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ABSTRACT ARTICLE HISTORY
Maintaining high animal welfare in zoos is a persistent concern for practi- Received 14 September 2024
tioners and regulators, yet assessing welfare remains challenging. Welfare Accepted 12 March 2025
assessment techniques should be rapid and noninvasive, as traditional
methods are often invasive, time-consuming, or costly. Qualitative Rhino: _—

. . . . . ino; qualitative
Behavioral Assessment (QBA) is a promising alternative to ethograms. This behavioural assessment;
study evaluated QBA’s usefulness in assessing behavior in ten captive black  othogram: generalized linear
rhinos in a UK zoo by comparing it with ethogram data. QBA descriptors latent variable model;
meaningfully overlapped with ethogram behaviors, for example, agonistic welfare assessment
behaviors like horn clash aligned with Angry, Startled, and Nervous, while
playful behaviors like head fling matched Lively and Excited. Correlations
emerged between techniques; for instance, naso-nasal greeting and envir-
onmental investigation correlated with Active and Interested, while tactile
contact negatively correlated with Angry and Nervous. Individual rhinos
accounted for ~35% of (co)variation, with coefficient plots identifying sig-
nificant key ethogram behaviors/QBA descriptors. The strong overlap within
a joint model suggests QBA is a valuable welfare assessment tool that
complements ethogram data collection for this species.

KEYWORDS

Introduction

In recent years zoos have redefined their role to try to focus on education, research, and the support
of biodiversity conservation, while remaining attractive to paying visitors (Carr & Cohen, 2011;
EAZA Executive Office, 2013). The value to biodiversity conservation of captive-breeding in zoos is
under increasing scrutiny (Alroy, 2015; Brichieri-Colombi et al., 2019; Conde et al., 2013; Lees &
Wilcken, 2009) and the challenges of maintaining high levels of animal welfare in zoos have been of
mounting concern (Hosey, 2005; Melfi, 2009; Spooner et al., 2021; Yon et al.,, 2019). Therefore, the
need to assess welfare within zoos has become pertinent (Ward et al., 2018).

Welfare assessment techniques should be rapid and noninvasive to minimize disturbance and
stress to the animal (Wolfensohn et al., 2018; Yon et al., 2019). While physiological parameters such
as stress hormone levels in blood or feces can provide insights into welfare status, these methods are
often invasive, require specialized equipment, and can be costly and time consuming (Palme, 2019).
However, welfare is not solely determined by the absence of stress or negative experiences but also
by the presence of positive experiences, which contribute to overall well-being (Dawkins, 2004;
Temple et al., 2011; Watters, 2014; Yon et al., 2019). Behavioral assessments, including qualitative
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behavioral assessment (QBA), have the advantage of capturing both negative and positive welfare
indicators, providing a more holistic understanding of an animal’s welfare state.

Quantitative behavioral assessments using predefined ethograms for species’ behaviors are uti-
lized to determine the variety, and frequency, of different behavior types, which are then used to
determine welfare status (Binding et al., 2020). However, quantitative behavior studies are time
consuming and require substantial data collection to accurately surmise welfare status (Williams
et al.,, 2012).

Qualitative Behavioral Assessment (QBA) is a methodology centered around the interpretation
of the expressive quality of behavior of the “whole animal” and its dynamic interaction to the
surrounding environment using descriptors such as “calm” or “active” (Wemelsfelder & Lawrence,
2001; Wemelsfelder et al., 2000). The use of such descriptors, along with secondary indicators such
as environmental context, physiological measures, or behavioral patterns, has the potential to
determine welfare state allowing for interpretation of the animal’s “mood” rather than just the
activities it performs (Napolitano et al., 2012). This assessment technique relies heavily on the
observer’s ability to appropriately assess the body language of the animal in question and has long
been criticized by skeptics as being too anthropomorphic (Wemelsfelder et al., 2001).
Notwithstanding, when contrasted with quantitative behavioral assessment, QBA has the potential
to complement knowledge about an animal’s welfare state accurately. Due to the requirement of
vast amounts of data prior to determining welfare status when utilizing quantitative methods,
behaviors of small frequency may potentially become inconsequential during statistical analysis
(Walker et al., 2016), despite such behaviors being potentially of paramount importance for
interpretation of welfare status. QBA has been proven to allow for rapid and effective welfare
assessment for domesticated animal species (Napolitano et al., 2008; Carreras et al., 2016; Ellingsen
et al., 2014; Grosso et al, 2016; Walker et al., 2016), and for measuring welfare indicators of
captive giraffe (Patel et al., 2019), brown and polar bear (Skovlund et al., 2023; Stagni et al., 2022),
bonobo (Laméris et al., 2024) and of both wild and captive elephant (Wemelsfelder et al., 2010;
Yon et al, 2019).

