to its fitness (Couzin and 
Krause 2003), for example through a trade-off between 
resource acquisition and predation risk.

One observer (CAR) annotated head posture and move-
ment from aerial footage for all focal animals. Three observ-
ers (CAR, KM, SZG) annotated relative position and per-
sonal space from aerial footage. Continuous focal animal 
sampling (Altmann 1974) was used for all behavior and 
social context scoring (start and stop time and duration of 
each head-up/moving state). Agreement among observers 
was assessed using a two-way mixed-effects, absolute agree-
ment, single-rater Intra-class correlation (ICC; McGraw and 
Wong 1996). Observers achieved an inter-rater reliability 
score of 0.85 or higher in annotations of relative position 
(0.882) and personal space (0.851) for two oryx, indicating 
that raters had a high degree of agreement and scored social 
context variables similarly.

We performed a principal components analysis (PCA) 
to explore the relative effects of individual characteristics, 
measured behaviors, and social context, consistent with 
previous analyses of animal personality (Carter et al. 2013; 
Massen et al. 2013b; Díaz López 2020). Input variables 
were calculated over the individual’s entire observation and 
included latency to enter the novel environment, the total 
proportion of its observation an individual spent in head-up 
postures, the total proportion of its observation an individ-
ual spent moving, age (which explained more variance than 
dominance or accession date), the coefficient of variation 
of all durations an individual spent in head-up postures, the 
coefficient of variation of all durations an individual spent 
moving, standard deviation of all recorded relative position 
scores, standard deviation of all recorded personal space 
counts, and a metric representing vigilance (the total propor-
tion of an individual’s observation spent in head-up postures 
divided by the total proportion of the observation spent mov-
ing). Bartlett's Test of Sphericity was significant (p < 0.001), 

indicating that our input data met the assumptions for a PCA. 
We examined the components of the first two PCs, which 
accounted for ca. 72% of the total variance, and used these 
components to guide variable selection for generalized linear 
mixed models (GLMMs).

Exploration of continuous behavior annotations revealed 
that the median duration of posture and movement states 
across all individuals was 5.5 s. We used this mean dura-
tion of behavioral states, rounded to the nearest whole sec-
ond, to discretize our continuous behavior annotations. For 
each 6-s interval, we calculated the proportion of time each 
focal individual spent in head-up postures, the proportion 
of time each focal individual spent moving, and summary 
values (minimum and mean) and variation (variance and 
standard deviation) of social context variables. We then ana-
lyzed these discretized behavior data in a repeated-measures 
framework.

We constructed two GLMMs to test our predictions that 
social context (relative position and personal space) and 
individual-level factors (e.g., age and social ranking) affect 
oryx behavior, as measured by (1) head-up postures and (2) 
movement. We selected a Beta distribution with a logit link, 
appropriate for continuous proportion data. We included a 
fixed effect for individual identity to directly quantify differ-
ences among individuals, and because we repeatedly meas-
ured a relatively small number (n = 7) of unequally sampled 
individuals. Autocorrelation and partial autocorrelation 
functions indicated that repeated measures of head-up and 
movement postures were temporally autocorrelated up to 
one 6-s interval; we thus, also included a first-order autore-
gressive covariance structure (AR1). Based on PCA results, 
we included the standard deviation of each social context 
variable as predictor variables. To exclude collinear pairs 
of terms (Pearson’s correlation ≥ 0.7), we competed possi-
ble models with at most one summary metric (minimum or 
mean) of each social context variable using the Akaike infor-
mation criterion corrected for small sample sizes (AICc; 
Burnham and Anderson 2002). All models were fit using 
the glmmTMB package (Brooks et al. 2017) in R (R Core 
Team 2021).

Results

The novel environment test lasted for approximately 
11.5  min. Following an initial latency period of 409  s 
(Table 1), the seven focal oryx entered the experimen-
tal pasture over a period of 46 s. We observed most indi-
viduals for at least four minutes after entry. However, one 
oryx (“Rizzo”) was not visible in the video footage after 
roughly 2.4 min. “Short Horns” entered the pasture first, 
and remained at the front of the herd for 23% of the observa-
tion—the longest time of any single oryx. Two other focal 
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animals were also briefly at the front of the herd, one high-
ranking (“Ruby,” for < 5% of the observation) and one low-
ranking (“Savannah,” 8.5%). Individuals exhibited variable 
proportions of head-up postures and movement throughout 
the observation, and across individuals (Fig. 4).

