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INTRODUCTION 

 

Climate change has the potential to influence the proliferation 

and emergence of different types of vectors and pathogens, 

which ultimately affects the host-parasite relationships and 

their distribution (ESAP 2009). Climate change can affect 

animal health directly and indirectly by the transmission of 

diseases that are humidity or temperature dependent along 

with vector-borne and rodent-associated diseases (Chauhan 

and Ghosh 2014; Grace et al. 2015). Various species of 

animals including sheep, goats, cattle and horses are 

influenced by a variety of nematode infections and these are 

primarily affected by climatic conditions and specifically 

temperature changes (Kimaro and Chibinga 2013). A strong 

relationship has been observed between the epidemiological 

conditions of disease causing agents and climate conditions. 

The abundance and distribution of disease vectors are known 

to be influenced by climate factors like temperature, humidity 

and precipitation and they ultimately affect the pathogen 

carrying capacity, arthropod vectors, population dynamics and 

behavior of helminths (ESAP 2009). 

Climate change has the oldest history with seven cycles of 

glacial retreat and advance over the last 650,000 years (Shaftel 

et al. 2019). Current warming trends and climate changes are 

in progress at an unprecedented rate due to increased human 

activities (Shaftel et al. 2019; IPCC 2021). According to an 

indication of the intergovernmental panel on climate change 

(IPCC), there was a 0.99°C increase in the mean surface 

temperature of the globe during the period 2001-2020 and a 

1.09°C increase during 2011-2020 as compared to the 

preindustrial period of 1850-1900. This increase in the rate of 

temperature has been doubled during the last 50 years. The 

IPCC has further predicted a 0.2°C increase in temperature 

per decade and this is expected that by the end of the 21st 

century; the mean temperature will increase between 1.4°C 

and 4.4°C (IPCC 2021). 

According to an estimate by United Nations, 55% of the 

world’s population lives in urban areas with the lowest 

percentage (43%) in Africa and the highest percentage (83%) 

in North America. Urban areas have become double since 

1992 (IPBES 2019), thus there are increasing problems 

associated with climate change affecting the health of humans 

and domestic animals in urban and peri-urban areas. 

 

Climate Change as a Result of Deforestation 

 

Rainforests of the world are found in South and North 

America, Australia, New Zealand, Asia and Europe (Moreno-

Mayar et al. 2018; Qin et al. 2019). These rainforests have an 

impact on the global weather system, so their deforestation 

threatens the world’s biodiversity by changing the climate 

(Esquivel-Muelbert et al. 2019). However, the burning of 

rainforests and their deforestation is a continuous process for 

decades (Anonymous 2019). From January to August 2019, 

Amazon forests in Brazil have experienced 74,155 fires which 

were 85% more than the previous year and ultimately 

destroyed 9700km2 of rainforests (Richard et al. 2019). 

Recently, these fires were intentionally introduced into the 

Amazon forests for the sake of getting more land for 

increased agricultural activities (Ribeiro et al. 2018). 

Deforestation in Indonesia has also gained significant global 

attention because of the emission of massive pollutants and 

particulate matter (Tacconi and Muttaqin 2019; Tacconi et al. 

2019). If we talk about India, the mining of minerals like coal, 

iron and limestone is the main factor involved in deforestation 

in many areas (Ranjan 2019). Additionally, the wildfire in 

Australia caused huge damage to the habitats and biodiversity, 

resulting in the risk of extinction of koalas (Lam et al. 2020). 

 

Reforestation to Mitigate the Climate Change 

 

Forests play an important role to maintain a sustainable 

environment, biosphere’s functions and world’s biodiversity. 

Approximately 30% of the land is covered by forests globally 

and one third of these forests have not been disturbed by 

human activities. However, the past 30 years have seen 

deforestation at a large scale and ultimately 178 million 

hectares of forests have been lost (FAO and UNEP 2020). To 

curb the effects of climate change, different countries have 

taken initiatives for preserving the existing forests along with 

reforestation. China has launched a large scale forest 

plantation campaign to reduce deforestation and develop 
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national parks (Tollefson 2010). They have invested more 

than one billion US dollars in The Natural Forest 

Conservation Program and achieved brilliant results during 

1997-1999 (Zhang et al. 2000). China has an advanced urban 

forest in the city of Wuhan which was called as the garden 

city of China in 2006. Wuhan reached the greening rate of 

39.6% at the end of 2019 (Ye and Qiu 2021). Canberra is 

called the ‘bush capital’ because its urban forest is full of 

different species of eucalyptus (Brack 2002). Approximately, 

0.7 million trees were under the management of the 

government by 2011 (both park trees and street trees), 

excluding the trees in national reserves and unmown parks 

(Cooper 2011). 

