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        Chapter 1
A Cohort Study on the Health and Reproductive Success of Red Kangaroos (Macropus rufus) in Chattogram Zoo: Seasonal, Behavioral, and Antimicrobial Resistance Insights
[bookmark: _Toc178092406]1. Abstract
This research examines the care and rearing of six red kangaroos that were brought to Chattogram Zoo in Bangladesh from Holland. It represents a major attempt to manage and adapt an exotic species that is not indigenous to this study area. Direct observations, historical records of zoo authority, and structured questionnaires were used in the collection of data using both prospective and retrospective study techniques. Using STATA software, a Pearson Chi-square approach was used for statistical analysis, which provided important insights into the health and breeding habits of kangaroos in the area.
The results show a strong seasonal effect on disease prevalence, with 71.43% (significant P value = 0.000 < 0.05) of kangaroo cases happening in the wet season and 93.75% of cases during the summer, when the condition was found to be healthier. High visitor density was linked to a considerable drop in natural breeding (88.89% cases, significant P value = 0.006 < 0.05), which may indicate stress or disturbance from crowding. The study also shows a worrying correlation between the establishment of antimicrobial resistance (AMR) and the recurrent use of antibiotics, with 83.33% (significant P value = 0.011 < 0.05) of cases exhibiting AMR when antibiotics were used recurrently. 
Additionally, a strong correlation was found between feeding times and feed refusal, where 92.30% of feed was refused (significant P value = 0.001 < 0.05) when offered during visitor hours, compared to 82.35% granting when offered outside of visitor hours, underscoring the negative impact of visitor presence on feeding behavior.
The implications of these findings are profound for zoo management practices. To optimize kangaroo welfare, it is recommended that visitor access to the kangaroo enclosure be restricted, particularly during sensitive breeding and feeding times. Additionally, antibiotic usage protocols should be reassessed to prevent the escalation of AMR. Enhanced biosecurity measures and targeted care during the rainy season are essential to mitigate disease risks, while adjustments to feeding schedules could improve food intake. Lastly, developing vaccination strategies remains crucial to safeguard kangaroo health in captivity. This research provides a vital framework for improving kangaroos' care and conservation in non-native environments.

	Keywords: Red kangaroo management, Chattogram Zoo, exotic species, disease prevalence, visitor impact, antimicrobial resistance (AMR), feeding behavior, biosecurity, breeding success, wildlife conservation
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[bookmark: _Toc178092407]Chapter 2 
2. Introduction: 
Red kangaroos (Macropus rufus), the largest marsupials native to Australia, play a crucial role in maintaining the ecological balance in their natural habitats (Dawson, 1995). However, the relocation of these species to zoological environments, such as the recent introduction to Chattogram Zoo, presents unique challenges for animal health and welfare management. Seasonal variations significantly influence the disease prevalence in captive wildlife populations, and understanding these patterns is critical for developing effective management strategies (Sonia Altizer, 2006) (Robert J. Ossiboff1*, 2020). Additionally, the density of visitors to zoological parks has been shown to impact animal stress levels and natural breeding behaviors, with high visitor density often correlating with reduced breeding success and altered behavioral patterns (Sally L. Sherwen 1, 2019) (Ha, 2005).
Moreover, the widespread use of antibiotics in managing infectious diseases within zoo populations has raised concerns regarding antimicrobial resistance (AMR), which poses a significant threat not only to wildlife health but also to public health due to zoonotic transmission risk (K. TORNEKE, 2015) (Antimicrobial Resistance: A Global Emerging Threat to Public Health Systems, 2015). The repetitive use of antibiotics without adequate monitoring can lead to the emergence of resistant strains, further complicating disease management in confined settings (Kanako Ishihara, 2011). Finally, feeding regimens, including timing and dietary composition, are critical factors affecting animal welfare in captivity. Variations in feeding times have been associated with feed refusal and nutritional deficiencies, which can negatively impact growth rates and overall health (Joanne D. Altman, 2005).
This research is not only a scientific inquiry into the health and habits of red kangaroos but also a necessary step toward refining captive animal management practices in zoos worldwide. With a limited sample size of six kangaroos, this cohort study offers valuable insights while highlighting the limitations of small populations in wildlife research. By integrating data collected through direct observation, zoo records, and interviews, we aim to comprehensively understand how red kangaroos adapt to life in captivity under varied conditions.







