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Abstract

:

Ex situ amphibian populations are a key component of global amphibian conservation strategy, and optimal husbandry is vital to ex situ conservation success. Animal behavior can be used to inform captive welfare and improve husbandry practices. However, it has been little used for amphibians compared with mammals and birds. The goal of this study was to explore the effect of different colored tank backgrounds on the behavior of the critically endangered Lake Oku clawed frog (Xenopus longipes) in captivity. This was conducted by studying the behavior of a group of 24 captive frogs in 5 groups using established behavioral indicators of presumed stress. Resting and swimming behaviors, established in the literature as linked to acute stress, were recorded under conditions of three background colors and a standard husbandry control of no background. Frog groups were exposed to each background for five days with behavioral frequencies recorded daily from 11:00 until 13:00. Using generalized linear mixed models, we identified a significant effect of background days after the background was changed and the interaction between the two variables on both swimming and resting behavior. The results of this study suggest an initial response of stress to altering the background, modulated by the color of the background, followed by the extinction of the stress response such that by five days after the background change, behaviors were similar to the baseline and indistinguishable between treatments. Overall, this study suggests that frog stress behavior was not differentially directly affected by green, grey, black, or transparent backgrounds but that green and grey backgrounds were associated with the smallest stress response to background change. These colors may therefore be recommended to reduce the impact of stress from disturbance.
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1. Introduction


Ensuring optimal welfare standards for captive species is imperative [1]. Inadequate welfare standards can result in chronically stressed individuals and can affect species’ health [2], as well as pose ethical implications for housing individuals in captivity. Amphibian welfare is poorly studied and subject to negative bias in research [3,4], but species-specific welfare understanding needs to be developed for amphibians to inform the often complex and problematic husbandry needs of this group [5]. Developing this foundation of research can improve the way captive animals are cared for [6], and given the threats many amphibians face [7], enhancing amphibian care should be a priority to advance ex situ conservation goals. Ex situ conservation is an essential component of conservation by enabling research, breeding, and education programs for a species [8].



Stress can be expressed in behavioral and/or physiological aspects [9]. Behavior can be used to indicate welfare state and to quantify the impact of husbandry interventions, non-invasively using skilled interpretation [10]. There are many aspects of enclosure design that can affect amphibian welfare [5,11,12,13,14,15]. One aspect of this is the color of the tank background, which has been seen to influence behavior and welfare [16,17] due to ecological relevance, such as the perceived predation risk of species that rely on cryptic camouflage, perception of the internal architecture of the captive environment, and visual ability.



The Lake Oku clawed frog (Xenopus longipes) is endemic to Lake Oku in Cameroon and is classified as Critically Endangered with a declining population [18]. This species has experienced recurring mortality events, further decreasing the population [19,20]. A population of X. longipes is kept at ZSL London Zoo to facilitate ongoing conservation research [21]. X. longipes is a close relative of the African clawed frog (Xenopus laevis), a species often used for research, such as developmental biology [22,23]; therefore, X. longipes is deemed an appropriate candidate for applying husbandry research in a zoo context. However, research by Dias et al. (2022) [24] revealed that the behavioral repertoire and potential behavioral indicators of stress differ greatly between the two species, despite being closely related, with X. longipes not exhibiting the walling behavior deemed an indicator of stress in X.laevis [16] but instead performing a significant increase in swimming behavior [24]. Therefore, the stress indicator identified by Dias et al. (2022) [24] of increased rates of swimming should be used to assess the enclosure design effect on welfare to improve husbandry practices for X. longipes in order to provide species-specific evidence to guide husbandry for this species.



This study expanded on a proxy of stress previously identified by Dias et al. (2022) [24] and investigates changes in this behavior in response to the presence of an environmental change in order to identify welfare implications of enclosure design which has been previously suggested to influence behavior and welfare [16,17]. The outcomes of this research will be used to inform husbandry practices for the species. This study also explored the use of low-cost dashboard car cameras in X. longipes tanks to record frog behavior.




