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Abstract:

Antarctic marine organisms are particularly vulnerable to disease introduction as they have been isolated on the continent and not evolved alongside many diseases. Therefore, they are unlikely to possess any defences for diseases and are at risk of negative effects from novel disease introduction. Disease transmission is being facilitated by human travel, migratory species and climate change. All three of these vectors are posing risks for disease introduction into all Antarctic organisms, from seals to sea stars. Current literature shows that there is already a wide diversity of diseases present in the Antarctic wildlife and this is due to the past, current and future effects of the three main vectors. Human travel and climate change are increasing and therefore are a concern for regulation whereas migratory species may be impossible to regulate. Much concern is given to the health of the Antarctic animals in the face of inevitable increased disease introduction. However, little concern is given to the possibility of endemic Antarctic diseases being transmitted to humans and the rest of the world. This review focusses on the current diseases present in Antarctic marine organisms and the main vectors of disease into Antarctica that need to be regulated where possible. 










Policy Brief

Disease in Antarctic Marine Organisms
Word Count: 477

Disease is prevalent and continuing to be introduced to Antarctic wildlife and this is a major concern for the future health of Antarctic marine organisms and also the human scientists. Disease is currently affecting all Antarctic animals, from seals to sea stars, not one animal is exempt from disease. The major pathways of disease introduction into Antarctica are via human travel, migratory species and climate change. In order to regulate and prevent disease introduction, policies need to be aimed at these pathways. 

Human travel is the pathway that can most easily be reviewed in order to avoid future introduction of diseases into Antarctica. This can be done by regulating many aspects such as sewage and food waste, human health before coming to Antarctica and vehicle/aircraft disturbance. Migratory species however, are much harder to regulate. Many of these birds have been regularly migrating to Antarctica for many years and there is not really any conceivable way to be able to stop this. The same goes for climate change, the whole globe is contributing to atmosphere and ocean warming so regulations in Antarctica will not be able to prevent the inevitable. Therefore, of the three main pathways, human travel is the one that is possible to regulate. So, most of the focus of policies concerning Antarctic animal health should be focused on human activities in Antarctica and trying to regulate this in a way that the potential for disease introduction is minimalised. 

An overlooked pathway of rapid disease spread is in the life history of colony forming in seal and penguin species. These colonies provide the perfect environment for the transmission of disease between individuals. This points out how crucial it is to prevent new diseases being introduced in the first place as it only takes one individual to cause an outbreak in a colony setting. This is another reason why policies need to be aimed at preventing disease introduction through regulating human travel which is the most feasible pathway to regulate. 

Another concern that is not yet being addressed is the health of humans that interact with potentially diseased animals. Many scientists work closely with some of the Antarctic wildlife, like the Weddell seals. Some of the diseases that these animals may contract can be transmitted to humans. Thus, there needs to be concern for the future health of scientists that are interacting with animals in Antarctica. As the risk of disease introduction increases via the three main pathways, the risk of human contraction of Antarctic animal diseases also increases. This is an area that has not been addressed sufficiently, there are only comments in some literature that it is possible for animal to human transmission of some diseases. Therefore, it is crucial for future policies to not only consider the health of the Antarctic wildlife but also the health of the scientists that work alongside these animals. 
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Introduction 
Antarctica is thought to be an isolated continent that is pristine and untouched, however, disease is known to have reached the continent and affect the Antarctic organisms (Kerry & Riddle, 2009; Neira et al., 2017). The polar front was thought to be a barrier for the Southern Ocean that would geographically isolate Antarctica and prevent the transmission of marine diseases from other oceans in the world (Barbosa & Palacios, 2009; Figuerola et al., 2017). However, we now know that this is not true and that there are many vectors by which disease is introduced into Antarctica. These vectors include human travel, migratory species and climate change (Barbosa & Palacios, 2009; Lee et al., 2016). 

Antarctic marine organisms are particularly vulnerable to the introduction of novel diseases as they evolved in isolation and not alongside diseases that are present in the rest of the world (Grimaldi et al., 2015). They have evolved in an area where there has been little pressure of disease on the animals (Grimaldi et al., 2015). Therefore, they have not developed complex immune systems like those in animals that evolved in disease diverse environments (Abad et al., 2013; Grimaldi et al., 2015). According to Grimaldi et al. (2015) the Antarctic marine organisms are “immunologically naïve” and this makes them vulnerable to disease that is common in other parts of the world that they have not encountered before (Tin et al., 2013). 

The life history of some Antarctic animals makes them much more vulnerable to inter-specific and intra-specific transmission of introduced diseases. Seals and penguins are animals that form breeding assemblages on ice or sub-Antarctic islands, leading to a high density of individuals living together (Smeele et al., 2018). This means that if a disease outbreak occurs then the transmission to other individuals could be very rapid (Morgan & Westbury, 1981; Griekspoor et al., 2009). Abad et al. (2013) stated that the formation of penguin colonies facilitates the transmission of fecal-borne diseases. 

