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Abstract

:

Environmental enrichment can be used to improve the welfare of dolphins in zoos and aquariums. Bottlenose dolphins under professional care are typically provided with a range of enrichment that has a variety of features and levels of complexity at various frequencies. In the present study, a subset of data from a larger study entitled “Towards understanding the welfare of cetaceans in zoos and aquariums” (colloquially called the Cetacean Welfare Study) was used to examine the relationship between activity level and enrichment buoyancy as well as enrichment provisioning schedules. Survey data were collected from accredited zoos and aquariums related to the types of enrichment provided to the dolphins and the frequency and duration they were supplied. Non-invasive bio-logging devices were used to record the dolphin kinematics one day per week over the course of two five-week data collection periods. Activity level related positively with the total duration of time non-stationary enrichment was provided. In addition, providing a larger number of enrichment types each between 26% and 50% of the days in a month (i.e., rotating many different types of enrichment across days on a moderate schedule) was positively related to activity level. Activity level was negatively related to the number of times sinking enrichment was provided. Understanding how the temporal schedule and features of various types of enrichment are related to activity levels will aid in developing progressively more effective enrichment programs.
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1. Introduction


Environmental enrichment is a tool used by animal care staff to improve the welfare of cetaceans under professional care. Environmental enrichment is designed to provide opportunities for mental and physical stimulation and to encourage species-appropriate behavior through the addition of stimuli [1,2]. The goals of enrichment are to promote engagement, increase behavioral diversity, provide opportunities for behavioral choice, and give the animals control over their environment [3,4,5,6]. To achieve these objectives, environmental enrichment programs can incorporate enrichment types that function to stimulate cognitive, visual, auditory, feeding, and social systems [7].



Animals engaging in species-appropriate levels of activity is an important indicator of welfare [8]. While larger habitat sizes have been correlated with increased traveling distances for some terrestrial species [8], expanding the size of a habitat does not always result in increased habitat use or positive welfare. For example, chimpanzees (Pan troglodytes) transferred to a larger habitat did not locomote more often after the transfer [9]. Similarly, larger habitats were not associated with increased locomotion for African (Loxodonta africana) and Asian (Elephas maximus) elephants [10]. For these elephants, feeding diversity and an unpredictable feeding schedule were most influential in walking distance.



Enrichment is one tool that has been used to increase active behaviors and locomotion in several species in zoo environments. For example, food enrichment increased activity by 30% on days when it was provided to Asian elephants [11]. Hiding food inside of objects and throughout the enclosure of harbor seals (Phoca vitulina) increased the rate of species-appropriate foraging behaviors [12]. Food enrichment also increased the active behaviors of six species of felids [13]. Enrichment objects and problem-solving tasks are effective tools for increasing positive social play for chimpanzees (Pan troglodytes) and bottlenose dolphins (Tursiops truncatus) [14,15,16]. However, when floating ball and buoy enrichment is available to bottlenose dolphins, average swimming speeds can decline as they spend time swimming at a slower speed around the enrichment [17]. While many aspects of environmental enrichment have been investigated for bottlenose dolphins, very little has examined its relationship with activity level. For a detailed review of marine mammal enrichment in zoos and aquariums, see Brando et al. [18].



In addition to examining activity levels through monitoring active and locomotive behaviors, bio-logging tags can be used to record data about an individual animal’s movement and orientation [19,20,21,22]. Bio-logging tags record fine-scale information related to an animal’s movement, behavior, physiology, and/or environment [23]. In zoos, these types of wearable tags have been deployed to investigate activity budgets [11,22,24], recumbency [25,26], walking distances/locomotion [10,27,28], estrus [29], body orientation [24], and behavioral states [30]. Bio-logging devices are powerful tools for monitoring aspects of activity-related welfare as activity level is a contributor to and an indicator of health [31]. For example, low activity levels can be considered an indicator of poor welfare [32,33], while active behaviors can mitigate the risk of developing some illnesses [34,35,36]. For bottlenose dolphins under professional care, the frequency of receiving new enrichment on a monthly/weekly basis has been associated with increased activity level when compared to receiving new enrichment less often [37]. In addition, providing enrichment on a random schedule was associated with reduced activity level when compared to a predictable schedule.



