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Abstract
This research paper is a systematic review of the current literature regarding the effect of climate change on wildlife population and wildlife diseases. The review begins with an introduction that defines climate change as used in this research, followed by a brief description of how climate change may influence wildlife population and diseases. This review aims to identify how climate change influences wildlife population and diseases to inform future research on how to conserve wildlife by preventing the detrimental effects that climate change may have on wildlife population and diseases. Also, this paper explains the research materials used, which included two publications from the PubMed online database and three publications from the ResearchGate database. The analysis of the articles is also described. Subsequently, the results from these articles are outlined, followed by an interpretation of these results in a discussion.
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Introduction
Climate Change
Climate change is defined by the Intergovernmental Panel on Climate Change (IPCC) as “a statistically significant variation in either the mean state of the climate or in its variability, persisting for an extended period (typically decades or longer)” (Gallana, Ryser-Degiorgis, Wahli, & Segner, 2013). Climate change is usually perceived as global warming, including elevated mean temperatures and stronger temperature variations and extremes, but implicates a variety of environmental factors, including precipitation/humidity, drought frequency, ocean acidification, water quality, and seasonality (Gallana et al., 2013). There is strong scientific consensus that rising anthropogenic greenhouse gas emissions are altering the Earth’s climate and that shifts in climatic conditions are now impacting wildlife and plant species worldwide (Noyes & Lema, 2015). Climate changes are also leading to an enhanced frequency and severity of extreme temperature, drought, and precipitation events at a regional geographic scale which corresponds to predictions of climate change models (Noyes & Lema, 2015).
The Effects of Climate Change on Wildlife Populations and Wildlife Diseases
Various aspects of wildlife diseases could be influenced by climate changes. More specifically, these aspects include pathological processes, e.g., an altered immune response of the host to the invading pathogen, and ecological processes, e.g., a mismatch in the spatial overlap between host and pathogen due to shifts in the geographical distribution (Gallana et al., 2013). Climate factors can also direct actions on distribution, life cycle, and physiological status of hosts, pathogens, and vectors (Gallana et al., 2013). As disease arises from the interaction of hosts, pathogens and vectors, it is the impact of climate change on these interactions which is particularly critical with respect to altered disease risks (Gallana et al., 2013). The impact of climate change on wildlife is, however, not limited to terrestrial animals since marine wildlife such as amphibians are also affected by changes in climate (Price et al., 2019). By influencing various dynamics of wildlife diseases, climate changes influence the severity of diseases among wildlife and, therefore, the mortality that results from these diseases and the population decrease from these mortalities. In this sense, the wildlife population is indirectly affected by climatic changes.
Aim of this Research
This research mainly aims to analyze the relevant existing literature regarding the effect of climate change on wildlife populations and wildlife diseases. More specifically, the research looks to identify how climate change in recent years has contributed to the prevalence of diseases among wildlife and how this has impacted the wildlife population across the world. By identifying the different ways through which climate change impacts the prevalence of wildlife diseases, we can form the basis for future research regarding how the severity of these diseases can be limited and how these diseases can be treated if the disease states are reversible. Additionally, identifying the link between climate change and wildlife population will help us to identify how environmental conservation will be helpful towards maintaining the wildlife population. Ultimately, we can prevent certain wildlife from becoming extinct due to the effects of climate change.
Materials and Methods
The materials used in this research included three papers from the ResearchGate database and two from the PubMed database. On the ResearchGate homepage, I selected publications then entered “Effect of climate change on wildlife populations” into the search bar. From the various articles and papers presented, I excluded those that did not include keywords such as climate, climate change, wildlife, wildlife population, or wildlife diseases in their titles. The remaining publications were still numerous, so I narrowed them down by identifying only those with both climate change and wildlife population/wildlife diseases in their titles. Since the articles were still numerous, I randomly selected five articles that met these criteria, after which I read through their abstracts. I excluded those without clear abstracts or those whose abstracts did not relate to the topic of research. I ended up with the three papers from ResearchGate used in this research.