Our study documents, to the best of our knowledge, the first use of QBA in captive black
rhinoceros (Diceros bicornis). Rhino populations have been under threat in the wild due to sustained
high levels of poaching for many decades. Whilst the initial plummet in population numbers from
the 1960s led to the black rhino being listed as critically endangered on the IUCN red list (Oginah
et al., 2020; Otiende et al., 2015; van Coeverden de Groot et al., 2011), continued conservation efforts
have resulted in an increase in black rhino numbers in recent years (le Roex & Ferreira, 2020).
However, the recovering populations remain largely isolated, with future conservation efforts look-
ing to move toward increased translocation of individuals to promote gene flow in geographically
isolated populations (Fyumagwa & Nyahongo, 2010; Oginah et al., 2020; Stanbridge, 2020). Such
translocations have previously included captive bred individuals (Fitzjohn, 2013; King & Beer, 2018).

However, historically, there has been limited success for the captive breeding efforts for black
rhino, with the European captive population underperforming on all measures of reproduction when
compared to wild managed populations, and only 41 of the 135 wild-caught founder individuals
having contributed to the current population (Edwards et al., 2015). Moreover, the species is prone
to developing diseases associated with difficulties meeting their dietary needs in captivity which are
not evident in their wild counterparts (Ricketts et al., 2021). High mortality rates and low repro-
ductive rates in captive rhinos have also been suggested to be linked to stress (Carlstead & Brown,
2005). Rapid welfare assessment for this species may therefore prove valuable in supporting
successful husbandry within captivity.

Our study examines how QBA and ethogram-based behavioral methods compare in assessing the
welfare of captive black rhinos. Specifically, we explore their similarities and differences, considering
how each method captures behavioral expression and welfare indicators. By doing so, we aim to
provide practitioners with insights into the applicability of these approaches for different welfare
assessment contexts.
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Materials and methods
Housing and animals

This study was carried out at Port Lympne Reserve, UK. Ten (10) eastern black rhinos were involved
in this study, including one bull, seven cows (two of which were in calf) and two calves. The rhinos
were managed through a variety of housing conditions, including solitarily, mixed species exhibits,
female only herds and mother-offspring pairings (mean age of cows=17.6 +10.1 years, bull =17
years, calves <1 year).

The eight enclosures used for observation varied in size from 0.11 to 3.22 ha, plus addi-
tional indoor housing. Rhino distribution across the enclosures varied over time. All outdoor
enclosures predominantly consisted of grassy substrates. The largest of the enclosures con-
tained both longer grass and a variety of tree species allowing for potential grazing and visual
barriers. Indoor housing consisted of concrete flooring covered with both hay and straw. All
rhinos were fed twice daily, between 09:00-10:00 and 16:00-17:00. Feed included Lucerne
(20-25 kg per individual), and a variety of tree branches, fruits, vegetables, and pellets. During
the study, the enclosure conditions were varied due to husbandry purposes. These included
the movement of the bull in with a cheetah (Acinonyx jubatus) for a single day, the movement
of the female herd between two adjacent enclosures to regularly allow for cleaning, and the
alternation of the two mother-offspring pairs between a large (1.73 ha) and small (0.11 ha)
enclosure. These changes were made independently of this study and determined by zoo staff.
Opening hours of the zoo were 09:30-18:30, however, due to the positioning of enclosures not
all rhino observed were directly exposed to the public. Where possible, variation between the
husbandry of each rhino was kept to a minimum, however, the inconsistencies between
housing conditions and movement of rhino between paddocks outside of their usual routine
may have impacted behavior exhibited and recorded. Because QBA strongly relies on an
observer’s positioning in, and perspective of, a situation, such changes and differences between
husbandry conditions and animal bio-data (such as sex and age) may have skewed perceived
“emotional states” during data collection. However, such limitations could be argued to be
present for any, and all, QBA use and as such it was rationalized that the aforementioned
uncontrollable factors did not significantly increase the limitations previously documented in
the use of QBA for previous studies.