[bookmark: _Toc178092408]Chapter 3 
3. Methodology		
[bookmark: _Toc178092409]3.1 Research Design
This study employed a prospective and retrospective cohort design to investigate several factors impacting the health and behavior of red kangaroos (Macropus rufus) at the Chattogram Zoo. The research focused on four key areas: (a) seasonal effects on disease prevalence, (b) the relationship between visitor density and natural breeding, (c) the correlation between recurrent antibiotic use and the establishment of antimicrobial resistance (AMR), and (d) the impact of feeding times on feed refusal behaviors.
[bookmark: _Toc178092410]3.2 Participants/Sample
The study was conducted on a cohort of six red kangaroos, that were imported from Holland to the Chattogram Zoo. This specific group was selected to ensure a controlled environment for the study, with all subjects being housed under similar conditions.
[bookmark: _Toc178092411]3.3 Data Collection Methods
1. Interviews: Structured interviews were conducted with zoo authorities to gain insights into the historical health records and management practices related to the kangaroos.
2. Questionnaires: A detailed questionnaire was administered to the zoo staff, focusing on their observations of the kangaroos’ behavior and health and the zoo's operational procedures.
3. Direct Observation: Regular and systematic observations of the kangaroos were carried out to monitor their health, behavior, and interaction with their environment.
4. Zoo Records: Data was also extracted from the zoo’s record-keeping system, which included health records, feeding schedules, and visitor logs.
[bookmark: _Toc178092412]3.4 Data Analysis 
The collected data was analyzed using STATA software. To assess the correlation between the variables of interest, Chi-square (non-parametric test) bivariate statistical analysis was employed because the data type was categorical in this study (McHugh, 2013). 
3.5 Specific Considerations 
A primary limitation of this study was the small sample size, with only six kangaroos available for observation. However, small samples have a tremendous advantage as highly sophisticated and accurate measurements can be possible to control confounders with all the precautions in place (A. Indrayan, 2021). The homogeneity of the sample reduced variability, enabling a more focused examination of the variables. Additionally, the small sample size minimized the potential for bias during the preparation of questionnaires and interviews, as the study's scope was narrow and well-defined (McKenzie, 2006)
[bookmark: _Toc178092413]Chapter 4 
[bookmark: _Hlk175310898]4. Results 
[bookmark: _Toc178092414]4.1. Housing System
The housing system for the kangaroos at Chattogram Zoo spans an area of 324 square meters, enclosed with rods and wire mesh. The terrain within the enclosure is a combination of plain and sloping areas, providing diverse terrain for the kangaroos. The enclosure is equipped with several hopping spaces and elevated platforms, catering to the natural behaviors of the kangaroos. Additionally, a common shed is available within the enclosure, serving as a feeding and shelter area for all the kangaroos. The dimensions of the enclosure are as follows: the case height is 12 feet, and the moat length is 3 feet.
[bookmark: _Toc178092415]4.2. Mortality of Kangaroo After Import to Chattogram Zoo
Since the import of kangaroos to Chattogram Zoo, there have been two mortalities. The first kangaroo died 15 days after arrival, and the second death occurred on March 23, 2023, due to toxoplasmosis. The remaining kangaroos were treated with clindamycin antibiotics. As of the latest update, four kangaroos are still alive at Chattogram Zoo.
[bookmark: _Toc178092416]4.3. Breeding History
Natural breeding was observed in February 2022, resulting in the birth of the first joey on March 15, 2023. Unfortunately, the joey succumbed to toxoplasmosis following the weaning period.
[bookmark: _Toc178092417]4.4. Treatment History
The kangaroos at Chattogram Zoo have undergone treatment for toxoplasmosis, which included the administration of clindamycin antibiotics, non-steroidal anti-inflammatory drugs (NSAIDs), antihistamines, and multivitamins (such as Zovia Gold).
[bookmark: _Toc178092418]4.5. Deworming History
A deworming protocol is in place at Chattogram Zoo, with treatments occurring at six-month intervals. Deworming agents such as fenbendazole and pyrantel pamoate are used in rotation to prevent the development of drug resistance.
[bookmark: _Toc178092419]4.6. Vaccination History
No vaccination has been administered to the kangaroos at Chattogram Zoo.

[bookmark: _Toc178092420]4.7. Feeding of Kangaroo
[bookmark: _Toc178092421][bookmark: _Hlk175310967]4.7.1. Daily Feeding Chart
The daily feeding regimen for the kangaroos is meticulously maintained, ensuring a balanced diet. The details of their daily feeding are provided in Table 1.

