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Abstract

Behavioural diversity may serve as a positive indicator of animal welfare that can be applied in long-term monitoring schemes in managed 
settings (eg zoos, laboratories, farms). Behavioural diversity is often higher when animals live in stimulating environments and experience 
positive events. Unfortunately, welfare researchers have not adopted consistent, standardised approaches to measuring behavioural 
diversity. The goal of this exploratory study was to utilise data from 41 adult chimpanzees (Pan troglodytes) housed across 16 zoological 
institutions to examine various models of Shannon’s Diversity Index. Specifically, we investigated the impact of: combining versus splitting 
behaviours, including only positive behaviours, including human interaction, and considering recipient behaviours. We evaluate how the 
inclusion or exclusion of different behaviours impacts the relationship of behavioural diversity with: (i) concentrations of faecal glucocorti-
coid metabolites (GCM), a common indicator of adrenal activity; (ii) concentrations of immunoglobulin-A (IgA), an indicator of immune 
function and potential indicator of positive welfare; and (iii) stereotypic behaviour, a validated indicator of poor welfare. Most indices had 
significant negative relationships with faecal GCM. Animals that express a variety of behaviours from their species-typical repertoire have 
lower average faecal GCM concentrations and are likely experiencing better welfare. We did not find significant relationships between the 
behavioural diversity indices and IgA concentrations. Two indices were inversely associated with stereotypic behaviour. Our findings provide 
additional support for using Shannon’s Diversity Index to calculate behavioural diversity as a robust, valid measure of positive welfare. 
However, future publications must justify the process for including or excluding behaviours from calculations.
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Introduction 
As animal welfare research continues to incorporate indicators 
of good welfare into long-term monitoring schemes, and specif-
ically animal-based measures that provide insight into an indi-
vidual’s physical, mental, and emotional states (Butterworth 
et al 2011; Siegford 2013; Whitham & Wielebnowski 2013), 
behavioural diversity may serve as a positive indicator that can 
be applied in managed settings (eg zoos, laboratories, farms, 
sanctuaries, shelters). After all, when individual animals in 
managed settings express a diverse repertoire of species-typical 
behaviour, they are presumed to have good welfare (Rushen 
et al 1993; Shepherdson et al 1993; Wemelsfelder et al 2000; 
Swaisgood et al 2001, 2005; Swaisgood & Shepherdson 2006; 
Miller et al 2011, 2016; but see Vickery & Mason 2004). 
However, very few welfare studies measure behavioural 
diversity, and of those that do, there is inconsistency in their 
methodology. Our exploratory study utilises data from profes-
sionally managed chimpanzees (Pan troglodytes) to examine 
various models of behavioural diversity. 

There are two indices that can be employed to integrate 
behavioural diversity into welfare research. Behavioural 
diversity is most often calculated using a formula borrowed 
from ecology, the Shannon Diversity Index (H) (Shannon & 
Weaver 1949). Whereas in ecology, H measures the propor-
tion of individuals belonging to each of a number of species, 
ethologists and welfare researchers have adapted this index 
to measure the proportion of time an individual spends in 
particular behavioural categories, and values are affected by 
both the number of categories (abundance) and the distribu-
tion of values among them (evenness) (for a review, see 
Miller et al 2020). However, when behaviour is distributed 
evenly among categories, it is more appropriate to use 
Simpson’s Diversity Index (D) (Simpson 1949). Simpson’s 
Diversity Index, again deriving from ecology, gives more 
weight to dominant or common behaviours and is less 
affected by an animal spending a short amount of time in a 
few additional behavioural categories. For instance, an indi-
vidual who distributes time equally across ten behavioural 
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