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Abstract 

While recent work has assessed how environmental and managerial changes influence elephant welfare 

across multiple zoos, few studies have addressed the effects of management changes within a single 

institution. In this paper, we examine how management changes related to social structure and diet affect 

the behavior of a group of zoo elephants over a 23-month period while also considering underlying 

factors such as time of day, hormonal cycle, and individual differences. We recorded individual behaviors 

recorded using two-minute scan samples during 60-minute sessions. We analyzed behavioral changes 

across several study variables using generalized linear mixed models. We found that increasing browse 

can improve opportunities for foraging throughout the day but may not be sufficient to reduce repetitive 

behaviors. We observed that increasing group size and integration of bulls with cows can lead to 

increased social interaction in African elephants. Our results highlight the importance of using multiple 

management alterations to address elephant welfare, and considering environmental factors, when making 

management decisions.  
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1. Introduction 1 

 2 

African elephants (Loxodonta africana) are a highly social and cognitively-complex species (e.g., 3 

quality judgment, elaborate communication schemes, etc.; Grand et al., 2012) that have intricate needs. 4 

Captive facilities should consider these needs in the effort to optimize the welfare of elephants in human 5 

care. Recent comparative studies provide insights into how housing, diet, social structure and other 6 

factors relate to elephant welfare status (Azevedo et al., 2016; Barber, 2018; Bjork, 2011; Garaï, 1992; 7 

Greco et al., 2016; Horback et al., 2014; Koyama et al., 2012; Kurt and Garaï, 2001; Lehnhardt, 2006; 8 

Mason and Veasey, 2010; Meehan et al., 2016; Menargues et al., 2008; Posta, 2011; Price and Stoinski, 9 

2007; Rees, 2009; Schmid et al., 2001; Vanitha et al., 2011; Veasey, 2006; Wiedenmayer, 1998), but do 10 

not directly assess how management changes within an elephant herd affect behavior. Longitudinal 11 

studies that consider both management factors and external factors are needed to inform elephant care and 12 

better understand elephant behavior.  13 

Changes in diet have had positive impacts on welfare across several zoo-housed species 14 

(Azevedo et al., 2016; Barber, 2018; Bjork, 2011; Greco et al., 2016; Horback et al., 2014; Koyama et al., 15 

2012; Posta, 2011; Rees, 2009; Wiedenmayer, 1998). Browse (i.e., woody material such as tree branches) 16 

availability is important for gut health and combating obesity due to increases in fiber content (Bjork, 17 

2011; Greco et al., 2016; Harris et al., 2008; Meehan et al., 2016; Morimura and Ueno, 1999; Stoinski et 18 

al., 2000; Veasey, 2006; Wiedenmayer, 1998). Increasing woody browse items is associated with 19 

increased time needed for food processing and is positively correlated with feeding behaviors and general 20 

activity in African elephants (Stoinski et al., 2000).  21 

Alterations in social group complexity and size can improve the welfare of zoo-housed animals 22 

(Garaï, 1992; Kurt and Garaï, 2001; Lehnhardt, 2006; Mason and Veasey, 2010; Meehan et al., 2016a,b; 23 

Menargues et al., 2008; Posta, 2011; Price and Stoinski, 2007; Schmid et al., 2001; Vanitha et al., 2011; 24 

Veasey, 2006). Negative welfare indicators (e.g., high levels of aggression, lethargy, health issues, or 25 

stereotypic movement) decreased with increasing group size (Rees, 2009; Vanitha et al., 2011) and 26 
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complexity of social groupings (such as larger groups with differences between individuals in terms of 27 

age, sex, etc.) across multiple zoos (Greco et al., 2016). Increasing 1) chances for social interaction by 28 

increasing group size and 2) social group complexity by varying social groupings within a captive 29 

elephant group may, therefore, improve welfare. 30 

While management changes such as diet and social grouping can influence behavior, it can be 31 

important to account for other underlying factors, such as time of day, hormone cycling, and individual 32 

differences when considering zoo animal behavior. Zoo-housed animal behavior is often affected by daily 33 

temporal variation. Rees (2009) found that repetitive behaviors displayed by zoo elephants increased in 34 

frequency towards the end of the day, and others have suggested that repetitive behaviors in elephants are 35 

anticipatory, specifically occurring in greater frequency directly before and after mealtimes (Mackey, 36 

2014). Researchers have observed multiple differences between diurnal and nocturnal activity budgets, 37 

such as increases in positive social behaviors during the day, an increase in self-maintenance behaviors 38 

early morning and late evening (Horback et al., 2014), and repetitive behaviors with the lowest 39 

occurrence in the morning (Hasenjager and Bergl, 2015). It is thus important to be aware of time of day 40 

effects on behavior in observational studies of zoo-housed animals.  41 

Hormone levels and cycling can also affect behavior. Elephants experience patterned hormone 42 

cycles, and these changes can be associated with specific behaviors (or behavioral profiles). Wild female 43 

elephants increase socially-motivated interactions with other females during ovulation (Freeman et al., 44 

2010), and males engage in more positive interactions with cows and negative interactions with bulls 45 

during musth (Ganswindt et al., 2005; Hollister-Smith et al., 2007; Ortolani et al., 2005; Thitaram et al., 46 

2009).  47 

In cognitively complex species, individual differences (e.g., personality, life history traits, and 48 

previous experience) are frequently highlighted during welfare assessments (Grand et al., 2012; Horback 49 

et al., 2013; Lee and Moss, 2012; Yasui et al., 2013). Horback et al. (2013) explained how the ability of 50 

zoos to discern elephant personalities reliably can allow caretakers to identify appropriate roles (e.g., 51 

social compatibility) and welfare needs for individual animals (e.g., appropriate environmental 52 



Lasky  4 

enrichment or optimal training methods). Individual differences make generalized conclusions on group 53 

behavior difficult, so behavioral observations are arguably best conducted on an individual, rather than 54 

group, level (Grand et al., 2012; Lee and Moss, 2012; Yasui et al., 2013). 55 

It is challenging to determine how husbandry management changes might affect welfare since 56 

many factors can influence elephant behavior (Holdgate et al., 2016; Horback et al., 2014; Koyama et al., 57 

2012; Meehan et al., 2016a,b; Posta, 2011; Posta et al., 2013; Rees, 2009a,b; Wilson et al., 2004). While 58 

recent work has assessed variation across institutions and how managerial and environmental factors 59 

influence elephant welfare, few studies have assessed the effects of multiple environmental and 60 

managerial changes over an extended period of time within one group. In this paper, we analyze how 61 

changes in social structure and diet affected the behavior of a group of elephants housed at the North 62 