Table 1: Daily feeding chart for all kangaroos at Chattogram Zoo 
	Feed Types                              
	                Quantity/day                  

	Cucumber
Grass                                     
	                3 kg 
                 2 Kg                 

	Maize                                  
	                200 gm                

	Spinach      
	                1.5 kg    

	Vegetables and leaves 
	                1.2 kg 

	Gourd                                   
	                3 kg                  


[bookmark: _Toc178092422][bookmark: _Hlk175311009]
4.7.2 Body weight gain
The body weight of the kangaroos has been monitored over time, with notable increases observed. The average body weight at different time points is summarized in (Table 2 & Figure 1)
Table 2: Average body weight of kangaroos over time, every six months interval
	Date  
	  Body weight gained(kg)

	October 2022                                
	     8.5                        

	April 2023                                  
	     9.4                         

	October 2023                               
	     10.2                     

	April 2024                                
	     11.7                        

	July 2024                               
	     12.0                  




Figure 1: Average body weight of kangaroos over time, four-month intervals

[bookmark: _Toc178092423]4.8 Key Findings
[bookmark: _Toc178092424]4.8.1 Association between Disease Occurrence and Seasonal Variation
The study examined the frequency and percentage of disease occurrence in kangaroos at Chattogram Zoo based on seasonality (Rainy vs. Summer) across 30 cases. Results showed that 71.43% of disease cases occurred during the rainy season, while only 28.57% occurred in summer. Conversely, 93.75% of kangaroos remained healthy in summer compared to just 6.25% in the rainy season. A Pearson Chi-square test revealed a highly significant association between disease frequency and season, χ² (1, N = 30) = 13.6594, p < 0.001, indicating a higher likelihood of disease during the rainy season (Table 3).
	Season
	Disease Occurrence
	Frequency
	Row Percentage
	Total

	Rainy
	No
Yes
	1
	6.25%              
	11(36.67%)

	
	
	10
	71.43%             
	

	Summer
	No
Yes
	15
	93.75%             
	19 (63.33%)

	
	
	4
	28.57%             
	

	Total
	No
Yes
	16
	100.00%            
	30 (100%)

	
	
	14
	100.00%            
	


Table 3: Frequency and Percentage of Disease Occurrence by Season






	Note (Table 3)
	

	Pearson Chi-square (df = 1) = 13.6594
	χ² (1, N = 30) = 13.6594, Significant 
P value (0.000) < 0.001



Figure 2: Association between Disease Occurrence and Seasonal Variation
[image: ]
These findings indicate a strong seasonal influence on disease occurrence, with a higher frequency during the rainy season. The statistical significance highlights seasonality with diseases.
[bookmark: _Toc178092425]4.8.2 Relation between feed offers at visitors' time and feed refusal occurrence 
This study investigates the association between the timing of feed offerings during visitor hours and the occurrence of feed refusal among kangaroos at Chattogram Zoo. The findings show that when feed was offered outside visitor hours, 82.35% of instances resulted in feed acceptance, while 17.64% led to refusal. In contrast, when feed was provided during visitor hours, 92.30% of instances resulted in feed refusal, with only 7.7% of the feed being accepted. A Pearson Chi-square test demonstrated a significant association between feeding time and feed refusal behavior, χ²(1, N = X) = 11.63, p = 0.001 (Table 4).
Table 4: Impact of Feeding Times During Visitor Hours on Feed Refusal
	Feeding
Time
	Feed Acceptance
	Frequency
	Row Percentage
	Total

	Outside Visitor Hours
	No
Yes
	3
	17.64%              
	17(63.33%)

	
	
	14
	82.35%             
	

	During Visitor Hours
	No
Yes
	12
	92.30%             
	13(63.33%)

	
	
	1
	7.7%             
	

	Total
	No
Yes
	15
	50.00%            
	30 (100%)

	
	
	15
	50.00%            
	








	Note (Table 4) 
	

	Pearson Chi-square (df = 1) = 13.6594
	χ² (1, N = 30) = 13.6594, Significant 
P value (0.001) < 0.05



Figure 3:Relation between feed offers at visitors' time and feed refusal occurrence
[image: ]
[bookmark: _Toc178092426]4.8.3 High Density of Visitors Associated with the Declination of Natural Breeding
An analysis of 30 cases over 30 days revealed a significant association between high-density visitor presence at Chattogram Zoo and reduced natural breeding behavior in kangaroos (χ² (1) = 7.65, p = 0.006). Natural breeding was observed in 77.78% of cases without high-density visitors, compared to 22.22% with high-density visitor exposure. This significant decline suggests that high-density visitors may negatively impact the natural breeding behavior of kangaroos (Table 5).