Previous research suggests that enrichment can be used to improve animal welfare by increasing activity levels [10,11,12,13]. The relationships between ODBA and demographic, training, and environmental variables such as age, sex, training session duration, habitat type, and social management were explored in a prior publication [37]. The findings suggested that receiving enrichment on a random schedule was associated with lower ODBA values than receiving it on a predictable schedule, and higher ODBA values were associated with providing novel enrichment on a monthly/weekly schedule compared to a yearly/year+ schedule. Thus, the goal of the present study was to dive deeper into the relationships between ODBA and enrichment features. The present study explored more deeply how access to enrichment and the features of the enrichment are related to the activity levels of dolphins in accredited zoos and aquariums.




2. Materials and Methods


2.1. Subjects and Facilities


The data presented in the current study were collected as one component of a larger study entitled “Towards understanding the welfare of cetaceans in zoos and aquariums” (Cetacean Welfare Study). All zoos and aquariums accredited by the Alliance of Marine Mammal Parks and/or Aquariums or the Association of Zoos and Aquariums that housed common and Indo-Pacific bottlenose dolphins (Tursiops aduncus), beluga whales (Delphinapterus leucas), or Pacific white-sided dolphins (Lagenorhynchus obliquidens) in 2017 were contacted regarding participation in the Cetacean Welfare Study. Zoos and aquariums that agreed to participate were included in the study. Data were collected for two common bottlenose dolphins or Indo-Pacific bottlenose dolphins living in each of the participating habitats using a semi-random sampling design in order to create a balanced representation (i.e., age/sex) of dolphins under professional care at these locations. Bio-logging tag (MTags) data were collected from a total of 65 dolphins at 35 facilities. Participating facilities were in Bermuda (n = 1), Hong Kong (n = 1), Jamaica (n = 2), Mexico (n = 15), Singapore (n = 1), Spain (n = 1), and the United States (n = 14). Dolphin habitats included both professionally managed zoo/aquarium habitats and professionally managed ocean habitats. Professionally managed zoo/aquarium habitats were defined as fabricated habitats with or without exposure to weather patterns. Professionally managed ocean habitats were defined as cordoned-off sections of coastal ocean, bays, lagoons, or waterways. In the present manuscript, they will be collectively referred to as “habitats”.




2.2. Data Collection


Data for the Cetacean Welfare Study were collected during two five-week data collection periods. The first data collection period was from July 2018 through November 2018, and the second period was from January 2019 through April 2019. The present study used a subset of data from the Cetacean Welfare Study, which included environmental enrichment data from a management survey (Section 2.3) and measures of physical activity obtained from MTags (Section 2.4). The management survey (English language) was sent to staff at participating facilities via an online link (Momentive Inc., San Mateo, CA, USA) in 2018. Six bottlenose dolphins that participated in the 2018 data collection period were unable to be retained for the 2019 data collection period, and six new bottlenose dolphins (from the respective habitat) were added to the study for the second data collection period. Surveys for the additional six individuals added to the 2019 data collection period were distributed in 2019. Upon submission, response reports were stored on a secure server and were de-identified for analysis. To collect bio-logging data, two bottlenose dolphin participants at each location wore the MTags on a Tuesday and Friday alternating schedule. The MTags were worn throughout the dolphin’s normal daily activities once per week.