Carolina Zoo (NC Zoo) over a 23-month period, while also considering non-management factors such as 63 

time of day, hormone cycling, and individual variation. We predicted that the diet alteration would 64 

increase the frequency of foraging and locomotion and decrease the frequency of repetitive behavior. We 65 

also predicted that an increase in group size and composition complexity would lead to an increase in 66 

social and locomotive behaviors, as well as a decrease in repetitive behaviors. We hypothesized an 67 

increase in social behavior observed between elephants during phases with high hormonal output (i.e., 68 

musth for male elephants and luteal phase for female elephants). We also predicted that foraging and 69 

repetitive behavior would show temporal variation. By considering how management and environmental 70 

variables can alter behavior, we are able to provide insights into how we can adapt husbandry changes to 71 

improve captive elephant welfare.  72 

 73 

2. Materials and Methods 74 

 75 

2.1. Behavioral Observations 76 

The NC Zoo (Asheboro, NC, USA) houses six African elephants on two three-acre exhibits 77 

during the day when temperatures are above 40 °F. The elephant herd consists of two male elephants 78 
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(ages 34 and 43 years old) and four female elephants (ages 15, 29, 35, and 39 years old). While two 79 

females are a cow-calf pair, no other individuals housed at the facility are related. Observers collected 80 

behavioral data on elephants between the hours of 0900 and 1700 from January 2015 to November 2016; 81 

observers collected scan samples every two minutes in hourly scans randomly throughout the day. 82 

Observers watched elephants from visitor viewing platforms that provided nearly unobstructed views of 83 

the elephants’ enclosure spaces. Observers used an ethogram created by Hasenjager and Bergl (2015) to 84 

record elephant behavior (Appendix 1). At the beginning of each session, observers recorded the number 85 

and names of the elephants present within the exhibit. We recorded observations in real-time in 86 

ZooMonitor (Ross et al., 2016). Initially, observers recorded behavior of a single individual, but 87 

beginning in January 2016, observers recorded behavior of all elephants present in the exhibit during each 88 

scan, which greatly increased data collection and was feasible since there were never more than five 89 

elephants in a given exhibit. 90 

 91 

2.2. Husbandry Alterations 92 

 Keeper Schedule: Though keeper schedule can be variable, keepers would arrive at the elephant 93 

facility in the morning and supply elephants with hay and conduct training sessions in the barn. Keepers 94 

would also clean outdoor habitats at this time. Keepers released elephants onto habitat later in the 95 

morning (09:30-10:30), and interacted with the elephants for public display around 13:30-14:30 every 96 

afternoon. Keepers returned elephants to the barn for the evening around 15:00-16:00, although elephants 97 

were given access overnight where possible. Keepers altered elephant social groupings as necessary 98 

during habitat transfers and provided browse in the afternoon when possible (depending on availability). 99 

We examined two changes in these husbandry practices for the African elephants at the NC Zoo: a change 100 

in diet and a change in herd management and structure. 101 

Changes in diet: In February 2016, zoo staff transitioned the elephants from a “high inclusion” 102 

pellet feed (Wild Herbivore Plus at 10% of total dry matter diet) to a “low inclusion” diet with a grain-103 

free pellet feed (Mazuri Hay Enhancer at 5% of dry matter diet) (Wood et al., in press). Concomitantly, 104 
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the zoo increased the amount of browse provided from one truckload per week to one truckload daily and 105 

increased the distribution of hay from 2 bales prior to February 2016 to 2.5 to 3 bales of hay afterward. 106 

This allowed us to assess behavioral changes pre (January 2015 to January 2016) versus post (February 107 

2016 to November 2016) diet change. 108 

Changes in herd structure management: At the beginning of the study, the zoo managed four 109 

cows in two separate pairs and two bulls separately as individuals. In March 2015, the zoo began 110 

introducing Male 1 to Females B and C, so that all three elephants shared the same space. On March 26, 111 

2015, Male 2 was introduced to Females A and D. In July 2015, the two female pairs were introduced. 112 

After successful introductions, elephants could be housed in larger groups, and staff used a variety of 113 

different herd structures to increase social complexity. We collected data on elephant behavior across the 114 

different group sizes, ranging from 1 to 5 for males and 2 to 5 for females, and for the females with and 115 

without the presence of a male.  116 

 117 

2.3. Hormone Data Collection 118 

We extracted each subjects’ hormone cycle history from the Species360 ZIMS (Zoological 119 

Information Management Software) online database. Keepers determined male musth cycles using the 120 

following well-documented indicators of hormonal fluctuations in the species (Duer et al., 2016): 121 

temporal gland drainage, head pressing (pressing forehead onto bars of enclosure, possibly to relieve 122 

cranial pressure), quicker movement, continuous urination, and increased distractibility during training 123 

sessions. Musth indicators are visual and each staff member is trained to recognize musth in bull 124 

elephants in accordance with safety protocols. Keepers communicate with each other prior to noting 125 

behavioral musth indicators in the daily log so these behaviors can be verified by all keepers working for 126 

the day. Staff members did not record the intensity or hormonal status of musth, only the presence of 127 

musth-related behaviors.  128 

We determined female estrus cycling patterns via serum estrogen levels from blood samples 129 

taken every two weeks. Blood is collected from a vein on the back of the ear using a 21- or 19-gauge 130 
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needle on a weekly schedule as part of normal husbandry management and serum is sent to the 131 

Smithsonian Endocrine Lab for hormone analysis (Graham et al., 2001). Samples are measured for each 132 

individual’s progesterone levels with an enzyme immunoassay. The enzyme immunoassay is a double 133 

antibody immunoassay using primary antibody anti-progesterone CL425, and secondary antibody goat 134 

anti-mouse IgG immobilized to a microplate. Staff members recorded these immunoassay results in 135 

Species360 ZIMS. Hormone status was categorized as musth or non-musth for males and as follicular or 136 

luteal phase for females.  137 

 138 

2.4. Time of day 139 

We categorized times of day into morning (09:00 – 11:00), midday (11:00 – 13:00), and 140 

afternoon (13:00-17:00). Because keepers sometimes shifted elephants off exhibit at 16:00, we included 141 

four hours in the afternoon period and two hours in the morning/midday categories to even out sample 142 

size across categories.  143 

 144 

2.5. Statistical Analysis 145 

We broke down elephant behavior data into frequencies for a given scan (i.e. number of 146 

observations displaying a given behavior out of 30 two-minute scans recorded) with a focus on five key 147 

behaviors: resting (standing, lying down), foraging (on prepared diet, exhibit vegetation, or browse), 148 

repetitive (rocking, pacing or other repetitive behavior; repetitive behavioral patterns such as pacing 149 

patterns were previously conveyed to observers before conducting observations so they could recognize 150 

such patterns), locomotion (walking or running non-repetitively), and social (vocalization, displacement, 151 

agonistic or affiliative interactions between individuals). We did not distinguish between standing rest and 152 

standing still without rest during our scan observations, as this would be very difficult to distinguish for 153 

multiple observers. 154 

Visibility of elephants was not a major issue during observations, but when an individual was not 155 

visible, these observations were excluded from the total number of scans. We used the number of two-156 
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minute scans in which an elephant was visible as a denominator for calculating relative frequencies of 157 

each behavior. For animals in the same group measured simultaneously, we model the dependency of one 158 

animal on others only through fixed effects for group size and whether or not a male was present in the 159 

group. Ideally, a model would include a correlation structure that allowed us to estimate dependencies 160 

between two individuals, but the sparseness of the data would not permit the fitting of such a model. 161 