	High-density Visitors
	  Natural     Breeding
	No
	      Yes
	Total

	 No
	Frequency
Column %
	2
	       7              
	9
30.00%

	
	
	 11.11%
	77.78%             
	

	Yes
	Frequency
Column %
	16
	5
	21
70.00%

	
	
	88.89%
	22.22%             
	

	Total
	Frequency
Column %
	18
	12            
	30 
100%

	
	
	100%
	100%            
	


Table 5: High Density of Visitors Associated with the declination of natural breeding







	Note (Table 5)
	

	Pearson Chi-square (df = 1) = 13.6594
	χ² (1, N = 30) = 7.6455, Significant 
P value (0.006) < 0.05



Figure 4: High Density Visitor's Impact on Natural Breeding of Kangaroos
[image: ]
[bookmark: _Toc178092427]4.8.4 Impact of repeated use of antibiotics regarding AMR of kangaroos:
The analysis demonstrated a significant association between repeated antibiotic use and antimicrobial resistance (AMR) in kangaroos (χ² (1) = 6.53, p = 0.011). Among kangaroos not subjected to repeated antibiotic use, 88.89% (n=8) did not develop AMR, while 11.11% (n=1) did. In contrast, 61.90% (n=13) of kangaroos exposed to repeated antibiotic use developed AMR, compared to 38.10% (n=8) who did not. These findings suggest that repeated antibiotic use significantly increases the risk of AMR development in kangaroos (Table 6).
	Repeated use of antibiotics
	  AMR development 
	Frequency

	Row Percentage
	Total

	 No
	No
Yes
	11
	  91.67%
	 
(12) 100.00%

	
	
	 1  
	  8.33%             
	

	Yes
	No
Yes
	3
	  16.67%
	
(18) 100.00%

	
	
	15
	   83.33%             
	

	Total
	No
Yes
	14
	   46.67%         
	
  (30) 100.00%

	
	
	16  
	    53.33%            
	


Table 6: Repeated use of antibiotics regarding AMR of kangaroo






| 
	Note (table 6)
	

	Pearson Chi-square (df = 1) = 13.6594
	χ² (1, N = 30) = 6.5306, Significant 
P value (0.011) < 0.05



Figure 5: Recurrent Antibiotics Use up scores AMR of Kangaroos in Chattogram Zoo
[image: ]

[bookmark: _Toc178092428]Chapter 5 
5. Discussion
This study provides valuable insights into the welfare and health management of red kangaroos at Chattogram Zoo, focusing on various factors such as housing conditions, mortality, breeding history, treatment protocols, feeding practices, and their associations with disease occurrence, feed refusal, natural breeding behaviors, and antimicrobial resistance (AMR). The results underscore the critical impact of environmental and management practices on captive kangaroos' health and natural behaviors, highlighting several areas for improvement in zoo management.
[bookmark: _Toc178092429]5.1 Housing and Environmental Enrichment
The housing system at Chattogram Zoo spans 324 square meters, providing a diverse terrain with both plain and sloping areas, which caters to the natural hopping behaviors of kangaroos. However, a common feeding and shelter shed could contribute to increased stress and competition, particularly in the context of high visitor density. Enhancing environmental enrichment by adding more hiding spaces and reducing noise pollution may improve animal welfare and support natural behaviors such as breeding.
[bookmark: _Toc178092430]5.2 Mortality and Disease Management
The recorded mortalities shortly after import and the subsequent death due to toxoplasmosis underscore the need for rigorous quarantine and health monitoring protocols. The administration of clindamycin antibiotics suggests that zoonotic infections are a significant health concern for these kangaroos. The association between disease occurrence and seasonal variation, with a higher frequency of diseases during the rainy season (χ² (1, N = 30) = 13.6594, p < 0.001), emphasizes the need for enhanced disease prevention measures during this period, including improved sanitation, parasite control, and potentially adjusted feeding schedules to mitigate stress-induced susceptibility to diseases.
[bookmark: _Toc178092431]5.3 Breeding and the Impact of High-Density Visitors
Our findings revealed a statistically significant negative association between high-density visitor presence and the natural breeding behavior of kangaroos (χ² (1) = 7.6455, p = 0.006). Kangaroos not exposed to high-density visitors showed a higher rate of natural breeding (77.78%) compared to those exposed to high visitor density (23.81%). This suggests that the stress from frequent human presence or noise may disrupt reproductive behaviors, a finding consistent with previous research indicating that wildlife in captivity often exhibit altered reproductive cycles due to environmental stressors (Megan Jones*, 2021). To enhance breeding outcomes, zoos should consider managing visitor flow and providing quiet zones during critical breeding periods (Greggor, et al., 2018).
[bookmark: _Toc178092432]5.4 Feeding Practices and Their Effects
The study also identified a significant relationship between feeding times during visitor hours and feed refusal among kangaroos (χ² (1) = 11.6268, p = 0.001). A majority of feed refusals occurred when food was offered during visitor hours (92.30%), compared to times outside visitor hours (17.64%). This highlights the impact of environmental disturbances on feeding behavior, which could lead to nutritional deficiencies and increased susceptibility to stress and diseases. Adjusting feeding times to quieter periods and enhancing the enclosure with feeding stations that provide privacy could improve feeding acceptance and overall health (DIEREWELD, 1997).
[bookmark: _Toc178092433]5.5 Antimicrobial Use and Resistance
The association between repeated antibiotic use and the development of AMR in kangaroos (χ² (1) = 6.5306, p = 0.011) underscores the critical need for antibiotic stewardship in zoo settings. Kangaroos subjected to repeated antibiotic treatments were significantly more likely to develop AMR (83.33%, n = 15 cases) compared to those not subjected to recurrent treatments (8.33%). This finding aligns with global concerns about AMR arising from the overuse of antibiotics in both human and veterinary medicine (Maurizio Ferri, 2015). Implementing targeted treatment protocols based on culture and sensitivity testing, alongside strict monitoring of antibiotic use, can help mitigate the risk of AMR development, ensuring the long-term health of the kangaroo population (J.S. Weese, 487-498).
[bookmark: _Toc178092434]5.6 Implications for Zoo Management and Future Research
[bookmark: _Toc178092435]The results of this study have significant implications for zoo management and animal welfare practices. To optimize the health and natural behaviors of kangaroos, zoos should prioritize environmental enrichment, manage visitor density, tailor feeding schedules to reduce stress and implement rigorous health monitoring protocols, particularly during vulnerable seasons such as the rainy period. Moreover, antibiotic use should be carefully regulated to prevent the escalation of AMR, which poses a threat not only to the kangaroo population but also to other species within the zoo (Laura J. Shallcross1, 2015). Future research should focus on expanding the sample size and including longitudinal studies to assess the long-term impacts of management practices on health and reproductive outcomes in kangaroos. Additionally, exploring the psychological impacts of visitor presence on kangaroo behavior through behavioral studies and stress hormone analysis could provide further insights into optimizing zoo environments for captive wildlife (Sally L. Sherwen, 2015).