Behavioral observation method

Ethogram and QBA categories are detailed in Table 1. Data collection occurred between 5 and -
June 16 2017, with observations occurring between 08:30 and 17:30. Each individual was observed
thrice daily between 08:30-10:30, 12:00-14:00 and 15:30-17:30. During each observational period for
each rhino, 5 min of QBA was carried out followed by 5 min of quantitative behavioral assessment
(ETG), with behaviors determined using an ethogram.

A single observer recorded rhino behavior throughout the study. QBA scoring terms were
determined through a pilot study designed to assess the applicability of different behavioral descrip-
tors for black rhinos. During this pilot phase, various behavioral expressions were observed and
evaluated for their relevance in welfare assessment. The following QBA descriptors were identified as
useful: Active, Alert, Angry, Anxious, Bold, Calm, Comfortable, Content, Dominant, Excited,
Grumpy, Happy, Inquisitive, Interested, Lively, Nervous, Niggling, Relaxed, Resigned, Scared,
Sociable, and Startled.

Each of these terms was assigned a 12.5 cm visual analogue scale (VAS), with endpoints repre-
senting the “minimum” and “maximum” intensity of the behavior. In the main study, following each
5-minute behavioral observation, the observer placed a single mark on the VAS to indicate the
degree to which the behavior was expressed. The distance from the minimum marker was measured
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Table 1. Ethogram and QBA utilized. Ethogram details adapted from Owen-Smith (1973) and the works of Cinkové and Bicik
(2013), Mueller et al. (2013) and Metrione et al. (2007). Social behaviors grouped as Agonistic/Cohesive/Playful to enhance cross-
contrast interpretation. Solitary behaviors are distinguishable from each other.

Behaviour Abbreviation Description
Solitary Behaviours
Browsing BRW Ingestion of food from either trees or bushes
Defecation DEF Up-curled tail with elimination of feces from the body
Digging DIG Horn, feet, or nose are used to manipulate substrate
Drinking DRK Ingestion of water
Environmental EIV Manipulation of the natural environment with horn, feet, or nose
Investigation
Flehmen FLM Prehensile lip is curled dorsally with head raised
Foot Scrape FTS Alternating flicking of hind legs to scatter dung
Grazing GRZ Ingestion of food either in the form of hay, pellets, or grass
Lying Down LDN Animal asleep or maintaining body position with thorax in direct contact with the ground
Object o Manipulation of enrichment items with horn, feet, or nose
Investigation
Recumbency REC Process of lying down
Rising RIS Animal raises body from the ground to standing position
Rubbing RUB Body or horn repeatedly rubbed against an object in the environment
Running RUN Fast locomotion, usually occurs after alarm
Scent Marking SCM A spray or burst of urine
Standing STD Animal remains stationary for 5 seconds or longer
Stereotypic Pacing  STP Repetitive locomotion along the same route for 10 seconds or longer
Swaying SWY Weight is repeatedly transferred between forelimbs while hindlimbs remain stationary for
5 seconds or longer
Urination URI Up-curled tail with elimination of urine from the body
Walking WLK Steady locomotion from one place to another
Wallowing WAL Body is fully or partially submerged in mud
Social Behaviours
Advancing Steps AST Agonistic; Rapid locomotion toward another animal over a short distance
Charging CHA Agonistic; One animal quickly advances toward another with the intent to intimidate
Ears Pinned Back EPB Agonistic; Ears flat against the back of the head, head thrust forward
Following FOL Cohesive; One animal follows in the direction of travel of another
Head Flings HFL Playful; Head is swung rapidly upwards and downwards
Horn Clash HCL Agonistic; Horn hit against the side of another animal
Naso-nasal NAS Cohesive; Slow movements resulting in the touching of noses
Greeting
Pant PAN Cohesive; High-pitched, chesty exhalation
Play Horn Wrestling PHW Playful; Horns used in play with another animal
Side Presenting SPR Cohesive; Side turned toward another animal, head held low — to appease another
Snort SNT Agonistic; Sharp exhalation from nose
Submission SUB Cohesive; Animal slowly backs away from another animal
Suckling SucC Cohesive; Infant feeding from mother
Tactile Contact TCO Cohesive contact between two or more animals
QBA Behaviours
Active ACT Exhibiting high levels of movement or engagement with surroundings
Alert ALT Focused awareness of the environment, often with raised head and ears forward
Angry ANG Displaying frustration or agitation, often with tense posture
Anxious ANX Showing signs of unease, often characterized by vigilance or avoidance behavior
Bold BLD Confident and exploratory interactions with the environment
Calm M Relaxed and at ease with surroundings
Comfortable CFT Displaying physical contentment and lack of distress such as a relaxed posture, stretching,
or calmly engaging with surroundings
Content CNT Appearing emotionally satisfied and at ease in the environment such as steady
engagement in routine activities, lack of agitation, and an overall demeanor of ease
Dominant DOM Assertive interactions with conspecifics, often taking priority in access to resources
Excited EXC Heightened energy, often accompanied by rapid movements or increased social
interactions
Grumpy GRM Displaying mild irritation or reluctance to engage
Happy HAP Positive engagement with surroundings, often with relaxed posture and interactive
behavior
Inquisitive INQ Curious and exploratory behavior directed toward the environment or conspecifics
Interested INT Focused engagement with objects, environment, or social partners
Lively LIV High-energy movements or behaviors