We attempted to obtain an even distribution of observations per individual and treatment, 162 

however, all analyses were conducted in such a way to take uneven sample numbers into account. We 163 

assessed the effects of (1) time of day (morning, midday, or afternoon) and diet change (before or after), 164 

(2) hormone status (luteal or follicular for females and musth or non-musth for males), and (3) group 165 

composition using three separate generalized linear mixed models based on the binomial distribution with 166 

logit link function. These models included an overdispersion parameter and random subject effects to 167 

account for repeated measurements on individual elephants. These models had fixed factorial effects for 168 

group size and random effects for individual elephants, which do not require a balanced design for uneven 169 

data sets. Pairwise comparisons and complex contrasts among levels of study variables or combinations 170 

of study variables were carried out as appropriate when suggested by tests for interaction or for main 171 

effects. Table 1 gives Akaike information criterion (AIC) and generalized chi-square statistics computed 172 

from models with and without random observer effects, showing how the inclusion of random observer 173 

effects is warranted. We also conducted pairwise comparisons between group sizes, and evaluated linear 174 

interaction effects using a complex contrast of treatment means, and evaluated linear interaction effects 175 

using a complex contrast of treatment means.  176 

We made inferences using significance level 0.05. We fitted statistical models using PROC 177 

GLIMMIX in SAS (2013). Graphs display error bars for standard error of each value. 178 

 179 

3. Results 180 

 181 

3.1. Diet change effects on behavior, accounting for time of day 182 
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We collected 397 hours of data over 96 days across the 23-month period. Observation budgets of 183 

elephants in each social group, pre-diet change, and post-diet change can be found in Appendix II. Our 184 

tests for factorial effects based on GLMMs provide evidence of an effect of time of day for every 185 

behavior type. Resting (F=122.77, p < 0.01), social (F = 9.25, p = 0.01), and repetitive (F = 88.56, p < 186 

0.01) behaviors increased over the course of the day while locomotion (F = 4.39, p = 0.01) and foraging 187 

(F=198.51, p < 0.01) behaviors decreased throughout the day.  188 

  No behaviors were affected by diet change alone, but there was evidence of interactions of the 189 

diet change on behavior by time of day. We found strong evidence that foraging behavior decreases over 190 

time both before (F = 94.60, p < 0.01) and after (F = 113.40, p < 0.01) the diet change (Figure 1). The 191 

decrease in foraging behavior from morning to the afternoon was significantly more pronounced before 192 

the diet change than after (t = 2.24, p = 0.03). We found evidence of interaction between time of day and 193 

diet change on frequency of social events (F = 3.20, p = 0.04). The frequency of social behavior increased 194 

around midday (11:00 – 13:00) after the change in diet, whereas the increase did not occur until the 195 

afternoon (13:00 – 17:00) before the diet change. F-ratios and p-values for tests for all factorial effects 196 

involving time of day and diet change are given in Table 2. 197 

 198 

3.2. Effects of Hormone Cycle on Behavior 199 

Foraging (F = 22.38, p < 0.01), social (F = 12.07, p = 0.0006) and repetitive (F = 4.08, p = 0.04) 200 

behavior frequencies of female elephants during luteal and follicular hormone cycles were significantly 201 

different. Further, foraging (F = 24.20, p < 0.01), resting (F = 26.96, p < 0.01), social (F = 4.36, p = 0.04), 202 

and repetitive (F = 4.08, p = 0.04) behavior differed when male elephants were in musth versus non-203 

musth. Repetitive and social behaviors were more frequent in female elephants in the follicular stage as 204 

opposed to luteal stage while foraging behavior was less frequent. Males displayed decreases in foraging 205 

and social behavior and an increase in repetitive behavior while in musth (Figure 2). Hormone cycle was 206 

not a predictor for locomotion in either male or female elephants. F-ratios and associated degrees of 207 

freedom and p-values for tests of these factorial effects are given in Table 3. 208 
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We further investigated the effect of hormone cycle on agonistic and affiliative behaviors 209 

separately (Figure 3). Based on an F-test for equality of frequencies, affiliative behavior increased for 210 

female elephants during the follicular stage (t = 2.06, p = 0.04). Note, when affiliative and agonistic 211 

behaviors were considered separately (rather than both behaviors grouped into “social behavior” as a 212 

whole), we did not observe differences in agonistic behavior for females or in either agonistic or 213 

affiliative behavior for males across hormonal stage. 214 

 215 

3.3. Effects of Group Size and Complexity on Behavior 216 

Females displayed more social behavior (including both affiliative and agonistic behaviors) when 217 

a male was present (t = 2.49, p = 0.01). Social behavior varied across group size (F = 4.46, p = 0.002), 218 

and was greatest in a group size of 5 (Figure 4). Both affiliative and agonistic social behaviors were 219 

positively association with group size (Figure 4). No other behaviors differed across group size at this 220 

level of inference.  221 

When we conducted pairwise comparisons, we found foraging behavior was lower in a group size 222 

of 3 than in a group size of 2 (t = 2.09, p = 0.04) or 5 (t = 2, p = 0.04). We also found that locomotion was 223 

higher at a group size of 4 compared to a group size of 2 (t = 2.37, p = 0.02) or 3 (t = 2.31, p = 0.02). 224 

Social behavior was higher in a group size of 5 than in all four other group sizes (Table 4). Repetitive 225 

behavior did not differ across group size for most elephants.  226 

    227 

3.4. Behavioral Differences Across Individual Subjects 228 

Since individual behavior can vary significantly and understanding variations in individual 229 

behavior can be important for welfare, we assessed behavior status of individual elephants by testing for 230 

the variance component of the random effect for subject, and found that all but social behavior differed 231 

significantly (p < 0.01) between subjects. Test results are in A10. Male 1 and Female 3 displayed 232 

repetitive behavior at a much higher frequency than the other individuals. Further, Male 2 and Female 3 233 
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had a higher frequency of resting behavior than other individuals. Female 1 and Female 2 - the two 234 

youngest elephants in this study - displayed the most locomotion behavior (Figure 5). 235 

 236 

4. Discussion 237 

 238 

4.1. Effect of diet changes across time of day  239 

Wild elephants spend a large portion of their day foraging (Wittemyer et al., 2007). In zoos, 240 

foraging may decrease towards the end of the day as elephants exhaust existing resources (Mackey, 2014; 241 