Chapter 6 
6. Conclusion 
This study comprehensively analyzes the housing, feeds and feeding, seasonal disease prevalence, reproductive patterns, and feeding behaviors in red kangaroos housed at Chattogram Zoo. The findings suggest the suitable place requirement for housing which can make impactful positive changes between high visitor density correlates with altered natural breeding cycles. At the same time, the recurrent use of antibiotics is linked to increased antimicrobial resistance, emphasizing the need for better management practices. Moreover, variations in feeding times significantly affect feed refusal rates, further underlining the importance of tailored dietary schedules for captive kangaroos.
Despite the study’s small sample size, which may limit the generalizability of the findings, this research highlights critical insights into the welfare and management of kangaroos in zoo environments. Future studies with larger cohorts and longer observational periods could expand upon these results and contribute to more sustainable zoo management practices.
Ultimately, this study reinforces the importance of carefully monitored environmental and health factors in improving the welfare of captive kangaroos, offering valuable recommendations for zookeepers and wildlife researchers.
[bookmark: _Toc178092436]7. Limitations  
While this study provides valuable insights into red kangaroos' health, breeding, and feeding behaviors in captivity, several limitations must be acknowledged. First, the small sample size of six kangaroos restricts the statistical power and normality of the findings. This limitation may have influenced the strength of the observed correlations, and future research should aim to include larger populations to validate these results. The cause of this limitation is too valid to have only ten kangaroos in Bangladesh, where with four at Dhaka Zoo and six at Chattogram Zoo.
Secondly, the study's focus on a single zoo environment limits the applicability of the findings to other settings with varying climates, visitor dynamics, and management practices. Expanding this research across multiple institutions and geographical regions could offer a broader understanding of the factors influencing kangaroo welfare.
Additionally, the reliance on zoo records and questionnaires may introduce recall or reporting bias, as certain data may not have been recorded with research precision. Future studies should integrate more real-time monitoring tools and standardized observational methods to minimize potential biases. Finally, an internship research report mainly occurs during the short duration of data collection, particularly concerning seasonal impacts, which may not fully capture long-term patterns in disease prevalence or breeding cycles. Longer-term studies would provide a more comprehensive view and help identify trends that may emerge over extended periods.
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