The first two principal components in our PCA accounted 
for ca. 73% of the total variance in the data set (Table 2; 
Fig. 5). PC1 was strongly influenced by variables associated 
with vigilance and caution, as indicated by substantial posi-
tive loadings for a summary metric representing vigilance, 
the total proportion of time an individual spent in head-up 
postures, and variation in the durations an individual spent 
moving. PC2 was negatively influenced by latency, and 
positively influenced by age and variation in social context 
(standard deviation of personal space and relative position). 
Overall, the PCA indicated strong differentiation among 
identifiable individuals. “Cat” and “Rizzo”—the final three 
oryx to enter the novel environment—ranked on the high end 

Fig. 4  Seconds of time spent in 
each recorded behavioral state 
(moving with head down, mov-
ing with head up, resting with 
head down, resting with head 
up) by focal oryx

Table 2  Factor loadings and percentage of variance explained from 
Principal Component Analysis (PCA)

The variables with the strongest effects for the first two components 
are in bold

Dim. 1 Dim. 2 Dim. 3 Dim. 4

Latency (sec) 0.33 − 0.38 − 0.37 − 0.09
Head-up posture (proportion) 0.37 0.26 − 0.43 − 0.19
Movement (proportion) − 0.33 0.31 − 0.27 − 0.29
Age (yr) 0.30 0.41 0.03 − 0.11
Head-up posture (CV) − 0.33 − 0.01 − 0.58 − 0.31
Movement (CV) 0.46 − 0.20 0.09 − 0.03
Relative position (SD) 0.07 0.53 0.38 − 0.37
Personal space (SD) 0.02 0.44 − 0.30 0.79
Vigilance 0.47 0.10 − 0.14 − 0.08
Standard deviation 2.04 1.55 1.05 0.83
% of Variance 46.16 26.78 12.35 7.59
Cumulative % 46.16 72.94 85.29 92.88

Fig. 5  The first two principal 
components accounted for ca. 
73% of the variance in the data 
set. The first component was 
characterized by vigilance (ratio 
between proportion of time in 
head-up posture/ proportion of 
time in movement), variance 
in time spent in movement, 
and the second component was 
characterized by social context, 
latency and age, head-up. Focal 
oryx were well differentiated 
along the two axes, consistent 
with their different social con-
texts and individual behaviors 
while exploring the novel 
environment
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of PC1, while “Savannah” ranked on the low end. “Ruby”, 
“Esmerelda”, and “Short Horns” comprised one apparent 
cluster, whereas “Nancy” (well differentiated along PC2) 
and “Savannah” (well differentiated along PC1) were rela-
tively isolated from other oryx.

The final model for the proportion of time an oryx spent 
moving per 6-s interval included five fixed effects: (1) mini-
mum personal space, (2) standard deviation in personal 
space, (3) minimum relative position, (4) standard devia-
tion in relative position, and (5) individual identity (Table 3), 
supporting our prediction that social context significantly 
influences behavioral responses to a novel environment. 
Based on partial autocorrelation functions of the repeated-
measures time series for each focal oryx, the final model 
also included an autoregressive covariance structure of 
order 1 (i.e., AR1) to account for temporal autocorrelation 
within individuals. No individual-level attributes (e.g., age, 
social dominance, or latency to enter the enclosure) were 
significantly related to the prevalence of movement by focal 
oryx (Fig. 6). A candidate model that included mean rela-
tive position instead of minimum relative position performed 
nearly as well (delta AICc < 2) as the final model, indicat-
ing relative equivalence among these summary metrics 
of relative position. Standardized residuals from the final 
model appeared normally distributed, and did not exhibit 
any dependence structures with either predictor variables or 
the fitted values. Nonparametric dispersion tests comparing 
the variance of raw residuals to that of simulated residuals 

(Hartig 2021) revealed no significant under- or overdisper-
sion. The final model achieved a root mean squared error 
(RMSE) equivalent to a change of 0.09 in the proportion of 
time spent performing movement behaviors, a 20% improve-
ment over the null model. Predictions from the final model 
achieved a correlation of 0.59 with observed movement pro-
portions, compared to 0.18 in the null model. 