(Continued)
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Table 1. (Continued).

Behaviour Abbreviation Description

Nervous NRV Signs of apprehension, including frequent scanning or withdrawal behaviors

Niggling NIG Minor irritation or discomfort expressed through subtle movements or vocalisations
Relaxed RLX Low-tension posture and absence of stress indicators

Resigned RSG Passive, withdrawn behavior, often appearing indifferent to surroundings

Scared SCR Displaying fear responses such as freezing, retreating, or startle reactions

Sociable SocC Engaging in positive social interactions with conspecifics

Startled STL Sudden reaction to an unexpected stimulus, often accompanied by a brief freeze or jump

Table 2. Breakdown of time spent conducting data collection for each rhino. Discrepancies in observational times were primarily
due to the rhino being out of sight, either inside (for those with indoor housing) or in an area of the enclosure with no clear
visibility. For such instances, data collection was omitted.

Total number of

QBA Total time spent for Total number of Total time spent for Total number of Total

observation QBA data collection ETG observation ETG data collection  observation slots for  observation

Rhino slots (mins) slots (mins) both QBA and ETG time (mins)
Arusha 23 115 23 115 46 230
Kisima 35 175 35 175 70 350
Nyasa 33 165 34 170 67 335
Nyota 36 180 36 180 72 360
Ruaha 36 180 36 180 72 360
Rukuru 32 165 34 170 66 335
Sammy 36 180 36 180 72 360
Solio 35 175 35 175 70 350
Vuyu 36 180 36 180 72 360
Zuri 36 180 36 180 72 360
Total 338 1695 341 1705 670 3400

in millimeters to generate a quantitative score for each behavior. This approach allowed for a direct
comparison of QBA scores with ethogram-based (ETG) behavioral data.

Following QBA data collection, ETG data was recorded for an additional 5minutes by focal
continuous sampling. The duration of each observed behavior was measured in seconds, allowing for
precise quantification. When multiple behaviors occurred simultaneously (e.g., SNT and CHA), each
was recorded independently. Observations were conducted in 2-hour time slots, with a 20-minute
allowance for movement between paddocks. The order in which individual rhinos were observed was
systematically rotated to ensure a representative cross section of behavioral data across each 2-hour
period. This procedure was repeated for all three daily observation time slots. For each time slot,
environmental variables including temperature, wind speed, and weather condition were recorded
prior to observations. The observation schedule is detailed in Table 2. These systematic methods
were designed to ensure that the collected data would be robust and reflective of the rhinos’
behavioral variation under different conditions.

Data analysis

Generalized Linear Latent Variable Models (gllvm) in the package gllvm (Niku, Brooks, Herliansyah,
Hui, Taskinen, & Warton, 2019) were used to contrast response differences between QBA and ETG
behavioral scoring for individual rhinos. gllvm extend basic generalized linear models on multi-
variate data using a factor analytic approach by incorporating latent variables to combine values with
factor loadings that model correlation between responses. These latent variables have a natural
interpretation as ordination axes and can predict new values, control for known variables, and assist
model selection (Hui et al., 2015, 2017).
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The rhino multivariate behavior dataset herein was constructed as a matrix with n rows (indivi-
dual rhinos) and m columns of behavior responses (QBA/ETG) for each behavior observation
session. The gllvim regressed the mean behavior uij against individual rhinos as variables and
a vector of d<md<m latent variables, ui = (u;,. . ..,u;3)’;

g(uij) = nij = ai + POj + x/i Bj + wi 6],
where g(.) is a known link function, u'i are d-variate latent variables (d<md<m) with d representing
the number of latent dimensional spaces based on AIC fit, md representing intermediate dimensions
applied to covariates and m total number of behavioral observations, ai is an optional row effect at
behavior i that can be either fixed or a random effect, 80j is an intercept term for an individual rhino
j, and Bj and 6j are column-specific coefficients related to covariates and latent variables,
respectively.