2. Materials and Methods


2.1. Study Subjects


The study population consisted of 24 wild-caught adult X. longipes, including 7 males and 17 females, housed at ZSL London Zoo since being obtained legally and ethically from the wild in 2008 [21]. Frogs were housed across five tanks in mixed-sex groups. Tanks 1, 2, and 5 contained five frogs, tank 3 contained six frogs, and tank 4 contained three frogs. While the variation in the number and sex ratio of frogs in each tank is recognized by the authors, alteration of tank grouping was deemed to be an unnecessary cause of stress in this study. Each tank contained several terracotta tunnels, large stones, and a section of plastic square-holed mesh, with very similar enclosure layouts across all tanks. Husbandry was otherwise as described by Dias et al. (2022) [24]. The data were collected by a lone observer who had received prior training and practice in this species by members of staff at ZSL London Zoo in order to accurately identify each X. longipes behavior.




2.2. Ethical Approval


Ethical approval was not needed for this study because ZSL London Zoo deems the activities conducted within usual husbandry practices. The Royal Veterinary College, therefore, deemed that explicit ethical approval was not necessary following the conclusion from ZSL London Zoo. The project was registered and approved by ZSL (project registration number ZDR462).




2.3. Data Collection


Five dashboard car cameras (Orskey 1080P resolution with a 6-glass lens with 170 Degree wide angle lens; Orskey, Shenzhen, China) were mounted on tripods, equipped with a 32 GB SD card each, and placed in front of each tank. Electrical tape was used to mark the three points where the tripod legs stood to ensure that the tripod and camera were in the same place for all recordings. Before data collection began, all tanks were cleaned to ensure the background color was visible. The dashboard cameras were plugged individually into timers which were programmed to turn the cameras on and off for observation periods.



The X. longipes were recorded for four weeks in total. Each tank was exposed to four treatments, the order of which were randomly allocated: none (no background; clear glass only as per historic husbandry), green (RGB:31CE36), grey (RGB: 3B3F3F), or black (RGB: 090909). The codes relate to the ratio of red, green, and blue, as well as other colors that create the overall color. The colors used, according to the manufacturer, Simply Plastics (Colchester, UK), were black, grey 9981, and green 650. These colors were selected based on how they reflect the colors found in the natural habitat of the X. longipes and the conclusion from previous research that a black background resulted in a reduced stress response compared to a white background [16]. The acrylic sheets were fixed to the back of the tank using 3 cm strips of black adhesive Velcro strips on all four corners of the acrylic sheets. Backgrounds were 3 mm thick and measured 300 mm in width by 350 mm in length, completely covering the backs of the aquaria. Backgrounds were affixed to the outside of the tank on the back face at 09:00 on the Monday of each week using Velcro tape, and animals were given 2 h to settle into the new condition after the disturbance caused by the background being added. This period was based on experience with the species. The backgrounds remained in place for one week at a time.



Each treatment lasted seven days. The cameras began recording at 11:00 for two hours. Recording took place at the same time each day on Monday, Tuesday, Thursday, and Friday. The SD cards were changed on Wednesday, and no observations took place on this day. The rotation of tank backgrounds is shown in Table 1.



Only swimming and resting behavior were observed because they were identified by Dias et al. (2022) [24] to be indicators of stress. Instantaneous scan sampling was used to record swimming and resting behavior at a frequency of one-minute intervals; i.e., the total count of frogs engaged in each behavior was counted at each minute interval. All frogs were in sight at all times. Behavioral definitions followed the ethogram developed by Dias et al. (2022) [24]. Swimming was defined as the subject moving from one location to another through the water, exercising front limbs, back limbs, or both to travel. This may be horizontally or vertically. Resting was defined as the subject being stationary. None of the subject’s limbs are being exercised to actively travel in any direction. This may be in the water or resting on a substrate.




2.4. Statistical Analysis


All analyses were run using R version 4.1.1 using RStudio Version 1.4.17 (RStudio Team, Boston, MA, USA).



Models included four variables. Measured behavior (Swimming or Resting) was the behavior count described above. Background was the color of the background of the aquarium. Day was the day after the background change (1–5, with 1 as the day of the change), treated as a continuous variable. Tank was the aquarium ID.