Stoinski et al., 2000). The NC Zoo feeds the elephants hay in the morning (~08:00) and evening (~16:00), 242 

but does not provide a consistent meal midday. Reducing pelleted diet and increasing browse and hay 243 

may help increase fiber and better simulate a natural diet for African elephants. While increasing browse 244 

did not increase the total time spent foraging, it did lead to an increase in foraging behavior in the 245 

afternoon (t = 2.24, p = 0.03) and supports previous work that showed alterations in diet can increase 246 

foraging behavior in elephants (Björk, 2011; Greco et al., 2016; Morimura and Ueno, 1999; Stoinski et 247 

al., 2000; Rees, 2009; Wilson et al., 2004). Using both a low inclusion diet and increasing browse appears 248 

to have had a positive effect on elephant behavior and may allow zoos to increase food availability and 249 

foraging opportunities without increasing total caloric intake.  250 

Beyond foraging behavior, time of day also affected social, repetitive, locomotion, and resting 251 

behavior. In other studies, behavior differed greatly across time of day due to major daily events, 252 

especially around feeding times (Horback et al., 2014; Posta et al., 2013; Rees, 2009). Repetitive behavior 253 

is negatively correlated with feeding behavior and increases in the afternoon prior to shifting elephants 254 

(Hasenjager and Bergl, 2015; Rees, 2009). While we did find an increase in foraging behavior in the 255 

afternoon after increasing the amount of browse provided to elephants, repetitive behavior was still more 256 

common in the afternoon (i.e., when food availability was lowest). A lack of foraging material has been 257 

found to have a significant effect on a variety of other behaviors in previous studies (Posta et al., 2013; 258 
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Rees, 2009). Similarly, increases in social and resting behavior observed from morning to afternoon may 259 

also be related to reductions in forage availability that occur across time of day.  260 

In this study, altering the diet of the individual elephants appears to have affected foraging 261 

behavior, but was not sufficient to deter increases in repetitive behavior seen in the afternoon (although it 262 

should be noted that repetitive behavior made up a small portion of overall activity budget regardless of 263 

time of day). In addition to incorporation of more browse, using management options such as spreading 264 

out food, using puzzle feeders, and varying feeding times, frequency, and location can increase the 265 

amount of time and effort required for the elephants to obtain food (Lehnhardt, 2006; Meehan et al., 266 

2016b; Posta, 2011). Providing other forms of stimulation (i.e., enrichment, daily walks, or training 267 

interactions with zookeepers) may be required to deter repetitive behavior at their peak times, often in the 268 

afternoon (Greco et al., 2016; Meehan et al., 2016a,b). Finally, increasing unpredictability of the schedule 269 

may further help to deter repetitive behaviors that are anticipatory (Mackey, 2014; Stoinski et al., 2000).  270 

 271 

4.2. Effects of group size and complexity 272 

Changes in social structure and herd complexity affected elephant behavior. Previous studies 273 

have indicated that changes in housing situations and social groupings alter repetitive behavior (Meehan 274 

et al., 2016a). Presence of juveniles, time spent outdoors, and limiting individual housing can decrease 275 

repetitive behaviors. Furthermore, increasing elephant group size in captive environments can improve 276 

welfare (Rees, 2009). Wild African elephant cows can live in groups anywhere from 8 - 100 individuals, 277 

depending on the time of year (Wittemyer et al., 2007) and increasing group size in captive elephants 278 

appears to improve welfare. 279 

We observed more social behavior both when a male elephant was present and during 280 

observations of the largest group size (n = 5). Variations of behavior across group size and composition 281 

highlight the value of integrating African male elephants with females and the importance of increasing 282 

group size in captive herds. While housing bulls with cows has traditionally been avoided in US zoos due 283 

to concern of injury or restrictions on sexual behavior, our findings support the importance of integrating 284 
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bulls with the herd. In the wild, African elephant males can be solitary, but they are also found in bachelor 285 

groups and intermingle with female family units during the mating season (Wittemyer et al., 2007). In this 286 

study, social behavior increased for all elephants in larger group sizes, thus, multi-sex group management 287 

may improve elephant welfare. 288 

We found that group size and social behavior were significantly correlated when a male elephant 289 

was present, however, this behavioral change included an increase in the observed affiliative as well as 290 

agonistic behaviors being displayed. While all agonistic behaviors should not necessarily be considered 291 

negative, it is important to consider the specific effects of increasing group size and complexity on overall 292 

social experience. Unrelated wild elephants rarely intermingle since groups consist of matriarchal-led 293 

family units (Wittemyer et al., 2007). Therefore, perhaps unsurprisingly, artificially-created groups of 294 

zoo-housed elephants will need to establish new relationships in the herd structure with every new 295 

introduction. Therefore, introduced elephants initially housed separately may undergo an initial 296 

acclimation period that can possess higher rates of agonistic interaction. Zoos should provide an adequate 297 

amount of time for new relationships to form, and we strongly suggest development of long-term studies 298 

on ex-situ social introductions to better understand the acclimation period and overall effects of changes 299 

in social group structure and complexity on elephant welfare. Furthermore, we also highly suggest zoos 300 

supply adequate space for elephants to physically avoid each other during introductory periods. This can 301 

allow elephants to avoid aggressive behaviors and provide individuals the choice to remove themselves 302 

from unwanted social interaction. This provides elephants agency to make decisions, which is a crucial 303 

element to support optimal welfare in zoo-housed animals (Greco et al., 2016; Hasenjager and Bergl 304 

2015; Learmonth 2019; Mackey 2014; Meehan et al., 2016b). It should be noted that it is important to 305 

ensure that the elephants are socially compatible, as chronic stress from living in an incompatible group 306 

can significantly reduce welfare (Meehan et al., 2016a; Prado-Oviedo et al., 2016). 307 

 308 

4.3. Hormone cycle effects 309 
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Hormonal stage of the elephant had notable effects on behavior. Female elephants increased 310 

repetitive and social behaviors and decreased foraging behaviors during the follicular stage, while males 311 

increased repetitive and resting behaviors and decreased foraging and social behaviors during musth. 312 

Wild bulls dramatically increase their home range size and are often seen roaming over wide areas while 313 

in musth (Wittemyer et al., 2007). It was therefore surprising that the bulls in this study did not increase 314 

their locomotive activity and increased their resting behavior during musth in this study. The majority 315 

(>99%) of resting behaviors observed in this study were standing rest versus reclined rest, and our lack of 316 

distinction between standing rest and standing but not resting may have affected these results. However, 317 

the increase in repetitive behaviors observed during musth could be a result of bulls having an inner drive 318 

to increase their movements. 319 

Affiliative behaviors were more prevalent in female elephants during the follicular stage. 320 

Research suggests that females of primate species may increase social displays of behavior during 321 

ovulation (van Schaik et al., 1999), and behavioral differences across hormonal cycles in elephants has 322 

been observed in other studies as well (Slade‐Cain et al., 2008). Thus, ovulation and female hormonal 323 

cycling should be considered when managing individuals for optimal welfare, as social interactions were 324 

more positive and more frequent during follicular stage. Changing group composition, introduction to 325 

male elephants, or other social changes conducted when female elephants are in follicular stage could 326 

promote positive social interactions.  327 

Note, keepers only used visual indicators of musth and did not conduct hormonal testing for 328 

testosterone levels in bulls. While lack of hormonal testing for testosterone levels may limit how musth 329 

can be quantified, we feel that for the purposes of our study visual indicators were sufficient to look at 330 

changes in behavior when in or not in musth.  331 

 332 

4.4. Individual Behavioral Differences 333 

Elephants are cognitively complex, so researchers often find value in examining individual 334 

behavior when evaluating overall behavioral patterns (Holdgate et al., 2016; Horback et al., 2014; Mason 335 
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and Veasey, 2010; Meehan et al., 2016b; Posta, 2011; Posta et al., 2013; Rees, 2009; Stoinski et al., 2000; 336 