Models were fitted to both Poisson and Negative Binomial families, implemented using package
TMB (Kristensen et al., 2016), and applied to variational approximation (Hui et al., 2017). Package
gllvm deploys factor analysis on Dunn-Smyth residuals to obtain starting values close to an
anticipated solution. Dunn-Smyth residuals and quantile (Q-Q) plots were used to inspect model
fit for both families. Best model fit was also assessed using BIC and AIC, and then used BIC selection
with a for-loop iteration to identify the most suitable number of latent variables to be used for the
models. gllvm fit can be sensitive to choice of initial latent variable values as they are unobserved.
This limitation was overcome by integrating values and maximizing approximation to the log-
likelihood. Models were cycled multiple times with a best of five run routines and the highest log-
likelihood value selected out for different distribution families (Niku, Brooks, Herliansyah, Hui,
Taskinen, Warton, & Li, 2019).

Latent variables induce correlation across response variables and provide estimation of correla-
tion patterns, and the extent to which these are explainable by variables. In gllvm correlations are
stored as factor loadings. The getResidualCor function was used to estimate correlation of the linear
predictors across behaviors and visualized using package corrplot (Wei & Simko, 2017). The
getResidualCov function in gllvm was utilized to quantify (co)variation by individual rhinos.
Specifically, trace of the residual covariance matrix was used as a measure of such unexplained
variation in the model. The ratio of the trace suggested the percentage of (co)variation across
behaviors.

A strong residual covariance/correlation between factors can be interpreted as evidence of
autocorrelation in a model, however, appreciable levels have been recognized as indicative of an
interaction/association (Pollock et al., 2014). The residual precision matrix in gllvm can be used to
directly identify association between factors (e.g., in our case rhino behaviors) (Ovaskainen et al.,
2016). Two factors exhibiting a zero result in such plots may remain correlated, indicating they do
not directly interact, but can also remain correlated because they co-occurred. Residual precision
matrix results preferably should not exhibit elements equal to exactly 1 or —1 (suggesting strong
autocorrelation). Nevertheless, relatively large values between these limits of precision imply a useful
indication of a correlated relationship between two factors. Consequently, residual correlations in
gllvm are expressed combined with latent variables and are effectively a “fuller” picture of natural
correlation between variables in the model.

Application of analyses

In this study, relationships between response factors and predictors were interpreted from combined
components derived from the model; correlation of latent variable factors between response vari-
ables, ordination clustering of response factors, and coefficients of response factors and their
predictor interactions. The ordination cluster plots were created using the ordiplot function in
package gllvm whilst the estimated coefficients for predictors, and their confidence intervals, were
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plotted using the coefplot function to reveal the nature of the two behavioral scoring methods (QBA/
ETG) and variation of these results for, and between, each rhino studied.

Results
Behavioural observation

A total of 338 observation sessions were completed during this study (Table 2), totaling 1,695
minutes of QBA and 1,705 minutes of ETG data collection. From this, 22 QBA descriptors and 35
ETG behaviors were analyzed.

Model fitting

The data comprised both QBA and ETG for ten individual rhinos (N =10). Two types of model
(model 1 and 2) fitted successfully. The first (1) was an unconstrained ordination of the behavior
variables fitted with two latent variables and no predictors. The second fitted model (2) included
individual rhinos as predictor variables in the model, in order to study their effects on behaviors, and
patterns of behavioral co-occurrence after controlling for individuals.

Both models were fitted using Poisson first and then Negative Binomial (NB) families. Inspecting the
plots of residuals against fitted values revealed some evidence for over-dispersion in both Poisson models
evidenced by typical fan-shaped plot. NB was visually a better fit and reduced over-dispersion
(Supplementary Material; Figs. Sla/b). BIC and AIC values confirmed NB was a better fit
(Supplementary Material; Table S1). The for-loop iteration utilized BIC values and recommended N =
2 latent variables as appropriate (Supplementary Material; Fig. S2). We elected to proceed using NB family
as Dunn-Smyth residuals presented a more robust picture of the data being approximately normal.

Model correlation

Proceeding with NB, we then used the getResidualCor function in gllvm to plot a full matrix
correlation of all QBA and ETG variables for both NB models (1/2). We inspected correlation
using the adjust= command in gllvm and found adjust =2 to reduce correlation greatest across the
model compared with adjust=1 (Figure 1). Tracing the residual covariance matrix in model 2
revealed individual rhinos were responsible for ~35% of (co)variation in the model.