In general, focal oryx at the front of the herd moved more 
than those toward the back of the herd. Focal oryx with few 
conspecifics within one body length also moved more than 
oryx with many neighbors nearby. Focal oryx whose per-
sonal space was in flux (i.e., the number of nearby conspe-
cifics varied a great deal across 6-s intervals) also moved 
more than those with less variation in the number of nearby 
animals. When these social context cues were accounted for, 
most focal oryx still exhibited individual-specific variation 
in movement rates—particularly “Esmeralda” and “Short 
Horns”, which exhibited significantly more movement than 
expected, given their social environment.

The final model for the proportions of time focal oryx spent 
in head-up postures included three fixed effects: (1) standard 
deviation in relative position, (2) standard deviation in per-
sonal space, and (3) individual identity, further supporting our 
prediction that social context significantly influences behavio-
ral responses to a novel environment (Table 4). During explor-
atory data analysis, it appeared that younger animals (< 5 years 
old) spent significantly less time in head-up postures than older 
(≥ 5 years old) animals (Welch’s t-test, p = 0.001). However, 

Table 3  Summary of fixed and 
random parameter estimates 
for the final generalized linear 
mixed model for the proportion 
of time focal oryx spent moving

The final model included the fixed effects (1) minimum personal space, (2) standard deviation in personal 
space, (3) minimum relative position, (4) standard deviation in relative position, and (5) individual identity. 
Estimated coefficients for individual identity are offsets from “Savannah”, the oryx that exhibited the mean 
proportion locomoting closest to the group-level mean. The final model also included an autoregressive 
covariance structure of order 1 (AR1) within repeated measures of individuals, to account for temporal 
autocorrelation across observations

Proportion Moving

Predictors Estimates CI p

(Intercept) 0.32 0.19–0.52 <0.001
Minimum Personal Space 0.68 0.56–0.83 <0.001
Std Deviation in Personal Space 1.24 1.05–1.46 0.013
Minimum Relative Position 0.63 0.50–0.80 <0.001
Std Deviation in Relative Position 1.15 0.98–1.36 0.089
Cat 1.29 0.63–2.66 0.489
Esmeralda 2.49 1.24–5.01 0.011
Nancy 1.37 0.66–2.83 0.4
Rizzo 1.24 0.49–3.16 0.653
Ruby 1.44 0.80–2.60 0.653
Short Horns 1.97 1.02–3.81 0.045
Nsubject 7
Observations 283
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Fig. 6  Response curves and parameter estimates for the final model 
for oryx movement. The variables minimum personal space, stand-
ard deviation in personal space, minimum relative position, standard 
deviation in relative position, and individual identity most strongly 
influenced the proportions of time focal oryx spent moving. Because 

individual identity has relatively few levels (7), it was included as a 
fixed effect. Estimated coefficients for individual identity are offsets 
from “Savannah”, the oryx that exhibited the mean proportion mov-
ing closest to the group-level mean

Table 4  Summary of fixed and 
random parameter estimates for 
final generalized linear mixed 
model for oryx head-up postures

The final model included the fixed effects (1) standard deviation in personal space, (2) standard deviation in 
relative position, and (3) individual identity. Estimated coefficients for individual identity are offsets from 
“Cat”, the oryx that exhibited the mean proportion of head-up postures closest to the group mean. The final 
model also included an autoregressive covariance structure of order 1 (AR1) within repeated measures of 
individuals, to account for temporal autocorrelation across observations