2.3. Management Survey


Staff from each of the participating zoos and aquariums completed a survey of management practices related to their two focal dolphins. Survey respondents were animal care and management staff who worked directly with the focal dolphins. Each focal dolphin’s name was embedded in the questions to ensure that responses were specific to each observed dolphin. Experts in animal welfare, cetacean management, and veterinary medicine developed the survey questions. Questions were presented conditionally based on the previous response. The survey requested information regarding the dolphin’s demographic information, the facilities’ enrichment and training practices, and the habitat characteristics. Specifically, the enrichment section included questions about the types of enrichment available to the dolphins, the enrichment’s features (i.e., floating or sinking), the number of days per month the focal dolphin had access to the enrichment, and the average duration of time that the dolphin had access to the enrichment (Supplementary Material). The options for types of enrichment included: above water and scuba play, balls/buoy, boomer/beach balls, bubble machines, changing conspecifics, dead fish, feeder balls/spools, foam rollers/bats/sticks, hula hoops, ice/gelatin, kayaking/Zorb balls, Legos/dive bricks, live fish, mats/sleds/icebergs, mirrors/television/movies, noodles, puzzle feeders, rub ropes/seaweed boas, tubs, underwater music/sounds, underwater window play, and water spray/brush boards.




2.4. Bio-Logging Data


MTag bio-logging devices were used to monitor activity levels. MTags were 150 mm long and 76 mm wide and were attached to the dolphins non-invasively approximately 20 cm behind the blowhole via four silicone suction cups. The silicone suction cups were specially designed to attach to the dolphins without impact to the skin. Focal dolphins were trained using positive reinforcement to wear the MTags prior to data collection. MTags could be easily removed by the animal care staff at any time. Similar biologging devices have been used extensively with wild dolphins and whales prior to application in this study. The MTag had a hydrodynamic profile to reduce drag imparted to the dolphin [38]. The MTag’s electronics were based on the Loggerhead Instruments OpenTag3 platform (Loggerhead Instruments, Florida, USA) with the goal of designing a bio-logger for dolphins under professional care. The primary board of the OpenTag3 contains a 9-degree-of-freedom (DOF) inertial measurement unit (IMU; accelerometer, magnetometer, and gyroscope) and sensors to measure environmental pressure and temperature. IMU data were sampled at 50 Hz (i.e., samples per second), and all other sensor data were sampled at 5 Hz. The board was encased in epoxy for waterproofing and mounted in a 3D-printed housing (stereolithography on a Formlabs Inc. (Somerville, MA, USA) Form 2™ printer).




2.5. Enrichment Variables


Features of enrichment that were potentially relevant to dolphin welfare were selected to examine their relationship with activity levels. The types and features of environmental enrichment used by the participating facilities are presented in Table 1. The buoyancy of each type of enrichment was classified as floating, sinking, or non-stationary. Non-stationary enrichment was defined as enrichment that either existed or could be moved manually or autonomously through various depths in the water column or above the surface. Enrichment was classified as either simple or complex based on its membership to four categories. Categories included: cognitive, food, sensory, and social enrichment. If an enrichment type was only a member of one category, it was considered to be simple enrichment. If an enrichment type was a member of multiple categories, it was considered to be complex enrichment.




2.6. Data Analysis


Descriptive statistics were calculated for the number of facilities that provided each category of floating, sinking, non-stationary, simple, and complex enrichment. Four variables were created: (1) The total number of times dolphins were provided with each enrichment category (i.e., cognitive, food, sensory, and social) was calculated by summing the number of times the enrichment in each category was provided; (2) The total duration that each category was provided was calculated by summing the duration that each type of enrichment within in that category was provided; (3) The percentage of the month associated with each type of enrichment was calculated by dividing the total number of times each type was provided by the number of days in the month; (4) The percent of the month that each enrichment type was provided was then categorized as having access 0–25%, 26–50%, 51–75%, or 76–100% of the month. The number of enrichment types in each category was summed to create the “Received %” variables. As a simple example, dolphins could receive five types of enrichment in a month that included underwater window play six times, puzzle feeders ten times, hula hoops eight times, kayaking sixteen times, and rub ropes twenty-six times. This would result in one type of enrichment in the 0–25% variable, two types in the 26–50% variable, one type in the 51–75% variable, and one type in the 76–100% variable. The variable is representative of how much of the month the dolphins receive each different type of enrichment in the program, not the total number of days enrichment is provided.