Ordination plotting

Models 1 and 2 were plotted in NB using ordiplot, reducing the alpha option to 0.01 in the plot to
avoid overcrowding of nameplates. We plotted latent variables in a separate ordination to show their
related spread through each model Figure 2(a,b). Ordinations indicated clustering of some behaviors
with a spread of division between QBA and ETG that mostly reflected behaviors that naturally
contrasted.

Coefficient interpretation

Coeftficient plots were derived from NB model 2 and included the intercept utilized for one of
the rhinos. Plots show clearly the different behaviors expressed significantly both positively
and negatively for each rhino Figure 3(a,b); Supplementary Material; Figure. S5c-j). Rhinos
exhibited some behaviors common across individuals, for example BRW, RIS and FOL, while
others were more specific to individual animals, for example Alert for Nyasa and NAS for
Kisima. Some rhinos shared behavioral traits such as Happy for Zuri and Rukuru. These
findings set the stage for a deeper discussion on the implications of QBA as a welfare
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Figure 1. Residual correlation plots; ordination model 1 with adjust =1 method (lower triangle) and adjust =2 (upper triangle).
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between paired behaviors. Abbreviated labels represent ETG, while fully spelled-out names correspond to QBA behaviors.

assessment tool. The observed correlations such as Happy, Calm, and Relaxed negatively
correlating with behaviors like Scared, Grumpy, and Resigned across the rhino group, com-

bined with individual-specific behaviors, raise important questions about the utility
applicability of QBA in different captive environments.

and
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Figure 2. a/b. Ordination plot for rhino behaviour from ordination model 1a and model 2b (adjust =2). Abbreviated labels
represent ETG, while fully spelled-out names correspond to QBA behaviours. Clustering of similar behaviours is evident across both
QBA and Ethogram.

Discussion

This study applied qualitative behavioral assessment (QBA) to captive black rhinoceros (Diceros
bicornis) to evaluate its effectiveness as a behavioral welfare assessment technique for the species. We
compared QBA with ethogram (ETG) data collected from ten rhinos at Port Lympne Reserve, using
a joint latent variable model. Clustering of QBA and ETG variables in the ordination plots Figure 2
(a,b) revealed structural similarities and overlap between the two behavioral methodologies.
Multivariate analysis further identified significant correlations, supporting the use of QBA as
a reliable welfare indicator for captive rhinos. The use of multivariate latent variable models in
organismal and behavioral research is gaining traction due to their ability to identify underlying
patterns and relationships in complex datasets (Jenner & Lewis, 2023; Lewis et al., 2021; Rice et al,,
2022). By integrating QBA and ETG data within a single framework, this approach allows for a more
comprehensive assessment of behavioral expression, making it a promising tool for refining welfare
evaluations in captive animal management.”

Behavioural interactions

Our results showed clustering between similar variables within a single behavioral technique,
showing relatedness between variables. For example, the QBA variables, Calm, Content,
Comfortable, Sociable and Relaxed are closely grouped, suggesting commonality in the occurrence
of these behaviors Figure 2(a,b). There was also clear overlap between QBA descriptors, for
example, Grumpy and Resigned; this overlap identified such behaviors as often occurring con-
currently and were scored with similar weighting by the observer Figure 2(a). Grouping can also
be seen between ETG behavior types (descriptions of each behavior in Table 1). Ears pinned back
(EPB), horn clash (HCL) and charging are all clustered, which given that they are all agonistic
behaviors is expected. However, overlap between contrasting behavior types Figure 2(b) such as
pant (PNT) and charge (CHA) may stem from the varying husbandry conditions of the rhino



10 (&) E. HUGHES ET AL.

observed. Mothers with calves were more likely to exhibit territorial behavior but also more likely
to show cohesive behavior to offspring, with PNT rarely being seen under solitary husbandry
conditions.

QBA and ETG equivalence

The QBA data overlapped meaningfully with the ETG data. For example, QBA behaviors Lively/
Interested are grouped with ETG behavior types naso-nasal greeting (NAS)/environmental investi-
gation (EIV), whilst QBA behaviors Angry/Scared/Startled/Nervous were all closely grouped with
ETG behaviors advancing steps (AST)/horn clash (HCL)/side presenting (SPR) (Figure 2(b)).
Overlap between such QBA descriptors and behaviors was largely unsurprising with agonistic or
submissive behaviors grouped with descriptions such as Angry and playful/cohesive behaviors linked
with descriptors such as Lively. This supports previous studies in which the use of both behavioral
methods can strengthen the data collected in animal behavioral research (Minero et al., 2009;
Rutherford et al., 2012; Walker et al., 2016).