Proportion head-up postures

Predictors Estimates CI p

(Intercept) 0.62 0.41–0.92 0.017
Std Deviation in Personal Space 1.39 1.17–1.66 <0.001
Std Deviation in Relative Position 1.18 1.00–1.38 0.047
Esmeralda 0.56 0.32–0.96 0.036
Nancy 1.01 0.56–1.80 0.978
Rizzo 3.88 1.77–8.52 0.001
Ruby 0.63 0.36–1.10 0.104
Savannah 0.47 0.27–0.83 0.01
Short Horns 0.98 0.57–1.69 0.932
Nsubject 7
Observations 283
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this disparity faded when social context was accounted for: no 
individual-level attributes exhibited significant relationships 
with the prevalence of head-up postures in GLMMs. Instead, 
focal oryx behavior again exhibited strong relationships with 
variation in social context (Fig. 7). As variation in the num-
ber and spatial distribution of nearby conspecifics increased, 
oryx spent a greater proportion of time with their head raised, 
potentially observing their social environment. The final model 
achieved a RMSE equivalent to a change of 0.03 in the propor-
tion of head-up behaviors observed in a 6-s interval, a 17% 
improvement over the null model. Predicted values from the 
final model achieved a correlation of 0.68 with observed head-
up proportions, compared to 0.41 in the null model. When 
social context was accounted for, several oryx exhibited indi-
vidual-specific variation in vigilance behaviors—especially 
“Rizzo”, which exhibited strikingly greater head-up posture 
than expected, based on her social environment, and “Savan-
nah”, which exhibited the opposite trend.

Overall, both the PCA and GLMMs indicated strong rela-
tionships between changing social context and individual 

behavior. Variation in relative position and/or personal space 
significantly influenced both movement and head-up pos-
tures, with larger standard deviations associated with more 
movement and head-up postures. When social context was 
accounted for, oryx exhibited differentiable responses when 
traversing the novel environment, as indicated by the signifi-
cance of individual identity in both models, and the spread 
and clustering of focal oryx in the PCA.

Discussion

Animal personality traits affect an individual’s ability to 
compete for resources, evade predators, and assert social 
dominance (Réale and Festa-Bianchet 2003; Dingemanse 
et al. 2004; Dingemanse and Réale 2005). Growing evi-
dence indicates that animal personality may also have direct 
implications for the success of conservation translocations. 
For example, bolder captive-born Tasmanian devils were 

Fig. 7  Response curves and 
parameter estimates for the 
final model for oryx head-up 
postures. Standard deviation in 
personal space, standard devia-
tion in relative position, and 
individual identity most strongly 
influenced the proportions of 
time focal oryx spent in head-up 
postures. Estimated coefficients 
for individual identity reflect 
offsets from “Cat”, the oryx that 
exhibited the mean proportion 
of head-up postures closest to 
the group-level mean
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the only individuals that survived release (Sinn et al. 2014; 
Blake et al. 2018), and more exploratory juvenile desert 
tortoises exhibited higher survival rates after translocation 
(Germano et al. 2017). Linkages between personality traits 
and translocation outcomes may also be nuanced: post-
release survival in translocated European mink was posi-
tively related to boldness in all years, but positively related 
to exploration in only some years (Haage et al. 2017). Ani-
mal personality assessments may thus, be a valuable tool 
for improving translocation outcomes, by identifying the 
most suitable individuals to release in a given environment. 
However, personality assessment methods typically evaluate 
one isolated individual at a time—even for social species 
that are rarely isolated from conspecifics in nature, and for 
which social isolation may cause stress that could confound 
test results (Sibbald et al. 2009; Perez et al. 2012). In this 
study, we proposed a method to measure spatial neophobia 
(i.e., latency to enter) and exploration (i.e., movement and 
posture after entering) for a group of social ungulates, using 
aerial footage to minimize invasiveness and disruption to 
animal management operations, and using social context 
variables to account for the likely influence of dynamic 
social cues on focal animal responses.

Our exploratory PCA indicated multiple variables of rel-
evance and verified that the method presented here may be 
a promising approach to differentiate individuals during a 
novel environment test under shifting social contexts. The 
first principal component reflected caution or vigilance, with 
strong positive loadings for a summary metric for vigilance, 
time spent in head-up postures, and variation in movement 
(Fig. 5). The last three focal oryx to enter the enclosure, 
“Cat”, “Rizzo”, and “Nancy”, were high on this component: 
all were also described as “flighty” or reactive by animal 
care personnel, and spent comparatively more time in head-
up postures, as indicated by both the overall proportion of 
time spent with head up, and a summary metric of vigilance. 
“Savannah”, “Esmeralda”, and “Short Horns” were the first 
focal oryx to enter the enclosure, and both “Savannah” and 
“Esmeralda” (though not “Short Horns”) were described as 
“calm” by animal care personnel.