MTag data were selected during times in which dolphins were outside of formal training sessions. The accelerometer, gyroscope, and magnetometer data on the MTags were used to estimate animal orientation (pitch, roll, and heading) [39]. Dynamic pitch was calculated by subtracting the static (low-pass filtered) pitch component from the original pitch data. A moving average filter with window size of 1.5 s was used for the low-pass filter. Specific acceleration was calculated by subtracting the gravitational component from the total accelerometer measurement, where the gravity direction was inferred using the estimated orientation of the animal. Overall dynamic body acceleration (ODBA) was calculated from the accelerometer data and was used to parameterize relative activity of the animal [40]. A moving average filter with a two-second window was used during the ODBA calculation. Analyses were conducted in MATLAB 9.7.0 using custom scripts.



Dolphins were included in the study if they had more than 240 min of MTag data recorded in either data collection period. If the first data collection period had more than 240 min of data, it was used in the analyses. If not, the second data collection period was used if there were more than 240 min of data. If neither data collection period had more than 240 min, the dolphin was excluded from the analyses. Data from a single data collection period were used because dolphins without qualifying data in both periods would have to be excluded entirely during the construction of the generalized estimating equation (GEE) models. This data selection method maintained a large sample size and prioritized investigating variability across accredited facilities rather than within individuals. An independent t-test and a Chi-square test of significance were used to determine if the age and sex of the sample in the final data set were statistically different from the group of dolphins originally selected for participation.



Statistical models were examined using GEEs due to the non-normal distribution of the data. GEEs do not require data to be transformed, which preserves the interpretability of the results [41,42]. Facility ID was controlled for in all models and was treated as a random effect with an independent correlation structure. Initial models were built with univariate level predictors. Univariate models where p < 0.15 were retained to develop multivariate models [10,43]. The multivariate model with the lowest quasi-likelihood under the independence model criterion (QIC) value and highest number of significant independent variables was selected as the final model. Analyses for the regression models were completed in SPSS 27 (IBM, New York, NY, USA).





3. Results


The final dataset included MTag deployments from 60 bottlenose dolphins (male n = 35, female n = 25) at 31 facilities after excluding dolphins that did not meet the minimum criteria. The sex (χ2(1, n = 125) = 3.623, p = 0.057) and age (t(123) = 0.542, p = 0.589) distributions of the group included in the analyses were not significantly different than those in the group prior to excluding dolphins that did not meet the inclusion criteria. The final group included 57 common bottlenose dolphins and three Indo-Pacific bottlenose dolphins that ranged in age from 3 to 44 years (mean 16.48 ± 9.84 SD) at the start of data collection. In total, 35 participants lived in professionally managed zoo/aquarium habitats, and 25 participants lived in professionally managed ocean habitats. The mean maximum depth was 5.63 m in ocean habitats and 8.78 m for zoo/aquarium habitats. Lauderdale and colleagues [44] provided a detailed report of the characteristics of the habitats included in the present study. Data were collected for 1053.35 h (range: 255 to 2043 min per dolphin) during periods in which the dolphins were outside of formal training sessions. The mean ODBA value for all participants was 2.31 ± 0.63 m/s2. The number of habitats that provided each enrichment type is provided in Table 2.



The enrichment factors associated with ODBA were evaluated. Univariate correlations where p < 0.15 were observed between ODBA and four variables (Table 3). Descriptive statistics for independent variables considered for multivariate analysis are presented in Table 4.



The final multivariate model included the number of times sinking enrichment was provided, the total duration non-stationary enrichment was provided, and the number of the types of enrichment provided between 26% and 50% of the month (Table 5). Lower ODBA values were associated with the number of times sinking enrichment was provided (β = −0.012, p < 0.001). Higher ODBA values were associated with higher total durations of non-stationary enrichment (β = 0.001, p = 0.001), and more types of enrichment being provided between 26% and 50% of the month (β = 0.046, p = 0.038).