Vanitha et al., 2011; Veasey, 2006). African elephants display individual personalities and certain life 337 

traits (i.e., age, sex, etc.) can lead to individual variation in behavior (Grand et al., 2012; Holdgate et al., 338 

2016; Horback et al., 2013; Horback et al., 2014; Lee and Moss, 2012; Mason and Veasey, 2010; Meehan 339 

et al., 2016b; Posta, 2011; Posta et al., 2013; Rees, 2009; Stoinski et al., 2000; Vanitha et al., 2011; 340 

Veasey, 2006; Yasui, 2013). Wild female elephants have been known to exhibit personality traits 341 

associated with certain leadership and social integration abilities (Yasui et al., 2013). Such traits can 342 

influence how individuals interact with their environment and with conspecifics, and accounting for 343 

individual variation for elephant management is arguably necessary. 344 

Male 2, the oldest elephant at the NC Zoo, followed by Female 3, displayed the highest amounts 345 

of resting behavior. Both of these elephants exhibited multiple foot lesions and gait abnormalities 346 

throughout the study period, which could have led to this higher frequency of resting behavior. The 347 

majority (>99%) of all resting behavior observed by elephants was standing rest (versus resting – lying 348 

down). Zoo elephants possess a high rate of degenerative joint disease and foot lesions (Miller et al., 349 

2016), which may contribute to the predilection for rest in older elephants seen in this study. Monitoring 350 

foot and gait issues in zoo elephants has been marked as important in previous studies (Miller et al., 351 

2016), and we can specifically highlight how these chronic issues may have an effect on the elephant’s 352 

locomotion behavior and, potentially, physical health due to the lack of movement associated with higher 353 

rest in elephants with chronic issues. 354 

Female 1 and Female 2, the zoo’s two youngest elephants, displayed the most locomotive 355 

behavior. Older individuals, regardless of species, diet, or physical fitness, usually rest more due to the 356 

difficulties in movement that come with age. Male 1, the younger of the two bulls, is a more active 357 

individual, which may have caused the individual to influence female behavior differently than how Male 358 

2 influenced female behavior. Younger individuals display play behavior more frequently than older 359 

counterparts (Bekoff and Byers, 1998) and their presence can cause decreased repetitive and increased 360 

social behavior across captive groups (Troxell-Smith et al., 2017; Webber and Lee 2020). Since Female 1 361 
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or Female 2 was always present in a group size larger than 2, we are unable to know for sure whether 362 

their presence caused changes in behavior or if it was the size of the group itself. However, their presence 363 

may potentially positively alter the behavior of the other elephants within the exhibit. All but one 364 

individual included in this study are considered adults so we weren’t able to assess the effect of age on 365 

behavior, but this is likely to be an important factor in overall elephant behavior.  366 

 367 

5. Conclusion 368 

Elephant behavior is affected by both environmental conditions and managerial decisions, and 369 

studies need to consider the interactions of numerous variables to fully understand the patterns. 370 

Specifically, managers should concentrate on increasing positive and decreasing negative behaviors while 371 

recognizing that these may have natural variation with time of day and are affected by individual history 372 

and hormone status. Overall, we provide evidence that increasing browse improves opportunities for 373 

foraging behavior, particularly in the afternoon, but was not sufficient to reduce repetitive behaviors. 374 

Other management techniques will be needed to reduce repetitive behaviors particularly when foraging 375 

materials are lacking (Greco et al., 2016; Meehan et al., 2016b). Repetitive behaviors are complex 376 

behaviors which, once developed, are difficult to extinguish (Björk, 2009; Wilson and Bloomsmith, 377 

2004). Repetitive behaviors are suggestive of one or more underlying stressors, and until the perceived 378 

stress is removed, it is unlikely that the stereotypy will cease (Björk, 2009; Wilson and Bloomsmith, 379 

2004). 380 

Increasing group size and integrating bulls with cows had a positive impact on elephant welfare. 381 

In addition, forming male-female groups may act as a deterrent for agonistic behaviors between female 382 

elephants, leading to a more optimal group dynamic. Our data suggest that because social behavior is 383 

elevated in the follicular phase, this may be the ideal time to alter herd structure or conduct introductions 384 

in order to promote positive interactions. While we found no negative implications of introductions or 385 

altering group structure, studies analyzing indicators of stress and complexity in zoo-housed elephant 386 

herds may be warranted to improve our understanding of the costs and benefits of herd manipulation. 387 
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Finally, zoos should consider significant differences exist among individual elephant’s behavioral patterns 388 

and individual history and personality when managing elephants in their care. In addition to our findings, 389 

we note that it is crucial for zoos to allow agency for elephants, providing them choices in management 390 

decisions whenever possible (Greco et al., 2016; Hasenjager and Bergl 2015; Learmonth 2019; Mackey 391 

2014; Meehan et al., 2016b).  392 

 393 

Acknowledgements 394 

This research was supported by North Carolina State University and the North Carolina Zoo. We 395 

thank our colleagues from the NC Zoo who provided insight and expertise that greatly assisted the 396 

research. We would also like to show our gratitude to several NC State University students who helped 397 

collect the behavioral data used in this paper. 398 

 399 

References 400 

Altmann, J. (1974). Observational study of behavior: sampling methods. Behaviour, 49(3-4), 227-266. 401 

Azevedo, C. S. D., Ramos, J. C., Faggioli, Â. B., & Cipreste, C. F. (2016). Effects of different 402 

environmental enrichment items on the behavior of the endangered Lear's Macaw 403 

(Anodorhynchus leari, Psittacidae) at Belo Horizonte Zoo, Brazil. 404 

Barber, J. (2018). Effects of food distribution and external factors on the activity budgets of captive sun 405 

bears (Helarctos malayanus) (Doctoral dissertation, Department of Biology, Sonoma State 406 

University.). 407 

Bekoff, M., & Byers, J. A. (Eds.). (1998). Animal play: Evolutionary, comparative and ecological 408 

perspectives. Cambridge University Press. 409 

Björk, K. (2011). The effect of extra feed supply on stereotypic behaviour in Asian elephants (Elphas 410 

maximus). (Bachelor thesis, Linköpings Universitet, Linköpings, Sweden.). 411 



Lasky  18 

Cinini, S. M., Barnabe, G. F., Galvão-Coelho, N., Medeiros, M. A., Perez-Mendes, P., Sousa, M. B., ... & 412 

Mello, L. E. (2014). Social isolation disrupts hippocampal neurogenesis in young non-human 413 

primates. Frontiers in neuroscience, 8, 45. 414 

Duer, C., Tomasi, T., & Abramson, C. I. (2016). Reproductive endocrinology and musth indicators in a 415 

captive Asian elephant (Elephas maximus). Psychological reports, 119(3), 839-860. 416 