To access the PubMed database, I first logged into the National Centre for Biotechnology Information website, which directed me to the National Library of Medicine page. On the National Library of Medicine website, I entered “Effect of climate change on wildlife populations” into the search bar, which brought several search results, including 172 articles from PubMed. I then selected the PubMed articles, after which I started narrowing down from the 172 articles to obtain the two used in this research. I excluded all the articles whose titles did not include keywords such as climate, climate change, wildlife, wildlife populations, or wildlife diseases. This brought me down to 20 articles whose abstracts I read and analyzed for ambiguities and whether they related to my topic of research. I excluded the articles whose abstracts were unclear or did not relate to the topic of research. This left me with the two articles used in this research.
In conducting the literature analysis, I first read through the articles, initially focusing on the research methodology and methods of data collection used. This is because the methods of data collection provide crucial information regarding the validity of the results obtained and conclusions made in the research. Additionally, I analyzed the results obtained from the research, then analyzed the methods used to interpret the data obtained to evaluate whether the methods of interpretation used were appropriate. Subsequently, I examined the discussion and conclusions made to evaluate the consistency and identify any unfounded conclusions made by the researchers.
Results and Discussion
Harvell et al. (2009) and Razgour et al. (2013) found that animal migrations and range shifts can be affected by climate change and this may increase or decrease disease transmission. Similarly, Gallana et al. (2013) found that climate change affects the geographic distribution of wildlife. However, Gallana et al. (2013) also noted that climate changes influence the geographic distribution of wildlife disease vectors and pathogens. Also, Gallana et al. (2013) noted that altered environmental temperatures influence the developmental rates of the pathogen inside the ectothermic vector. As such, climate variables can modulate survival, growth, developmental rates, or reproduction of wildlife, pathogens, and vectors, thereby influencing disease dynamics (Gallana et al., 2013). Similarly, Price et al. (2019) found that temperature changes influence both the incidence and severity of disease outbreaks in amphibian populations, with higher temperatures increasing viral growth, which, in turn, manifests as an increased rate of disease occurrence. On the other hand, Noyes & Lema (2015) concluded that higher water temperatures due to climate changes result in physiological changes in amphibians’ organs that result in impaired development and sometimes death among these amphibians.
The results also reflected additional connections between climate changes and wildlife diseases. For instance, Gallana et al. (2013) found that climate changes influence the disease-causing pathogens by impacting their development and their geographic distribution (Gallana et al, 2013). Climate changes also determine the life-cycle, development, and reproduction of disease causing-pathogens as well as their vectors (Gallana et al., 2013). Price et al. (2019) agree with this, adding that changes also influence the immune status of the wildlife, thereby determining their susceptibility to certain diseases and pathogens. Gallana et al. (2013) add that climate effects on host immunity may have implications also for pathogen evolution such that since the immune system is an important selection mechanism for pathogens, climate-induced alterations of host immunocompetence may modify pathogen evolution and give rise to the emergence of new virulent strains.
From the results obtained from this research, we can identify that climate changes influence wildlife populations directly, mainly through affecting their geographic distribution and indirectly through wildlife diseases which may result in outbreaks and fatal outcomes that reduce the wildlife population. More specifically, climate changes influence wildlife populations through influencing their geographic distribution since climate changes impact the migratory patterns of wildlife (Harvell et al., 2009). By influencing their migratory patterns, climate change influences the interactions between animals such that it determines whether wildlife migrates to congested locations where there is an increased possibility of being exposed to other animals with contagious diseases (Harvell et al., 2009). Climate changes also determine the survival rates and reproduction rates among wildlife, thereby influencing their population (Gallana et al., 2013). Additionally, the immune status of wildlife is affected by climatic changes. Also, climate changes influence the lifestyle of the disease-causing pathogens and their vectors.
Consequently, there is an urgent need for techniques that can enable us to predict the sensitivity of wildlife to climate changes (Razgour et al., 2017). Razgour et al. (2017) highlight the importance of incorporating ecological and genomic data to predict both the sensitivity of populations to future changes and their ability to shift their distribution to track changes in environmental suitability (Razgour et al., 2017). Assigned levels of threat can help prioritize and inform conservation action under climate change (Razgour et al., 2017). Conservation management can focus on either rescuing high-risk populations, through translocation of the entire wildlife populations or individual species with a relevant adaptive variation into the population, or, increasing landscape connectivity to facilitate range shifts and the spread of adaptive genetic variation to reduce threats to medium- and medium–high-risk populations (Razgour et al., 2017).
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