The second principal component reflected variation in 
the animal’s social context, latency, and age: it contained 
positive loadings for standard deviation in relative 
position, standard deviation in personal space, and age, 
and a strong negative loading for latency. At one extreme 
of this component were two of the oldest individuals that 
maintained positions at the front of groups, “Short Horns” 
and “Rizzo” (Fig. 4). Notably, “Short Horns” was the first to 
enter the novel environment and was later joined by others, 
while “Rizzo” spent a large proportion of time standing still 
with her head up (Fig. 4) as other oryx moved around her. 
Both of these oryx experienced high variation in their social 

environment, either as a result of their own movement, or 
the movements of nearby conspecifics. At the other extreme 
of PC2, “Savannah” and “Nancy” were more constant in 
relative position and personal space throughout the trial—
and were also the two youngest oryx analyzed.

Our final generalized linear mixed models (GLMMs) con-
firmed these interpretations of PCA dimensions, as well as 
our prediction that social context affects individual behavior: 
larger variation in relative position and/or personal space 
was generally associated with increased movement and 
head-up postures. Variation in an oryx’s social environment 
reflects the level of social turnover an individual experiences 
while making behavioral decisions—which are especially 
critical in a novel environment. For example, frequent exit-
ing and entering of conspecifics in an oryx’s personal space, 
or many changes in an oryx’s relative position due to fluctu-
ating spatial distribution of the herd, may prompt an oryx to 
observe its social environment in greater detail (i.e., main-
tain head-up posture) or react (i.e., move). Explicitly includ-
ing predictor variables that capture aspects of an animal’s 
social environment accounts for such behavioral influences 
beyond the novel environment itself, helping to isolate other 
behavioral responses that may be of greater interest.

The fixed effects for individual identity included in our 
final GLMMs also confirmed the patterns of intraspecific 
variation apparent in the PCA. “Savannah” scored low on 
both PC1 (caution / vigilance) and PC2 (social context vari-
ability / latency / age), and received low coefficient estimates 
in both final models, indicating generally low prevalence of 
movement and head-up postures. In some cases, combining 
PCA and GLMMs enabled nuanced interpretations of focal 
animal tendencies. For example, “Short Horns” and “Esmer-
alda” both experienced high social variation, reflected in 
their position on PC2. However, their high individual coef-
ficient estimates in the model for movement identify a ten-
dency for high movement distinct from high social variabil-
ity—especially for “Esmeralda”, a hand-raised individual 
noted as particularly calm by animal care personnel.

This case study presents a promising first application of 
a streamlined novel environment test to assess behavioral 
responses in a social setting; however, it has several 
limitations. First, it represents a single observation of a 
single captive population. Future applications should aim for 
multiple replications (Dall and Griffith 2014), particularly if 
the objective is to characterize personality, which requires 
multiple trials to establish consistency (Greggor et al. 2015). 
Second, we considered relatively coarse response and 
explanatory variables. Finer-resolution variables, such as 
more specific behavioral states (e.g., stress-related behaviors 
such as head-tossing or elevated ear- or tail-twitching, or 
social behaviors such as displacement or threat displays) 
and other social context variables that are distinguishable 
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in aerial footage (e.g., distance or directionality to dominant 
individuals), may enable more detailed evaluations of 
behavioral responses to a novel environment. Third, we 
used a Helikite and a camera with an advanced gyroscope 
to collect aerial imagery. While aerostats provide a non-
invasive, noiseless platform with unlimited flight time, other 
readily accessible, maneuverable, and cost-effective options 
are available. Video footage with a similar perspective and 
wide field of view may be obtained with an unmanned 
aerial vehicle (i.e., a drone), or by an external observer in 
an elevated location (e.g., an observation tower). Finally, 
though no focal animals had accessed the experimental 
pasture in three months, the pasture used in this study was 
not strictly novel. We present these methods to develop and 
refine novel environment tests under conditions common to 
many captive institutions, and emphasize that the behavioral 
findings in this case study should be interpreted cautiously.