Freeman, E. W., Schulte, B. A., & Brown, J. L. (2010). Using behavioral observations and keeper 417 

questionnaires to assess social relationships among captive female African elephants. Zoo 418 

biology, 29(2), 140-153. 419 

Ganswindt, A.; Heistermann, M.; Hodges, K. Physical, physiological, and behavioral correlates of musth 420 

in captive African elephants (Loxodonta africana). Physiol. and Biochem. Zool. 2005, 78(4), 505-421 

514.   422 

Ganswindt, A., Heistermann, M., & Hodges, K. (2005). Physical, physiological, and behavioral correlates 423 

of musth in captive African elephants (Loxodonta africana). Physiological and Biochemical 424 

Zoology, 78(4), 505-514. 425 

Ganswindt, A., Muenscher, S., Henley, M., Henley, S., Heistermann, M., Palme, R., & Bertschinger, H. 426 

(2010). Endocrine correlates of musth and the impact of ecological and social factors in free-427 

ranging African elephants (Loxodonta africana). Hormones and Behavior, 57(4-5), 506-514. 428 

Garaï, M. E. (1992). Special relationships between female Asian elephants (Elephas maximus) in 429 

zoological gardens. Ethology, 90(3), 187-205. 430 

Giorgi, A., Montebovi, G., Vitale, A., & Alleva, E. (2018). A Behavioural Case Study of Early Social 431 

Isolation of a Subadult White-Handed Gibbon (Hylobates lar). Folia Primatologica, 89(3-4), 432 

287-294. 433 

Graham, L., Schwarzenberger, F., Möstl, E., Galama, W., & Savage, A. (2001). A versatile enzyme 434 

immunoassay for the determination of progestogens in feces and serum. Zoo Biol., 20(3), 227-435 

236. 436 



Lasky  19 

Grand, A. P., Kuhar, C. W., Leighty, K. A., Bettinger, T. L., & Laudenslager, M. L. (2012). Using 437 

personality ratings and cortisol to characterize individual differences in African elephants 438 

(Loxodonta africana). Applied animal behaviour science, 142(1-2), 69-75. 439 

Greco, B. J., Meehan, C. L., Miller, L. J., Shepherdson, D. J., Morfeld, K. A., Andrews, J., ... & Mench, J. 440 

A. (2016). Elephant management in North American zoos: environmental enrichment, feeding, 441 

exercise, and training. PloS one, 11(7), e0152490. 442 

Gruber, T. M., Friend, T. H., Gardner, J. M., Packard, J. M., Beaver, B., & Bushong, D. (2000). Variation 443 

in stereotypic behavior related to restraint in circus elephants. Zoo Biology: Published in 444 

affiliation with the American Zoo and Aquarium Association, 19(3), 209-221. 445 

Hasenjager, M. J., & Bergl, R. A. (2015). Environmental conditions associated with repetitive behavior in 446 

a group of African elephants. Zoo biology, 34(3), 201-210. 447 

Holdgate, M. R., Meehan, C. L., Hogan, J. N., Miller, L. J., Rushen, J., de Passillé, A. M., ... & 448 

Shepherdson, D. J. (2016). Recumbence behavior in zoo elephants: determination of patterns and 449 

frequency of recumbent rest and associated environmental and social factors. PLoS One, 11(7), 450 

e0153301. 451 

Hollister-Smith, J. A., Poole, J. H., Archie, E. A., Vance, E. A., Georgiadis, N. J., Moss, C. J., & Alberts, 452 

S. C. (2007). Age, musth and paternity success in wild male African elephants, Loxodonta 453 

africana. Animal Behaviour, 74(2), 287-296. 454 

Horback, K. M., Miller, L. J., Andrews, J. R., & Kuczaj, S. A. (2014). Diurnal and nocturnal activity 455 

budgets of zoo elephants in an outdoor facility. Zoo biology, 33(5), 403-410. 456 

Horback, K. M., Miller, L. J., & Kuczaj II, S. A. (2013). Personality assessment in African elephants 457 

(Loxodonta africana): Comparing the temporal stability of ethological coding versus trait 458 

rating. Applied Animal Behaviour Science, 149(1-4), 55-62. 459 

Koyama, N., Ueno, Y., Eguchi, Y., Uetake, K., & Tanaka, T. (2012). Effects of daily management 460 

changes on behavioral patterns of a solitary female African elephant (Loxodonta africana) in a 461 

zoo. Animal science journal, 83(7), 562-570. 462 



Lasky  20 

Kurt, F., & Garai, M. (2001). Stereotypies in captive Asian elephants-a symptom of social isolation. 463 

In International Elephant and Rhino Research Symposium, Vienna, Austria, Schüling, Münster. 464 

Learmonth, M. J. (2019). Dilemmas for Natural Living Concepts of Zoo Animal Welfare. Animals, 9(6), 465 

318. 466 

Lee, P. C., & Moss, C. J. (2012). Wild female African elephants (Loxodonta africana) exhibit personality 467 

traits of leadership and social integration. Journal of Comparative Psychology, 126(3), 224. 468 

Fowler, M., & Mikota, S. K. (Eds.). (2008). Biology, medicine, and surgery of elephants. John Wiley & 469 

Sons. 470 

Li, X., Xu, F., Xie, L., Ji, Y., Cheng, K., Zhou, Q., ... & Fang, L. (2013). Depression-like behavioral 471 

phenotypes by social and social plus visual isolation in the adult female Macaca 472 

fascicularis. PLoS One, 8(9), e73293. 473 

Mackey, A. D. (2014). Effects of Animal Management Changes on the Activity Budgets and Walking 474 

Rates of Zoo Elephants. (Ph.D. dissertation, University of Southern Mississippi, Hattiesburg, MS, 475 

USA). 476 

Mason, G. J., & Veasey, J. S. (2010). How should the psychological well‐being of zoo elephants be 477 

objectively investigated?. Zoo biology, 29(2), 237-255. 478 

Meehan, C. L., Hogan, J. N., Bonaparte-Saller, M. K., & Mench, J. A. (2016). Housing and social 479 

environments of African (Loxodonta africana) and Asian (Elephas maximus) elephants in North 480 

American zoos. PloS one, 11(7), e0146703. 481 

Meehan, C. L., Mench, J. A., Carlstead, K., & Hogan, J. N. (2016). Determining connections between the 482 

daily lives of zoo elephants and their welfare: an epidemiological approach. PLoS One, 11(7), 483 

e0158124. 484 

Menargues, A., Urios, V., & Mauri, M. (2008). Welfare assessment of captive Asian elephants (Elephas 485 

maximus) and Indian rhinoceros (Rhinoceros unicornis) using salivary cortisol 486 

measurement. Animal Welfare, 17, 305-312. 487 



Lasky  21 

Miller, M. A., Hogan, J. N., & Meehan, C. L. (2016). Housing and demographic risk factors impacting 488 

foot and musculoskeletal health in African elephants [Loxodonta africana] and Asian elephants 489 