Generalized Linear Mixed Models, using lme4 [25] and lmertest packages [26] and assuming a Poisson distribution of residuals to account for count data, were used to model the data. Each model used the measured behavior as the response variable, Background as a fixed effect (as we were interested in the specific effects of these colors to inform management protocols), and Day as a fixed covariate. Models were built with and without an interaction between Day and Background. We also included Tank as a random effect allowing variation in random intercept for each level in each model. The random effect controlled for repeated measurements from the same tank and the variation in frog count between tanks. The tank, rather than each individual, was used as the experimental unit, as behaviors were counted for each tank (see above). Within-tank frog count was confounded with tank number, and rearrangement of social groups was not possible due to predicted negative impacts on behavior and welfare [27], so the number of frogs could not be included as an additional predictor [24].



The Akaike Information Criterion (AIC) was used to find the best structure for the model by comparing models with and without interaction; the model with the lowest AIC was chosen for analysis. Temporal autocorrelation was assessed using the nlme package to plot the autocorrelation function (ACF). ACF was always <0.2 and was stable over time; we, therefore, did not correct models for temporal autocorrelation. Model assumptions of distribution of residuals against fitted values were confirmed visually using the ggresid package [28]. Lastly, the ANOVA function of the car package [29] was used, with Type 2 Wald chi-squared tests, to test the effect of each factor (time, background, and interaction) through analysis of deviance with Wald chi-square tests.





3. Results


The AIC was lowest for the models that included the day, background color, and their interaction for both swimming and resting. Therefore, the interaction model was used for resting and swimming analysis. The swim interaction AIC was 2518.443, and the degree of freedom was 9. The resting interaction AIC was 1270.353, and the degree of freedom was 9.



Swimming decreased over time, with a significant interaction between Background and Day (see Figure 1 and Table 2 and Table 3). All backgrounds showed a significant decrease in swimming behavior over time relative to no background (Table 3). Resting increased over time after background change overall, with the slope varying significantly between backgrounds (see Table 2 and Table 3; Figure 2).




4. Discussion


Our models detected significant effects of background, days post-background change, and the interaction between variables on both swimming and resting behaviors. All background colors elicited, to varying degrees, an increase in swimming and a decrease in resting behavior immediately after installation. After this point, swimming behavior decreased, and resting behavior increased over the five days post-change, at different rates until, at five days post-change, both behaviors were exhibited at similar levels under all background conditions. Given the association between these behaviors and likely stress response [24], these results suggest an initial stress response to changing background, modulated by background color, followed by habituation over five days. Marginal R squared values indicate a relatively good model fit for swimming behavior but a poorer fit for resting, while conditional to marginal R squared ratios and random effect standard deviations indicate an important contribution of tank for resting and a relatively unimportant contribution for tank on swimming behavior. Swimming is the behavior positively associated with stressors in this species and is consequently the more important indicator of the two, while resting is simply the behavior most traded off against an increase in swimming behavior [24]. It is, therefore, more important to have a good model fit for this behavior, which is the case.



The initial increase in swimming and a decrease in resting frequency were observed in all five tanks immediately following the change to each of the four background options, which varied with the background color. This indicates a stress response as a result of environmental change (both the change in background and the vibrations associated with making the change), which was mediated by background color. The green and grey backgrounds resulted in the smallest initial increase in swimming and decrease in resting, suggesting that they mitigated some of the stress response to change. Predation pressure has resulted in high importance for camouflage in many amphibian species [30] and has likely driven the cryptic coloration of X. longipes. Green and grey background colors may enable the camouflage of frogs most effectively because the grey is most similar to the color of the X. longipes and the green background imitates the aquatic plant life of Lake Oku [31]. Similar results were found in X. laevis, which is known to rely on cryptic camouflage, with increases in corticosterone release and in stress-associated behaviors and reduction in body mass when housed with non-ecologically relevant background colors [16]. Green or grey background colors may, therefore, have a dampening effect on acute stress and be useful in the husbandry of X. longipes to mitigate against the effects of short-term stressors such as disturbance by humans.



Across all tanks, during the five-day observation period following background change, swimming decreased and resting increased until, at five days, both behaviors were the same under all treatments and were similar to baseline behaviors for this species [24]. This suggests that the frogs habituate to the change in background by 5 days post-change. In X. laevis, the proportion of walling behavior (a stress-elicited behavior absent in X. longipes, [24] indicated potential habituation to the tank background within 30 min [16]. In X. longipes, swimming behavior appears to be subject to much slower habituation than walling behavior in X. laevis, potentially because it may be a less acute stress-specific behavior and so may be less subject to threshold effects.