Despite these limitations, the methods presented here 
highlight emerging considerations for advancing conserva-
tion translocation protocols. First, response variables in spa-
tial neophobia and exploration assessments should directly 
translate to fitness-related behaviors (i.e., obtaining food) 
and potential trade-offs with other essential behaviors (i.e., 
finding refuge and caring for offspring). Such decisions 
may be critical during the period immediately after release, 
when translocated animals must explore a novel environment 
and identify areas with sufficient resources to ensure their 
survival. Second, while personality traits like neophobia 
and exploration are, by definition, relatively consistent for 
each individual, some plasticity and variation across social 
contexts are expected (Webster and Ward 2011). Repeated 
assessments in the presence of conspecifics, using variables 
that explicitly characterize social context, would quantify 
this range of variation.

Third, previous studies on animal collective behavior 
indicate that particularly dominant, active, or exploratory 
individuals may influence the behavior of an entire group 
(King et al. 2018). Measuring animal personality traits may, 
thus, be particularly valuable when assembling a reintroduc-
tion cohort. Bolder or more exploratory individuals may be 
more likely to leave an existing group (Kurvers et al. 2012; 
Aplin et al. 2013), and groups with bold individuals may be 
more likely to split into sub-groups (Michelena et al. 2009). 
In contrast, groups with a majority of shy individuals may 
stay closer together, and explore or disperse over smaller 
distances (Sibbald et al. 2009). Existing relationships within 
focal groups (e.g., how central an individual is to their social 
network, or where they sit on a dominance hierarchy) may 
also explain individual behavior in novel environments and 
may, thus, enrich such assessments. Managers could utilize 

information gained from replicate personality assessments 
of candidate animals, combined with knowledge of animal 
social relationships, to construct reintroduction cohorts with 
a mix of traits designed to maximize post-release survival 
and long-term success in a particular reintroduction envi-
ronment (Watters and Meehan 2007; Delgado et al. 2018).

In addition to the methods described here, other technolo-
gies are expanding the capacity to efficiently and precisely 
analyze the movement and behavior of animal groups. For 
example, open-source tools for machine learning can auto-
matically extract fine-scale information on multiple animal 
trajectories, yielding insights into the social and environ-
mental forces that drive the movement of animal groups 
(Hughey et al. 2018; Torney et al. 2018). One computer 
vision toolkit can reliably measure the orientation and pos-
ture of multiple interacting individuals from a wide range of 
taxa (Graving et al. 2019). High-resolution GPS tracking and 
advances in quantitative analysis of animal movement data 
have revealed high-resolution social networks, and quan-
tified the dynamics of collective decision-making under 
natural conditions (Jacoby and Freeman 2016; Snijders 
et al. 2017; Westley et al. 2018). Together, these develop-
ments may streamline pre-release assessments, post-release 
monitoring, and targeted surveillance, to fully integrate the 
study of animal behavior and personality with conservation 
outcomes.

To advance these goals, we demonstrated a minimally 
invasive, replicable approach to assessing spatial neophobia 
and exploration in a group setting, while accounting for the 
effects of social context. Overall, social context variables had 
strong, positive effects on the prevalence of head-up postures 
and movement, upholding our initial expectation while dem-
onstrating that individual-level behavioral tendencies may 
be extracted from novel environment tests in a group set-
ting. Ultimately, post-release monitoring efforts that track 
the relationships among survival, productivity, and different 
behavioral traits will be necessary to assess the application 
and effectiveness of these methods under natural conditions. 
GPS tracking will continue to be an important tool for meas-
uring individual- and group-level home range sizes, dispersal 
distances, and survival. Similarly, observations collected by 
in situ monitoring teams, drones, or camera traps will be 
needed to reveal how individual behavioral traits affect body 
condition, social status, and integration with resident popula-
tions. We encourage further developments along this path, to 
enable conservation managers and decision-makers to lever-
age insights from animal behavior to improve outcomes for 
reintroductions and other translocation programs.
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Appendix

See Appendix Fig. A1 and Table A1.
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