Correlations between QBA and ETG data have previously been used to determine usefulness of
QBA as a welfare indicator in species (Arena et al., 2019; Rutherford et al., 2012; Walker et al., 2016;
Yon et al., 2019). The use of QBA to date has primarily occurred in domesticated species
(Napolitano et al., 2008; Carreras et al., 2016; Ellingsen et al., 2014; Grosso et al., 2016; Walker
et al., 2016), with its use for rhino previously being undocumented. However, Figure 1 shows clear
positive and negative correlation across and between both behavioral assessment techniques, which
further supports the overlap highlighted through clustering in the ordination plots. QBA behaviors
previously identified as clustering/overlapping in Figure 2a/b were also found to have strong
correlations (e.g., positive correlations between Calm/Comfortable/Relaxed and negative correlations
between Resigned/Startled/Grumpy). Angry had a strong positive correlation to advancing steps
(AST)/horn clash (HCL), whilst naso-nasal greeting (NAS)/environmental investigation (EIV) were
positively correlated to Active/Lively/Interested. Strong negative correlations between stereotypic
pacing (STP) and Calm/Relaxed/Content and a weak negative correlation between wallowing
(WAL)/digging (DIG) with Resigned can also be seen. Within Figure 3(a) there are also unexpected
correlations between ETG and QBA data. For example, head fling (HFL) and Anxious, or suckling
(SUC) and Dominant. Many of these unexpected correlations were removed with the change in
adjustment used to generate Figure 1, however weak correlations are still present between objectively
impassive factors such as grazing (GRZ)/walking (WLK) with Dominant/Bold. Overall, there is
overlap between agonistic behavior types with “negative” QBA descriptors and between cohesive/
play behavior types with “positive” QBA descriptors, supporting the use of QBA as a rapid welfare
assessment technique for captive wild animal species, as is routinely used in the agricultural industry
(Napolitano et al., 2012; Fleming et al., 2016; Grosso et al., 2016).

Individual rhino differences

Clear differences in the behavior displayed between individual rhino can be seen in Figure 3(a,b) and
Figures S5c-j. Whilst this may be due to the differing husbandry conditions of the animals in the
study, this may also be due to individual variation within each rhino. Figures S5c-j represent the
behavior displayed by the two calves, which exhibited behaviors specific to their age group (e.g.,
suckling (SUC)). However, they also exhibited increased cohesive behaviors compared to adult
individuals. For individuals kept solitarily such behaviors were unable to be displayed due to the
need of a counterpart. Individuals kept in smaller enclosures, as seen in Figures S5-d, S5-e and S5-i,
significantly displayed negative behaviors such as stereotypic pacing (STP) and swaying (SWY).
There are similarities in both significant positive and negative behaviors displayed within the
individuals of the female only herd (Figure 3(a) and S5c/g). Much of the significant behavior
identified is social, and a mix of both agonistic and cohesive behavior. Agonistic behavior, such as
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Figure 3. A/B. Coefficient plots from predictor model 2 for 2 x individual rhino behavior (QBA + ETG). The coefplot comprises point
estimates (crosses/ticks) for coefficients of variables and their 95% confidence intervals (lines). Those colored gray denote intervals
passing zero-crossing (not significant), and those black as non-zero crossing (significant) either positively (right of the 0 crossing)
signaling a positive association, or negatively (left of the 0 crossing) for a negative association. Abbreviated labels represent ETG,
while fully spelled-out names correspond to QBA behaviors. For further coefficient plots for individual rhino see supplementary
material.

charging (CHA) and ears pinned back (EPB), and territorial behaviors such as foot scrape (FTS),
were significant behaviors for the only male in this study (Fig. S5-f). Whilst this may signify
a difference in the behavior displayed between the sexes, the husbandry changes that occurred
during the study period, with the male being mixed with a cheetah for a single day, may have biased
the degree to which such behaviors are usually prevalent. Furthermore, some of these behaviors were
significantly exhibited by both the male and female calves, which again may dissuade the possibility
that these behaviors are significantly different between the sexes. The behaviors displayed by both
calves were more varied than the adults and may be representative of the calves exploring new
behaviors. Overall, individual rhinos were responsible for ~35% of (co)variation in the model with
many ambiguous behaviors such as grazing (GRZ)/standing (STD)/walking (WLK)/following (FOL)
and QBA descriptors such as Calm/Relaxed/Niggling/Interested largely being insignificant across all
individuals. However, coefficient plots were derived from the adjusted model, minimizing the degree
of correlation. Whilst this allows for the key significant variables to be identified, allowing for easier
interpretation, the coefficient plots generated may under different unadjusted modeling present an
even “fuller picture” using the present data.
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Limitations