[Elephas maximus] in North American zoos. PLoS One, 11(7). 490 

Morimura, N., & Ueno, Y. (1999). Influences on the feeding behavior of three mammals in the Maruyama 491 

Zoo: bears, elephants, and chimpanzees. Journal of Applied Animal Welfare Science, 2(3), 169-492 

186. 493 

Olsson, I. A. S., & Westlund, K. (2007). More than numbers matter: The effect of social factors on 494 

behaviour and welfare of laboratory rodents and non-human primates. Applied Animal Behaviour 495 

Science, 103(3-4), 229-254. 496 

Ortolani, A., Leong, K., Graham, L., & Savage, A. (2005). Behavioral indices of estrus in a group of 497 

captive African elephants (Loxodonta africana). Zoo Biology: Published in affiliation with the 498 

American Zoo and Aquarium Association, 24(4), 311-329. 499 

Posta, B. A. (2011). The effects of housing and enrichment on zoo elephant behavior (Doctoral 500 

dissertation, Bowling Green State University). 501 

Posta, B., Huber, R., & Moore III, D. E. (2013). The effects of housing on zoo elephant behavior: A 502 

quantitative case study of diurnal and seasonal variation. International Journal of Comparative 503 

Psychology, 26(1). 504 

Prado-Oviedo, N. A., Bonaparte-Saller, M. K., Malloy, E. J., Meehan, C. L., Mench, J. A., Carlstead, K., 505 

& Brown, J. L. (2016). Evaluation of demographics and social life events of Asian (Elephas 506 

maximus) and African elephants (Loxodonta africana) in North American zoos. PloS One, 11(7), 507 

e0154750. 508 

Price, E. E., & Stoinski, T. S. (2007). Group size: Determinants in the wild and implications for the 509 

captive housing of wild mammals in zoos. Applied Animal Behaviour Science, 103(3-4), 255-264. 510 

Rees, P. A. (2009). Activity budgets and the relationship between feeding and stereotypic behaviors in 511 

Asian elephants (Elephas maximus) in a zoo. Zoo Biology: Published in affiliation with the 512 

American Zoo and Aquarium Association, 28(2), 79-97. 513 



Lasky  22 

Rees, P. A. (2009). The sizes of elephant groups in zoos: implications for elephant welfare. Journal of 514 

Applied Animal Welfare Science, 12(1), 44-60. 515 

Ross, M. R., Niemann, T., Wark, J. D., Heintz, M. R., Horrigan, A., Cronin, K. A., ... & Gillespie, K. 516 

(2016). ZooMonitor (Version 1)[Mobile application software]. Available from: 517 

https://zoomonitor.org  518 

SAS, S., & Guide, S. U. S. (1999). Cary, NC: SAS Inst. 519 

Schmid, J., Heistermann, M., Gansloßer, U., & Hodges, J. K. (2001). Introduction of foreign female 520 

Asian elephants (Elephas maximus) into an existing group: behavioural reactions and changes in 521 

cortisol levels. Animal Welfare, 10(4), 357-372. 522 

Slade‐Cain, B. E., Rasmussen, L. E. L., & Schulte, B. A. (2008). Estrous state influences on investigative, 523 

aggressive, and tail flicking behavior in captive female Asian elephants. Zoo Biology: Published 524 

in affiliation with the American Zoo and Aquarium Association, 27(3), 167-180. 525 

Stoinski, T. S., Daniel, E., & Maple, T. L. (2000). A preliminary study of the behavioral effects of feeding 526 

enrichment on African elephants. Zoo Biology: Published in affiliation with the American Zoo 527 

and Aquarium Association, 19(6), 485-493. 528 

Taylor, J. H., Mustoe, A. C., & French, J. A. (2014). Behavioral responses to social separation stressor 529 

change across development and are dynamically related to HPA activity in marmosets. American 530 

journal of primatology, 76(3), 239-248. 531 

Thitaram, C., Chansitthiwet, S., Pongsopawijit, P., Brown, J. L., Wongkalasin, W., Daram, P., ... & 532 

Colenbrander, B. (2009). Use of genital inspection and female urine tests to detect oestrus in 533 

captive Asian elephants. Animal reproduction science, 115(1-4), 267-278. 534 

Troxell-Smith, S. M., Watters, J. V., Whelan, C. J., & Brown, J. S. (2017). Zoo foraging ecology: 535 

Preference and welfare assessment of two okapi (Okapia johnstoni) at the Brookfield 536 

Zoo. Animal Behavior and Cognition, 4(2), 187-199. 537 



Lasky  23 

Vanitha, V., Thiyagesan, K., & Baskaran, N. (2011). Social life of captive Asian elephants (Elephas 538 

maximus) in Southern India: implications for elephant welfare. Journal of applied animal welfare 539 

science, 14(1), 42-58. 540 

van Schaik, C. P., Van Noordwijk, M. A., & Nunn, C. L. (1999). Sex and social evolution in 541 

primates. Comparative primate socioecology, 204-231. 542 

Veasey, J. (2006). Concepts in the care and welfare of captive elephants. International Zoo 543 

Yearbook, 40(1), 63-79. 544 

Webber, C., & Lee, P. (2020). Play in Elephants: Wellbeing, Welfare or Distraction? Animals, 10, 305.  545 

Wiedenmayer, C. (1998). Food hiding and enrichment in captive Asian elephants. Applied Animal 546 

Behaviour Science, 56(1), 77-82. 547 

Wilson, M. L., Bloomsmith, M. A., & Maple, T. L. (2004). Stereotypic swaying and serum cortisol 548 

concentrations in three captive African elephants (Loxodonta africana). ANIMAL WELFARE-549 

POTTERS BAR THEN WHEATHAMPSTEAD, 13(1), 39-44. 550 

Wittemyer, G., Getz, W. M., Vollrath, F., & Douglas-Hamilton, I. (2007). Social dominance, seasonal 551 

movements, and spatial segregation in African elephants: a contribution to conservation 552 

behavior. Behavioral Ecology and Sociobiology, 61(12), 1919-1931. 553 

Yasui, S., Konno, A., Tanaka, M., Idani, G. I., Ludwig, A., Lieckfeldt, D., & Inoue‐Murayama, M. 554 

(2013). Personality Assessment and Its Association with Genetic Factors in Captive A sian and A 555 

frican Elephants. Zoo biology, 32(1), 70-78. 556 

Harris, M., Sherwin, C., & Harris, S. (2010). Elephants in UK Zoos. [on-line] Available from: 557 

https://webarchive.nationalarchives.gov.uk/20130402230215/http://archive.defra.gov.uk/wildlife-558 

pets/zoos/documents/elephant-forum-1007.pdf  559 

 560 

Tables 561 

Table 1. Akaike's Information Criteria (AIC) and generalized chi-square statistics from generalized 562 

linear models with and without random observer effects. 563 
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Response Chisq 

df AICC with 

observer effect 

AICC without 

observer effect 

Foraging 5.53 5.64 2236.39 2251 

Locomotion 1.44 1.57 964.88 985.41 

Resting 5.88 7.06 2935.54 3329.33 

Social 2.41 3.17 2045.02 2222.03 

Repetitive 5.34 6.19 3480.75 3723.24 

           564 

Table 2. F-tests for factorial effects of time-of-day and diet change on behavior frequencies. 565 