 

Urban Forests for Ecosystem Restoration 

 

An urban forest is defined as the combination of all the 

shrubs and trees which make the green covers in urban areas 

and this is the most important element of nature in these 

areas (Jones and Davis 2017). The plantation of street trees is 

considered an adaptation and mitigation strategy to reduce 

the climate change effects in several areas of the world. 

Urban forests provide multiple benefits to the environment 

by effectively regulating functions, referred to as ecosystem 

services (Seamans 2013). Many studies have concluded that 

urban forests help modify the microclimate by reducing 

extreme weather conditions (Gill et al. 2007). Urban 

vegetation has been known to reduce the land surface 

temperature and give a cooling effect in cities (Park et al. 

2017). Studies on the dynamic changes and landscape patterns 

of urban forests can help understand the functions of urban 

forests and maximize the ecosystem services (Wang et al. 

2017). 

Urban forests have a key role in green infrastructure, which 

provide great aesthetic and social services such as mental and 

physical health, recreation, landscape variety, seasonal 

dynamics, historical and cultural values, along with ecological, 

physical and climatic benefits (Tyrv¨ainen et al. 2005). Thus, 

restoration of an ecosystem is in highlights globally because 

this seems to be a cheap solution to resolve the issue of 

climate change and biodiversity loss (Lewis et al. 2019). The 

importance of restoration of the ecosystem has been recently 

announced by the United Nations by declaring the decade of 

2021-2030 as ‘The Decade on Ecosystem Restoration’ 

(Chazdon and Uriarte 2016). 

 

The Possible Impact of Urban Forests on Parasitic 

Diseases 

 

Although forest restoration has positive impacts on climate 

change and sustainable biodiversity, it can also pose some 

threats to the local ecosystem (Veldman et al. 2015, 2017). 

Landscape pattern is considered to be an important factor in 

landscape epidemiology to understand the spread of 

infectious diseases in urban areas (Webster 2020). Similar 

studies have confirmed the close association between 

infectious disease risk and landscape structure and 

composition (Messier et al. 2015). Recent studies in China 

analyzed that plantation of mixed species in reforestation 

increased the number of various species of arthropods (Hua 

et al. 2016). In various systems of host-parasite relationships, 

parasite diversity is mainly influenced by host diversity 

irrespective of any spatial scale (Kamiya et al. 2014). 

Ecological attributes of the host diversity have the potential 

to influence parasite richness. For example, a diversified 

population of parasites can be found where greater numbers 

of hosts are available, as found in primates and hoofed 

mammals (Vitone et al. 2004; Ezenwa et al. 2006). Likewise, 

urban forests can be the reason for the availability of a variety 

of hosts for parasites where they can complete their life cycle 

stages and cause the transmission of various diseases in 

humans and livestock. 

 

Transmission of Vector-borne Pathogens 

 

It has been well studied that most dangerous diseases 

originate from biodiversity-rich areas like tropical rain forests 

in Africa and Asia (Vidal 2020). Arthropod species such as 

ticks, mosquitos, triatomine bugs, black flies and sand flies 

transmit various vector-borne diseases. The temperature has 

a direct effect on vector reproduction and survival rates 

because of their ectothermic nature, therefore, it influences 

the vector activity patterns (biting rates), intensity, habitat 

suitability, abundance and distribution (Martin et al. 2008). 

The temperature can influence the development of parasites, 

their abundance and vector distribution, it can be the most 

vital factor related to the transmission of vector-borne 

pathogens (Lafferty 2009; Cable et al. 2017). Dust and wind 

can also play a major in the transportation of pathogens to 

distant areas and the dispersal of pathogens depends on the 

wind speed and air temperature (Boxall et al. 2009). It has 

been documented in several studies that a positive correlation 

exists between the climate drivers and the disease 

transmission capacity of vectors. These climate drivers 

include humidity, rainfall, duration of sunshine and 

temperature (Li et al. 2014; Cheke et al. 2015) which can be 

provided by the rainforests. Changing climate can modify the 

intensity and distribution of vector-borne diseases and 

possibly threaten the success of disease control programs 

(Tesla et al. 2018; Mordecai et al. 2020). 

Heavy rainfalls have the potential to provide additional 

breeding sites for vectors, e.g., mosquitos that ultimately 

provide resting sites and shelter for vectors (Githeko et al. 

2000). Mosquitos have the potential to carry various 

pathogens like bacteria, viruses and protozoa. Thus, it is 

necessary to understand the expected outcomes of 

mosquito-borne diseases related to climate change. Similar to 

other disease patterns, favorable temperature conditions have 

the ability to influence mosquito activity, digestion, 

reproduction and blood meal frequencies (Martin et al. 2008). 