Disease has reached the large megafauna of Antarctica such as seals and penguins, but it has even reached the Antarctic invertebrates like krill and echinoderms (Kerry & Riddle, 2009; Smeele et al., 2018). None of the Antarctic marine organisms seem to be exempt from encountering disease (Barbosa & Palacios, 2009). Relatively recently there has been the discovery of completely new diseases and pathogens in Antarctic wildlife that are not found elsewhere, diseases endemic to Antarctica (Barbosa & Palacios, 2009). Therefore, there should not only be concern about disease introduction into Antarctica, but also disease introduction into the outside world from Antarctica. Another concern is that there has been the documentation of many ‘first recorded cases’ of diseases in Antarctica (Herrmann et al., 2000; Neira et al., 2017). This is concerning as it is showing that there are many more diseases that have reached Antarctica than was previously thought (Neira et al., 2017). Once again throwing away the hypothesis that Antarctica is an isolated and untouched piece of the world. 

Therefore, due to the vulnerability of the Antarctic marine wildlife, there is a major concern for the possibility of detrimental effects of novel disease introduction into Antarctica (Smeele et al., 2018). 

This review will examine the current literature on disease in Antarctic marine organisms and analyse the major vectors of transmission of the diseases. 





Disease in Antarctic wildlife

Seals

In 1955 there was a mass death of crabeater seals (Lobodon carcinophagus) in Prince Gustav Channel in the Antarctic Peninsula (Nelson et al., 2008). This was proposed to have been caused by an epidemic of phocine distemper virus which was possibly contracted from the husky dogs which could have been carrying canine distemper virus (Nelson et al., 2008). Nelson et al. (2008) suggests that the epidemic would have been facilitated by the life history of the seals being crowded in the area. 

Stenvers et al. (1992) has recorded antibodies to the seal herpesvirus being present in sampled Weddell seals (Leptonychotes weddellii) for the first time. Another first recorded case of a virus in seals in Antarctica was seal parapoxvirus which causes skin lesions (Tryland et al., 2005). This parapoxvirus was found to be closely related to the parapoxviruses found in the grey seal (Halichoerus grypus) and the harbour seal (Phoca vitulina), both located in European waters (Tryland et al., 2005). This documents how viruses from other oceans and seas may be reaching Antarctica. It is also concerning to see this parapoxvirus being detected in Weddell seals as it is known to be a zoonotic disease, meaning it can be transmitted between animals and humans (Tryland et al., 2005). This is a major concern for the health of Antarctic researchers who often interact with Weddell seals for research purposes. Lice are also recorded as being detected on many Antarctic seal species (Mehlhorn et al., 2002; Smeele et al., 2018). These parasites can act as vectors of viruses as seen in the southern elephant seal (Mirounga leonina) where the lice transmitted alphavirus to the seals (Smeele et al., 2018). 

Overall, we can see from the literature available on disease in Antarctic seals that there is a diverse range of diseases and parasites currently present. It also raises concerns as there is evidence of the introduction of diseases into Antarctica and there are also concerns with the potential for human contraction of seal diseases in Antarctica. 



Penguins

The majority of available literature on disease in Antarctic organisms is on penguins. There are many diseases that have been attributed to either a human or migratory bird transmission. Many diseases have been identified in penguin species such as; Newcastle disease virus, adenovirus, avian influenza, Campylobacter jejuni and infectious bursal disease virus (Gardner et al., 1997; Griekspoor et al., 2009; Thomazelli et al., 2010; Barriga et al., 2016; Lee et al., 2016). There have also been cases of ticks being vectors of penguin diseases, however the ranges of ticks are restricted by climate and so not all penguins will be affected by the ticks (Montero et al., 2016). 

Neira et al. (2017) recently discovered three new avian viruses in the gentoo penguins (Pygoscelis papua). They also found that Adélie penguins (Pygoscelis adeliae) have the capacity to contract these new avian viruses which is a concern for interspecies spread (Neira et al., 2017). Newcastle disease virus has been identified in three species of Antarctic penguins located around the Antarctic Peninsula (Thomazelli et al., 2010). The strain was found to be closely related to a globally used vaccine and shows that Antarctica is not as isolated as we think (Thomazelli et al., 2010). The penguins showed no clinical signs of being infected however, which means that there is a possibility of other penguin species or other Antarctic bird species that could have also contracted this virus and we just don’t know (Thomazelli et al., 2010). 