Behavior Effect DF Den DF F Value Prob F 

Foraging Diet_Change 1 376 0.22 0.6378 

Foraging Time_of_Day 2 376 198.51 <.0001 

Foraging Diet_Change * Time_of_Day 2 376 2.69 0.0692 

Locomotion Diet_Change 1 376 0.06 0.8021 

Locomotion Time_of_Day 2 376 4.39 0.013 

Locomotion Diet_Change * Time_of_Day 2 376 0.44 0.6459 

Resting Diet_Change 1 376 0.01 0.9277 

Resting Time_of_Day 2 376 122.77 <.0001 

Resting Diet_Change * Time_of_Day 2 376 0.39 0.6752 

Social Diet_Change 1 376 0.03 0.8546 

Social Time_of_Day 2 376 9.25 0.0001 

Social Diet_Change * Time_of_Day 2 376 3.2 0.0419 

Repetitive Diet_Change 1 376 1.89 0.1698 

Repetitive Time_of_Day 2 376 88.56 <.0001 

Repetitive Diet_Change * Time_of_Day 2 376 0.34 0.7126 
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      566 

Table 3. F-tests for hormone effects from generalized linear models for each behavioral category. 567 

Behavior Sex DF Den DF F Value Prob F 

Foraging Female 1 254 22.38 <.0001 

Foraging Male 1 254 24.2 <.0001 

Locomotion Female 1 254 0.06 0.7995 

Locomotion Male 1 254 0.26 0.6113 

Resting Female 1 254 0 0.9585 

Resting Male 1 254 26.96 <.0001 

Social Female 1 254 12.07 0.0006 

Social Male 1 254 4.36 0.0378 

Repetitive Female 1 254 53.91 <.0001 

Repetitive Male 1 254 4.08 0.0445 

 568 

Table 4. F-tests analyzing how group size affects elephant behavior. 569 

Behavior F Value Prob F 

Foraging 2.01 0.0924 

Locomotion 2.39 0.0506 

Resting 2.34 0.0544 

Social 4.46 0.0016 

Repetitive 1.31 0.2668 

 570 

 571 

Figures 572 
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 573 

Figure 1. Pattern of behaviors displayed with respect to time of day before and after the change in diet.  574 

 575 
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 576 

Figure 2. The proportion of behaviors displayed across hormonal cycle for female (follicular and luteal) 577 

and male (musth and non-musth) elephants.  578 

 579 
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 580 

Figure 3. Differences in affiliative (positive) and agonistic (negative) behaviors across male and female 581 

elephant hormone cycles.  582 

 583 
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 584 

Figure 4. Frequency of behaviors displayed for each group size.  585 

 586 
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 587 

Figure 5. Frequency of behaviors displayed by all individual elephants in the study.  588 

 589 

Appendix 1 590 

Table A1. Ethogram used in behavioral observations of elephants. 591 

Behavior Description 

Self-Maintenance Rubbing, scratching, throwing sand/dirt/hay/water/fecal material onto body, 

mudding, dusting, or digging. 

Resting – Standing No interactions with conspecifics, environment, or keepers; no bodily movement. 

Can be asleep or awake, while maintaining an upright position, supported by feet. 

. 

Resting – Lying 

down 

Position in which the elephant’s body is flat on the ground, and the animal 

appears to be sleeping or resting. No bodily movement apparent.  
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Resting – partial Animal’s body is lying on ground, but head still be upright. No bodily movement 

apparent. 

Resting – Stretch Elephant supports itself on its knees and elbows with rear legs extended back and 

front legs extended forward. 

Pacing Walking or running back and forth between point A and B or in a circle. May 

include eating. 

Rocking Swaying back and forth with no locomotion. May include eating. 

Other Repetitive 

Behavior 

Other recurrent behavior whose cause and function are unknown. May include 

eating. 

Locomotion Walking or running non-repetitively. 

Spinning Elephant turns in circle repetitively. 

Vocalization Elephant makes an audible sound. 

Forage – Exhibit 

Vegetation 

Browsing on trees/shrubs/grass. 

Forage – Prepared 

Diet 

Eating prepared diet (hay/grain/vegetables). 

Forage – Browse Eating cut browse. 

Forage - Sand Eating sand. 

Drinking Drinking from a pool or drinker. 

Interacting – Exhibit 

Structure 

Interacting with permanent exhibit structures. Does not include eating. 

Interacting – 

Fencing 

Touching or manipulating with cage bars/fencing, both on- and off-exhibit. 
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Interacting – 

Temporary 

Enrichment 

Manipulating any temporary non-food enrichment items, such as tires or barrels. 

Bathe Bathing in exhibit pond. Does not include splashing water while standing at the 

pool edge. 

Other Solitary 

Behavior 

Other solitary behaviors (e.g. moving trunk, defecating, etc.). 

Agonistic – Non-

Contact 

Threats (ears extended, charging, head shake, pursuit). No physical contact 

between individuals. 

Agonistic – Contact Aggressive behavior involving physical contact between individuals; can include 

biting, head-butting, poking, striking with the trunk, or pushes. 

Affiliative – Contact Behaviors that involve any non-aggressive physical contact; includes trunk 

intertwining, trunk placed within another elephant’s mouth, contact with another 

elephant without obvious use of force. 

Displace Focal elephant approaches another elephant which then leaves its position; the 

focal elephant takes up the vacant position. 

Displaced Focal elephant moves from its position as another elephant approaches it; the 

other elephant than takes up the vacant position. 

Keeper Interaction Interacting with a keeper. 

Not Visible Elephant or its behavior is not visible to the observer. 

Other Elephant engages in any behavior that does not meet the above behaviors. 

      592 

Table A2. Observation budgets of each elephants within social groups, pre-diet change, and post-diet 593 

change. 594 

Subject Observations by Group ID* Observations by Diet 

Change 

Total # 

Observations 
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1 3 6 7 8 10 11 12 16 Pre-Diet 

Change 

Post-Diet 

Change 

 

Male 1 636 1082 
       

604 1114 1718 

Male 2 90 90 313 115 60 
 

205 1105 
 

569 1409 1978 

Female 1 
 

1261 144 60 199 316 
   

693 1287 1980 

Female 2 
  

261 
 

140 
  

1144 317 430 1432 1862 

Female 3 
  

229 
 

231 
  

1085 405 546 1404 1950 

Female 4 
 

983 205 60 199 395 
 

60 
 

610 1292 1902 

 595 

*Group IDs:  596 

Group ID Individuals in Group 

1 Male 1 

3 Male 1, Female 1, Female 4 

6 Female 1, Male 2, Female 2, Female 3, Female 4 

7 Female 1, Male 2, Female 4 

8 Female 1, Female 2, Female 3, Female 4 

10 Female 1, Female 4 

11 Male 2 

12 Male 2, Female 2, Female 3 

16 Female 2, Female 3 

 597 