4. Discussion


Activity levels (i.e., ODBA) were related to three features of environmental enrichment associated with both the duration and frequency of provisioning. Previous research suggests that environmental enrichment can be effective in increasing the habitat use and social play of bottlenose dolphins [45,46]. However, behavioral responses to different enrichment types and objects vary [47]. In the present study, dolphins receiving sinking enrichment more often had lower activity levels. Higher activity levels were related to dolphins receiving non-stationary enrichment for longer periods of time and receiving more types of enrichment between 26% and 50% of the month.



Dolphins under professional care occupy both the horizontal and vertical space within their habitat, which presents opportunities to implement enrichment that can be interacted with in a variety of locations. Many of the accredited zoos and aquariums participating in this study provided enrichment that extended throughout the vertical space available to dolphins. Using enrichment in a certain location can effectively increase use of that part of the habitat [15,45]. In the present study, the activity levels of dolphins were lower for those that were provided with sinking enrichment more often. One explanation for this result may be that the types of sinking enrichment used by the participating facilities promoted stationary interactions. For example, sinking hula hoops may have encouraged dolphins to interact with them in a fixed location due to their weight, whereas floating hula hoops may have facilitated the ability to swim with them more easily. Another potential contributor to the reduction in ODBA values were changes in swimming gait at deeper depths. During deeper dives, dolphins may employ a fluke-and-glide swimming gait, and spend more time gliding during ascent, both of which may have reduced the acceleration measured by the tags [22]. Therefore, potentially interacting with sinking enrichment at the bottom of a habitat may have resulted in small reductions in ODBA. However, the data suggested that the magnitude of this effect was quite small and that promoting the use of this part of the habitat may outweigh a very small reduction in activity.



While most of the enrichment provided by participating facilities was either floating or sinking, facilities also provided enrichment that was non-stationary (i.e., existed or could be moved manually or autonomously through various depths in the water column and above the surface). The effectiveness of these activities being used as enrichment has not previously been investigated for bottlenose dolphins. However, these types of enrichment have been effective in improving the welfare of other species under professional care. For example, providing opportunities to hunt live fish reduces stereotypic behavior in Sumatran tigers (Panthera tigris sumatrae) [48] and diversifies the behaviors of fishing cats (Prionailurus viverrinus) under professional care [49]. Activity levels of the dolphins in the present study were higher for those that had access to non-stationary enrichment for longer periods of time. While the results suggested that the magnitude of this effect was small, the positive relationship to ODBA levels may have been a result of the movement facilitated by these types of enrichment. Above water play, underwater window play, scuba play, changing conspecifics, and live fish may have encouraged the dolphins to increase their activities above levels seen during low-intensity swimming.



The predictability of positive events is thought to be an important factor affecting welfare [50]. Varying the temporal predictability of the presentation of enrichment and rewarding events can reduce the likelihood of habituation and maintain an animal’s motivation to engage with the activity [51,52,53]. Previous research suggests that the engagement with enrichment remains highest when it is provided on a variable schedule at an intermediate level [51,53,54]. Presenting enrichment on an unpredictable or variable schedule can also result in decreased standing behaviors, decreased stereotypic behavior, increased behavioral range, and increased exploratory and foraging behaviors [49,54,55,56,57,58]. In the present study, dolphins who were provided with more types of enrichment between 26% and 50% of the days in a month had higher ODBA values. This suggested that, in general, providing each specific enrichment type between a quarter and half the month may be positively related to interactions with the enrichment, which may be associated with higher activity levels. Importantly, some dolphins have preferred enrichment objects that are resistant to habituation [47], and this should be considered when developing an enrichment schedule. Notably, this finding is not suggesting that enrichment should only be provided 26% to 50% of the month, but that providing more types of enrichment on this moderate schedule is related to higher activity levels. The enrichment programs in the present study generally included many enrichment types that can be provided simultaneously and rotationally [44]. For example, dolphins could receive three different enrichment types each day that are rotated from a program housing nine types. If provided equally, the dolphins would receive each enrichment type approximately 10 times per month but, importantly, would still be receiving multiple types of enrichment each day. Furthermore, each enrichment type (e.g., puzzle feeders) could include multiple objects or activities that could be rotated through as well.