Poultry diseases are also a big threat to the penguin species in Antarctica. Poultry diseases include, infectious bursal disease virus and Clostridium cadaveris, these are diseases that are present usually in poultry animals but have now been detected in multiple penguin species (Gardner et al., 1997; Nievas et al., 2007). It is thought that bad disposal of poultry by humans living in Antarctica is the cause of transmission of these diseases (Gardner et al., 1997). The diseases are predominant in penguins located near bases and human activities in Antarctica (Gardner et al., 1997). Griekspoor et al. (2009) also documented cases of diseases in penguins in close proximity to humans. They found a bacterial disease (Campylobacter jejuni) in macaroni penguins (Eudyptes chrysolophus) and found that transmission was most likely due to human activities as the disease is usually found in humans or in our food animals (Griekspoor et al., 2009). 

Another vector of disease transmission to penguins is through migratory birds. Barriga et al. (2016) clearly identified avian influenza virus in gentoo and chinstrap (Pygoscelis antarcticus) penguins and the virus was closely related to a strain found in American ducks and Guatemalan teals (Barriga et al., 2016). This shows how migratory birds can introduce new disease into Antarctica when they migrate to the continent (Abad et al., 2013; Barriga et al., 2016). Unlike the seals and other fully aquatic animals that are somewhat isolated by the Antarctic polar front, there are few barriers to flying migratory birds. 

Overall the literature available on penguin disease is relatively abundant compared to some of the other Antarctic organisms. This may be because they have a predictable pattern of breeding and they become accessible to scientists when they come onto land or ice (Barriga et al., 2016). There are many recent publications that describe novel diseases and show that there may be a greater diversity of disease in Antarctic penguins than previously was thought (Neira et al., 2017). Penguins are also susceptible to avian diseases as they are easily transmitted between bird species and the migratory birds introduce new diseases to the penguins (Barbosa & Palacios, 2009; Barriga et al., 2016).




Fish

Fish are another group of animals in Antarctica that are affected by disease. X-cell disease is a globally distributed disease in fish and it has been recorded in nototheniid species (Trematomus bernacchii) in Antarctica (Evans & Tupmongkol, 2014). This disease causes gill lesions and prevents the uptake of oxygen through the gills (Evans & Tupmongkol, 2014). The X-cells in the Antarctic fish are almost identical to the X-cells in northern fish species like the common European dab (Limanda limanda) which shows the introduction of this disease into the Antarctic (Evans & Tupmongkol, 2014). 

Another recorded disease is in the Antarctic rockcod (Trematomus bernacchii) and it is proven to be directly caused by human waste disposal (Corbett et al., 2014). At Davis Station in East Antarctica the rockcod in the surrounding 800m of water had gill fusion caused by pathogens in the waste (Corbett et al., 2014). As the distance increased from the station the severity of gill fusion decreased showing a direct link between human waste disposal and fish disease (Corbett et al., 2014).

Overall these examples show how fish are vulnerable to disease introduction especially through the waste disposal of humans living at stations on the Antarctic continent. 



Invertebrates

Disease in Antarctica is even reaching marine invertebrates, significant concern should be for krill as they are a keystone species in the Southern Ocean (Quetin & Ross, 1991). Miwa et al. (2008) have recorded the presence of black spots which are melanised nodules on krill (Euphausia superba). These melanised nodules are caused by a parasite and contain a large range of bacterial species (Miwa et al., 2008). This type of parasitism and bacterial infection was recorded at a much higher occurrence rate compared to previous studies (Miwa et al., 2008). These nodules are previously seen in cultured shrimp and shore crabs (Carcinus maenas) lending to the hypothesis that disease is becoming introduced to the Antarctic (Miwa et al., 2008). 

Another Antarctic marine invertebrate that is affected by disease is the echinoderm species, Odontaster validus, at Deception Island (Núñez-Pons et al., 2018). These predatory sea stars are crucial for the ecosystem as they provide top down control and also prey for predators (Núñez-Pons et al., 2018). However, the disease causes ulcers, inflammation, lesions and cell death which is negatively impacting the survival of the echinoderm species (Núñez-Pons et al., 2018). According to Núñez-Pons et al. (2018) this is the first recorded case of a new echinoderm disease in the Southern Ocean. They attributed the outbreak and development of the disease to a warm period around Deception Island, apparently the most temperature variable site in the Southern Ocean, as temperature is positively correlated with the development of disease in marine invertebrates (Núñez-Pons et al., 2018). They only recorded the disease in one species, O. Validus, which seems promising, however, metabolism of Antarctic organisms is decreased and so the progression of the disease may also be decreased to a slower rate (Núñez-Pons et al., 2018). 

From these invertebrate diseases we can see that disease is not limited to the marine mammals and that it is affecting some of the most important animals in the Southern Ocean ecosystem. 