This study represents an initial investigation into background color for this species using a newly developed behavioral indicator, and several questions remain unaddressed. Effects of the specific order of backgrounds could not be explored due to limitations of experimental design constrained by timeframe and sample size.



Choice chambers have been used historically to inform amphibian husbandry and further understand welfare [32,33,34]. Preference tests to augment behavioral observations were outside of the scope of this study, but future work could further investigate background color using this approach. Similarly, Hilken et al. (1995) [35] showed the effects of background color on the growth rates of juvenile X. laevis, indicating more long-term physiological effects on this species. Should X. longipes be reproduced in captivity in suitable numbers, this experimental design could be used for this species. Physiological measures of welfare are necessary to validate the potential behavioral indicators of welfare. Currently, behavioral indicators of stress in X. longipes are founded on associations between behavioral changes and presumed acute stressors (capture and restraint of animals) [24]. Validation of this behavioral measure via corticosterone, as has been demonstrated in X. laevis [16], is a key next step in improving the robustness of stress indicators in X. longipes.




5. Conclusions


Our data suggest that background color may act as a modulator of stress response in X. longipes, as stress-linked behaviors were less pronounced with green and grey backgrounds than with black or no background following the disturbance associated with changing treatments. We detected evidence for habituation to new background colors, or the extinction of a stress response, as stress-linked behaviors adjusted and converged over five days to levels similar to baseline behavior in this species, suggesting that there is no long-term direct effect of background color on stress in this species. Our results, therefore, recommend the use of green or grey backgrounds for this species, not due to their direct effects but their apparent dampening effects on acute stress.
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Figure 1. Swimming count over time for each tank background, presented as swimming count for each tank on each day of the observation period. The grey area represents the standard error of the estimate. 
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Figure 2. Resting count over time for each tank background, presented as swimming count for each tank on each day of the observation period. The grey area represents the standard error of the estimate. 






Figure 2. Resting count over time for each tank background, presented as swimming count for each tank on each day of the observation period. The grey area represents the standard error of the estimate.
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Table 1. The rotation of colored acrylic sheets acting as backgrounds for the tanks over the data collection period. None refers to the lack of background, which also acted as a control measurement.






Table 1. The rotation of colored acrylic sheets acting as backgrounds for the tanks over the data collection period. None refers to the lack of background, which also acted as a control measurement.





	

	
Tank Number




	
1

	
2

	
3

	
4

	
5






	
Week of data collection

	
1

	
None

	
Black

	
Grey

	
Green

	
None




	
2

	
Black

	
Grey

	
Green

	
None

	
Black




	
3

	
Grey

	
Green

	
None

	
Black

	
Gre




	
4

	
Green

	
None

	
Black

	
Grey

	
Green
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Table 2. The results of the analysis of deviance analysis for both swimming and resting models.
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Behavior

	
Variable

	
Wald Chi-Square (Degrees of Freedom)

	
p Value






	
Swimming

	
Background

	
75.128 (3)

	
<0.0001




	
Day

	
488.226 (1)

	
<0.0001




	
Background: Day interaction

	
248.609 (3)

	
<0.0001




	
Resting

	
Background

	
8.152 (3)

	
0.04300




	
Day

	
149.566 (1)

	
<0.0001




	
Background: Day interaction

	
51.866 (3)

	
<0.0001
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Table 3. Model summary table of generalized linear mixed models swimming and resting behavior.






Table 3. Model summary table of generalized linear mixed models swimming and resting behavior.





	
Model

	
Parameter

	
Estimate

(SD for Random Effect)

	
Standard Error of Estimate (Variance for Random Effect)

	
t Value

	
p Value






	
Swimming

	
Black background

(relative to no background)

	
−0.29489

	
0.06577

	
−4.484

	
<0.001




	
Green background

(relative to no background)

	
−0.75298

	
0.07223

	
−10.424

	
<0.001




	
Grey background

(relative to no background)

	
−1.09762

	
0.07354

	
−14.925

	
<0.001




	
Day

	
−0.38828

	
0.01837

	
−21.141

	
<0.001




	
Black background:

Day interaction

	
0.15365
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