For the present study, limitations include any behavioral changes that resulted from wearing the MTags. Although dolphins were trained and habituated to the MTags prior to data collection, it is possible that the focal dolphins modified their behavior due to its presence. In addition, the ODBA variable was not inclusive of all the time that the focal dolphin had access to enrichment, and behavioral observations were not collected to identify direct interactions with enrichment. Data were not limited to times in which dolphins had access to or were interacting with enrichment as enrichment has been associated with modified habitat use even when the enrichment is not directly available [45]. The findings were also limited by other factors that may influence ODBA including the dolphin’s diet, training schedule, and social grouping. ODBA is an accurate proxy for activity level and generally proportional to the animal’s activity but does have some limitations in an aquatic environment. Drag is reduced at deeper depths [59], which may result in lower ODBA values than those that would occur if the dolphin were swimming near the surface. In addition, less water resistance at and above the surface could result in higher measured acceleration for actions used while interacting with enrichment (e.g., tossing an object) than the same action at a deeper depth.




5. Conclusions


Both the frequency and duration that enrichment was provided to dolphins were related to activity levels. Higher ODBA values were associated with schedules that provided more enrichment types between 26% and 50% of the month. This suggested that rotating through daily enrichment types to present each different type of enrichment seven to 15 days of the month (excluding potentially preferred enrichment items) may be a beneficial frequency to promote higher activity levels. The number of times sinking enrichment was provided and the duration non-stationary enrichment was provided were also related to activity level. However, the magnitude of the effect was small, suggesting that they may not be a favorable method for increasing activity levels. Promoting welfare by prioritizing expanding habitat use with sinking enrichment may be more important than the small reductions in activity level, which may be due to changes in movement patterns at deeper depths or related to the stationary nature of sinking enrichment. Maintaining species-appropriate activity levels is a meaningful factor to ensure positive welfare. Examining fine-scale changes in provisioning is a key next step. Understanding how the temporal presentation and features of various types of enrichment are related to activity levels will aid in developing progressively more effective enrichment programs for the future.
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Table 1. Classification of enrichment as simple or complex based on its categorization as cognitive, food, sensory, and/or social enrichment.






Table 1. Classification of enrichment as simple or complex based on its categorization as cognitive, food, sensory, and/or social enrichment.














	Enrichment Type
	Buoyancy
	Class
	Cognitive
	Food
	Sensory
	Social





	Above water and scuba play
	Non-stationary
	Complex
	✓
	
	✓
	✓



	Balls and buoys
	Floating, Sinking
	Simple
	
	
	✓
	



	Boomer and beach balls
	Floating, Sinking
	Simple
	
	
	✓
	



	Bubble machines
	Floating, Sinking
	Simple
	
	
	✓
	



	Changing conspecifics
	Non-stationary
	Complex
	✓
	
	✓
	✓



	Dead fish
	Floating, Sinking
	Simple
	
	✓
	
	



	Feeder balls and spools
	Floating, Sinking
	Complex
	
	✓
	✓
	



	Foam rollers, bats, and sticks
	Floating, Sinking
	Simple
	
	
	✓
	



	Hula hoops
	Floating, Sinking
	Simple
	
	
	✓
	



	Ice and gelatin
	Floating, Sinking
	Simple
	
	✓
	
	



	Kayaking and Zorb balls
	Non-stationary
	Complex
	
	
	✓
	✓



	Legos and dive bricks
	Floating, Sinking
	Simple
	
	
	✓
	



	Live fish
	Non-stationary
	Complex
	✓
	✓
	✓
	



	Mats, sleds, and icebergs
	Floating, Sinking
	Simple
	
	
	✓
	



	Mirror, television, and movies
	Floating, Sinking
	Simple
	
	
	✓
	



	Noodles
	Floating, Sinking
	Simple
	
	
	✓
	



	Puzzle feeders
	Floating, Sinking
	Complex
	✓
	✓
	✓
	



	Rub ropes and seaweed boas
	Floating, Sinking
	Simple
	
	
	✓
	



	Tubs
	Floating, Sinking
	Simple
	
	
	✓
	



	Underwater music or sounds
	Non-stationary
	Simple
	
	
	✓
	



	Underwater window play
	Non-stationary
	Complex
	✓
	
	✓
	✓



	Water spray and brush boards
	Floating, Sinking
	Simple
	
	
	✓
	










[image: Table] 