The overlap between the two methodologies may have been strengthened if the data collection for
the two techniques occurred during exactly the same observation window. Previous studies, across
a range of species, have used filming to allow for review of behaviors displayed for both ETG and
QBA collection (Arena et al., 2019; Patel et al., 2019; Rutherford et al., 2012; Walker et al., 2016; Yon
et al., 2019). In this study, 5 minutes of QBA observation data collection followed by 5 minutes of
ETG observation data collection was used. Whilst the collection of QBA data prior to that of ETG
helped minimize bias for QBA scoring, the staggered data collection may have weakened the overlap
between the two behavioral techniques. Furthermore, only a single observer was used to collect data,
with no visual recording to allow for subsequent viewing by secondary observers. Whilst this ensured
consistent interpretation of scoring of all rhinos, it meant that QBA descriptors were dependent on
a single observer whereas usually a pool of observers may be used. Similarly, the data collection was
limited by the accessibility of study animals which did not allow for a control group or standardized
environment. Resultantly an unequal number of observations both between animals and in the
number of QBA vs ETG observations for the same animal were obtained due to some animals being
out of sight at allocated observation times.

Evaluating QBA and ETG

Overall, there is overlap between agonistic ETG behavior types with “negative” QBA descriptors and
between cohesive/play behavior types with “positive” QBA descriptors, supporting the use of QBA as
a welfare assessment technique for captive rhino, as is routinely used in the agricultural industry
(Fleming et al., 2016; Grosso et al., 2016; Napolitano et al., 2012; Wemelsfeder and Lawrence, 2010).
QBA data have the potential to be collected in frequent, short observation windows, allowing for
quick assessment of welfare without the need for large data sets and time-consuming data analysis
that is often inherent with ETG data collection (Williams et al., 2012). QBA also allows for
comparison across husbandry conditions, given that different behaviors are likely to be seen
dependent upon whether an animal is kept solitarily or in a herd/crash. Furthermore, given that
the use of QBA has been previously documented for captive giraffe (Patel et al., 2019) and for captive
and wild elephants (Wemelsfelder et al., 2010; Yon et al., 2019) it has the potential to be applied in
other captive species where welfare may be a concern. There is also the potential that QBA could be
used to assist in the rapid welfare assessment of translocated rhino, both during the translocation
process, and after release, reducing the need for more invasive physiological techniques.

Furthermore, this study did not apply Free-Choice Profiling (FCP), as data collection was
conducted by a single observer. However, conceptually, latent variables in GLLVMs induce unob-
served variables that reflect shared variation among response variables, as demonstrated by Jenner
and Lewis (2023). These latent variables can function similarly to the input from multiple observers
in FCP, providing an independent and systematic interpretation of relationships within the data.
This parallel suggests that model frameworks such as GLLVM or Bayesian equivalents might reduce
or even eliminate the need for multiple human observers in FCP-like assessments. Consequently,
future studies using model-based multivariate approaches with latent variables, as demonstrated
here, could offer an alternative pathway for nuanced behavioral interpretations.

Conclusion

Comparison of QBA and ETG data collection identified meaningful overlap between the two
behavioral collection techniques, suggesting there is good potential for the use of QBA as
a behavioral/welfare assessment technique for the species. Usefulness of this technique would
need confirmation through further comparison and modeled contrast with ETG data, and
potentially combined with physiological indicators to identify whether QBA can be used to
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determine stress in the species. Clear correlations (for example, negative correlation between
Calm and stereotypic pacing (STP) and positive correlation between Interested and environ-
mental investigation (EIV) further highlight overlap between the two behavioral techniques.
Such overlaps in the results of both methods suggest that QBA has the potential to be a useful
alternative approach for future welfare studies of captive black rhino and its use in other species
within zoos should be further explored. Given the observed overlap between QBA and ethogram
data, QBA could be particularly valuable in settings where rapid welfare assessment is needed.
However, further studies are necessary to refine QBA methodologies, validate its use across
various species, and possibly integrate physiological measures to enhance its accuracy and
reliability.
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