Therefore, climate change can modify the transmission and 

vector capacity of dynamics involved in mosquito-borne 

diseases (Reiter 2008). 

Biting midges in the family Ceratopogonidae cause the 

transmission of diseases to livestock and wild animals by 

seeking a blood meal (Marquardt and Kondratieff 2005). Black 

flies in the family Simuliidae harbor devastating and important 

parasites such as filarial nematodes in birds, trypanosomes 

and Leucocytozoon (malarial parasites) (Marquardt and 

Kondratieff 2005; Reeves et al. 2007). 

Various studies have reported that urban forests and city 

parks are causing the transmission of many ticks and tick-

borne diseases (Hansford et al. 2017; Kowalec et al. 2017; 

Oechslin et al. 2017; Kubiak et al. 2019). Ticks feed on wild 

ungulates in fragmented habitats (Rizzoli et al. 2014; Selmi et 

al. 2018) and small vertebrates like lizards, birds, shrews and 
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rodents serve as the reservoir hosts of tick-borne pathogens 

(Amore et al. 2007). Furthermore, some urban forests have 

been invaded by chipmunks as alien species which can play a 

role in the transmission of many tick-borne pathogens 

(Marchant et al. 2017). Diversified genospecies can involve 

more vertebrate hosts such as lizards and birds to transmit 

the tick-borne diseases (Mannelli et al. 2012). The 

composition and moisture condition of soil can affect the 

distribution, survival and development stages of ticks (Hugh-

Jones and Blackburn 2009). 

Woodland encroachment and urban forests can have other 

consequences and can lead to increased transmission of tick-

borne diseases to livestock and humans (Gilbert 2016). For 

example, Ixodes (I.) ricinus feeds on a wide variety of 

vertebrates, laying eggs on the ground and spending maximum 

life cycle stages off the host (Needham and Teel 1991). 

Various studies have indicated a positive association between 

the questing of nymphs and adults of I. ricinus with that of 

tree cover in France (Halos et al. 2010), Scotland (Gilbert 

2013, 2016) and southern Norway (Vanwambeke et al. 2016). 

This is one of the most important tick species in terms of 

transmission of tick-borne diseases to livestock (Babesia, 

Anaplasma and rickettsia). Tick-borne fever, caused by 

Anaplasma phagocytophilum is the most important tick-borne 

disease in Europe and I. ricinus is the main vector behind this 

disease (Stuen 2007). Tick-borne fever is a major threat to 

sheep farming because more than 30% of mortality has been 

observed due to this disease in Europe (Stuen and Kjølleberg 

2000). Ixodes ricinus is increasing its capability to bite 

companion animals and geographical distribution in many 

green areas of the cities (Rizzoli et al. 2014).  

On a global scale, hares and rabbits in the Order 

Lagomorpha, host various tick species, such as Hyalomma 

lusitanicum and I. dentatus (Estrada-Peña et al. 2012; Hamer et 

al. 2012; González et al. 2016) by supporting their immature 

life cycle stages (González et al. 2016). As rabbits are very 

common and widespread in man-modified landscapes, where 

ticks are already causing problems (Rappo et al. 2013; Van 

Nunen 2015). It is suspected that Perameles nasuta, commonly 

called as long-nosed bandicoots, are the main hosts of 

Australia paralysis tick (I. holocyclus) (Lydecker et al. 2015). 

Ixodes holocyclus has a wide variety of hosts to feed on and 

then bites the companion animals and ultimately causes 

paralysis (Barker and Walker 2014; Van Nunen 2015). 

 

Effects of Parasitic Diseases on Animal Health 

 

Climate change has direct and indirect effects on animal 

health status and the primary reason is the change in the 

environment including magnitude and frequency of extreme 

events, precipitation, relative humidity and temperature 

(Forastiere 2010). Detrimental changes have been caused to 

the environment due to global climate change and alterations 

in land use. These effects have disrupted the natural 

ecosystem and they can result in an increased burden of 

parasitic diseases (Patz et al. 2000). Different processes are 

involved in this change (Patz and Confalonieri, 2005; 

Confalonieri and Aparicio 2011) and one of the most 

important is the increased population of humans in the forest 

areas. This has resulted into the transmission of naturally 

occurring diseases of wildlife to the immunosuppressant 

humans and domestic animals (Mandal 2011). Likewise, the 

same problems can be associated with the urban forests for 

the population of domestic and pet animals living in close 

proximity. An increase in the level of humidity provides 

favorable conditions for the survival of parasite cysts/oocysts, 

larvae and eggs (Semenza et al. 2012; Knapp-Lawitzke et al. 