Table 2. Number of habitats that provided each type of enrichment categorized as floating, sinking, and nonstationary.
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	Enrichment Type
	Floating

Enrichment
	Sinking

Enrichment
	Non-Stationary

Enrichment





	Above water and scuba play
	-
	-
	24



	Balls and buoys
	31
	8
	-



	Boomer and beach balls
	16
	4
	-



	Bubble machines
	6
	4
	-



	Changing conspecifics
	-
	-
	10



	Dead fish
	5
	5
	-



	Feeder balls and spools
	11
	1
	-



	Foam rollers, bats, and sticks
	6
	0
	-



	Hula hoops
	23
	10
	-



	Ice and gelatin
	20
	3
	-



	Kayaking and Zorb balls
	20
	0
	-



	Legos and dive bricks
	2
	1
	-



	Live fish
	-
	-
	1



	Mats, sleds, and icebergs
	20
	1
	-



	Mirror, television, and movies
	7
	7
	-



	Noodles
	7
	0
	-



	Puzzle feeders
	5
	1
	-



	Rub ropes and seaweed boas
	15
	11
	-



	Tubs
	9
	2
	-



	Underwater music or sounds
	-
	-
	6



	Underwater window play
	-
	-
	9



	Water spray and brush boards
	22
	1
	-







Note: An individual enrichment program may have included both floating and sinking versions of an enrichment type.
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Table 3. Univariate correlations between ODBA and independent variables.
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	Independent Variable
	n
	Beta
	p Value





	Floating Occurrences
	60
	0.001
	0.718



	Floating Duration
	60
	0.000
	0.811



	Sinking Occurrences
	60
	−0.006
	0.050 ^



	Sinking Duration
	60
	0.000
	0.618



	Non-stationary Occurrences
	60
	0.003
	0.546



	Non-stationary Duration
	60
	0.001
	0.003 *



	Simple Occurrences
	60
	0.000
	0.830



	Simple Duration
	60
	0.000
	0.655



	Complex Occurrences
	60
	0.006
	0.198



	Complex Duration
	60
	0.000
	0.091 ^



	Received 0–25%
	60
	−0.023
	0.154



	Received 26–50%
	60
	0.042
	0.122 ^



	Received 51–75%
	60
	0.036
	0.466



	Received 76–100%
	60
	−0.018
	0.752







^ p value < 0.15 used as threshold significant level for model building, * p value < 0.05.
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Table 4. Descriptive statistics for independent variables included in the multivariable modeling process.
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	Independent Variable
	n
	Mean
	SD
	Min
	Max
	Median





	Sinking Occurrences
	21
	22.55
	26.26
	0.00
	85.00
	14.00



	Complex Duration
	26
	333.71
	567.14
	0.00
	2400.00
	70.00



	Non-stationary Duration
	21
	93.87
	183.68
	0.00
	775.00
	15.00



	Received 26–50%
	25
	2.68
	2.749
	0.00
	10.00
	2.00







Note: n = the number of zoos and aquariums that provided enrichment included in the respective variable.
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Table 5. Results for the final model examining ODBA.
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	Variable
	Beta
	Std Error
	Lower 95%

CI
	Upper 95%

CI
	p Value





	(Intercept)
	2.319
	0.090
	2.143
	2.495
	<0.001



	Sinking Occurrences
	−0.012
	0.003
	−0.018
	−0.007
	<0.001



	Non-stationary Duration
	0.001
	0.000
	0.001
	0.002
	0.001



	Received 26–50%
	0.046
	0.022
	0.003
	0.090
	0.038
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