Transmission of Disease


Human Travel 


Increased human travel to and across Antarctica has facilitated the transmission of disease inter-continentally and intra-continentally. Humans that travel to Antarctica through tourism or for research purposes can potentially bring novel diseases with them (Tin et al., 2013; Smeele et al., 2018). Humans that are coming into contact with Antarctic wildlife are also facilitating the transmission of disease between themselves and the animal (Tin et al., 2013). Many diseases seem to be more prevalent in animals located near bases or human inhabited sub-Antarctic islands (Gardner et al., 1997; Abad et al., 2013). This is because disease can be transmitted in wrongly disposed food or human waste (Griekspoor et al., 2009). Corbett et al. (2014) showed the direct effects of human waste in the Antarctic rockcod. However, it may be that sampled animals are ones that are close by to where the humans are living at the time, so there may be convenience leading to bias. However, we cannot refuse to see that increased human activity in and around Antarctica is leading to an increased chance of disease transmission both inter-continentally and intra-continentally.
 


Migratory Species

Migratory species are another vector of inter-continental disease transmission from other continents into Antarctica (Thomazelli et al., 2010; Smeele et al., 2018). Barriga et al. (2016) stated that the interaction between Antarctic animals and migratory species is facilitating the introduction of diseases. This transmission vector is a major concern for penguin species as most of the migratory species are birds. Migratory bird species may have contracted novel diseases in the areas in which they spend the Antarctic winter months, they then bring these diseases into Antarctica when they migrate south (Thomazelli, et al., 2010). Migratory birds usually arrive in Antarctica in the summer months to breed and this coincides with many penguin species that form breeding colonies in these months (Barriga et al., 2016). This means that migratory and native bird species are sharing a habitat and any disease could quickly be spread throughout a penguin colony due to the physical layout of being in close proximity to each other (Morgan & Westbury, 1981; Barriga et al., 2016). So, flying migratory species are another disease vector of great concern as there are few barriers to prevent regular migration of these species.
Climate Change

Climate change is a major vector of disease that is inevitable in the future and it is providing novel vectors of disease transmission into Antarctic wildlife. Firstly, warming of oceans and atmosphere due to climate change is increasing the range of non-native species further south (Tin et al., 2013; Grimaldi et al., 2015). For example, ticks are vectors of disease known in seals and penguins, but their range is limited by climate (Grimaldi et al., 2015; Montero et al., 2016). However, climate change can lead to the range expansion of these ticks and so they will be able to spread to more animals in Antarctica (Montero et al., 2016). 

Ecosystem shifts are another possible outcome of climate change associated with disease spread (Núñez-Pons et al., 2018). Marine invertebrates are particularly vulnerable to disease spread when the water temperature rises (Núñez-Pons et al., 2018). Therefore, with climate change there is a huge concern for the outbreak of diseases in Antarctic invertebrates of which there are few recent documented cases in sea stars and krill (Miwa et al., 2008; Núñez-Pons et al., 2018). If an invertebrate population that is crucial to the ecosystem is wiped out by disease, then there will be an ecosystem shift to a different state (Núñez-Pons et al., 2018). There is no way of telling if the new ecosystem state will be beneficial or detrimental to the Antarctic ecosystem. 

Another consequence of climate change is that native species will be introduced to new prey animals (Barbosa & Palacios, 2009). This facilitates the interaction of native and non-native species that may carry multiple diseases that the other has not been exposed to but will become exposed to with digestion of novel prey items (Barbosa & Palacios, 2009; Barriga et al., 2016). This could be detrimental to the Antarctic wildlife as they have not evolved with diseases and so will not have any defences for the new diseases they may encounter through climate change (Abad et al., 2013; Grimaldi et al., 2015). 

 



Conclusion

From the literature it is obvious that there is a much more diverse range of diseases in Antarctic marine organisms than was previously thought. Not only is disease being introduced to the continent of Antarctica, but it is also being transmitted intra-continentally. The three major vectors of disease transmission are human travel, migratory species and climate change and they are facilitating disease spread. Another vector that seems to be overlooked is the life history of seals and penguins as both form colonies on ice and land and live in close proximity to each other. This facilitates the rapid spread of disease among individuals and it becomes a major concern once the disease is found to be present in just one individual. The literature provides a wide range of material on disease in multiple Antarctic organisms, from seals to sea stars. While most of the literature is concerned with the impact of introduced diseases into Antarctica, there is little concern about the endemic diseases going out of Antarctica or the impact of human contact with diseased Antarctic animals. The literature has shown that the new technologies available are proving that there is a vast amount of disease present in Antarctica. Therefore, priorities should be aimed at regulating disease vectors where possible into Antarctica but also on protecting scientists that may interact with diseased animals and have the potential to transmit diseases out of Antarctica too. 
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