2016; Mignatti et al. 2016). Similarly, the intensity of rainfall 

favors the spread of cysts, oocysts and eggs through 

contaminated water (Jiménez et al. 2010), and urban forests 

are being managed for the same purpose. Thus, there is a dire 

need to keep all these factors in mind while planning an urban 

forest. 

 

Changes in Animal Behavior and Population Growth 

 

Some species of birds and mammals have a greater trophic 

spectrum with versatile behavior and they prefer to colonize 

in the urban and peri-urban areas so that they can find more 

trophic resources in these areas as compared to those 

available in the wild environment (Pozio and Murrell 2006). 

Several carnivores such as raccoon dog, raccoon, stone 

marten, badger, jackal, coyote and the red fox have 

established themselves in various cities of the globe by feeding 

on anthropogenic food sources and getting more 

opportunities in urban areas than in their natural environment 

(Parsons et al. 2018). In the same manner, urban forests can 

provide habitats to these carnivores and ultimately, they can 

cause serious parasitic and other diseases to livestock and pet 

animals. The population of wild carnivores has an increasing 

trend in the peri-urban and urban environment due to a lack 

of predators and hunting pressure and an abundance of 

available food resources (Bateman and Fleming 2012). It has 

been observed that recent wet, warm springs and winters 

have increased the population of rodents. Additionally, heavy 

rainfalls and favorable conditions have provided them the 

opportunity to promote their breeding and expand the 

population. These rodents can find shelter in urban forests 

and transmit various diseases to the surrounding populations 

of domestic animals and humans. 

 

Migration of Species from One Continent to Another 

 

In the previous century, 44 alien species of mammals entered 

Europe including many carnivores such as Canis aureus (the 

jackal), Nyctereutes procyonoides (the raccoon dog), Procyon 

lotor (the raccoon) and Neovison vison (the American mink). All 

of these species are considered to be good hosts of 

Toxoplasma gondii and Trichinella spp. (Széll et al. 2013; Pozio 

2015; Kärssin et al. 2017; Cybulska et al. 2018; Shamsian et al. 

2018). The entrance of these alien species occurred during 

the Neolithic age, however, a marked invasion was observed 

during the 20th century (Genovesi et al. 2012). Sus scrofa 

(central European wild boar) breed was introduced to 

southern Europe. As it has a larger size and greater 

reproductive rate, ultimately provided favorable conditions 

for the transmission of Toxoplasma gondii and Trichinella spp. 

along with the damage to the environment (Massei et al. 

2015). 

This is a need of time to think about the invasion of alien 

species from one continent to another but also those species 

which have found new areas in the same continent (Massei et 

al. 2015). Therefore, surveillance studies should be conducted 

about the presence of native and alien species in an area, and 

the same should be applied to urban forests. 
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Zoonotic Diseases 

 

Zoonosis is another problem that results from the increasing 

interaction of humans and animals (Magouras et al. 2020) and 

it has been recently estimated that almost 60% of the 

emerging infectious diseases are of zoonotic nature (Taylor et 

al. 2001). Most of the emerging infectious diseases have 

wildlife origin and these diseases are emerging due to dynamic 

interactions between livestock populations, humans, wildlife 

and swiftly changing environments (Heymann et al. 2015). 

Geoclimatic variations and global warming have a huge 

influence on the epidemiology of zoonotic diseases by altering 

the dynamics of pathogens, vectors, hosts and their 

interactions (Anyamba et al. 2009, 2019). Native vegetation 

has been converted into anthropogenic habitats and this is 

one of the main drivers for the emergence of rodent-borne 

zoonotic diseases. This has enhanced the transmission of 

cross-species pathogens due to the increased interactions 

among domestic animals, wildlife, synanthropes and humans 

(Saker et al. 2004). 

 

Concluding Remarks 

 

Climate change and weather can affect the biology and 

distribution of insect-borne diseases. For instance, changes in 

the humidity level in temperate climates, precipitation 

patterns, global winds and temperature changes have a 

positive correlation with insect reproduction and population 

density. Thus, there are chances of the spread of tropical 

diseases in new areas other than their natural habitats. The 

world is witnessing a sharp reduction of skilled manpower 

involved in the research of ecosystem alterations due to 

increased interest in industrialization. This will further add up 

in the problem of changing environment, which needs to be 

addressed with dedicated funding and resources in the 

research institutes and at the university level. 

Many research studies have indicated that change in the 

environment will have an impact on animal health and welfare. 

Thus there is a need for further epidemiological studies to 

understand the factors involved in the transmission of 

diseases from urban forests. The data regarding animal 

disease surveillance need to be prepared according to the 

changing climatic conditions with potential tools and 

techniques. Geospatial technology should be used to predict 

the connection of biological changes in the environment from 

outbreaks and abundance of insects, movement and quality of 

habitat. 
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