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Overview of the Presentation 

1. Review how climate change may affect the health of 

farmed aquatic animals.  

2. Discuss direct and indirect climate-related effects on 

infectious and non-infectious agents/diseases. 

3. Highlight challenges when attempting to assess how and 

to what level climate change may impact aquatic animal 

health. 

Goal: Stimulate discussion. 

 

 



Climate-related impacts on diseases of 
terrestrial animals and humans  

For a number of important diseases of terrestrial animals and 

humans changing climatic factors have been identified as 

one of several factors that drives changes in disease 

distribution, prevalence and intensity.  

This is particularly the case for vector-borne and emerging 

diseases, however there remains uncertainty with respect to 

the relative importance of climate change as a driver. 

Sorting out effects of climatic factors from those caused by 

numerous other abiotic and biotic environmental, behavioural 

and social factors has been challenging and only achieved in a 

few instances.  (tick borne encephalitis in Europe) 

 



Climate-related impacts on Aquatic 
Animal Health 

Features of the host, the disease-causing agent 

and the environment interact to control the 

ecology of infectious and non-infectious 

diseases.   

Complex relationship (emergent property) that 

is for most diseases not understood.  

Uncertainty about the magnitude of climate 

change and its effects on these features  

makes understanding and predicting outcomes 

from this relationship even more challenging.  

Emergent properties: are properties' that cannot be entirely 

explained by their individual components.  They also have 

some element of novelty.  The host, agent and environment 

all bring their own emergent properties into this interaction. 

Triad of Causality 

Climate Change 

Climate Change 



Anthropogenically-derived increases in greenhouse gas (CO2, 

CH4, NO’s) concentrations are projected to substantially 

affect Global Climate. 

Effects on aquatic systems will include:   

1. Increased temperature 

2. Lower pH (acidification) 

3. Changes in patterns of precipitation/evaporation  

4. Effects on water column structure/ stability and 

patterns of circulation 

5. Frequency and magnitude of storm events 

It is important to remember that these effects will interact with other 

regional and global forms of environmental change (e.g.. large-scale  

climatic and localized processes such as eutrophication).    



How will these changes affect Aquatic 
Animal Health? 

It is thought that climate change will change the risk to 

aquaculture posed by diseases through:    

1. Changes in the susceptibility of host species to enzootic 

disease-causing agents (including introduction of new host 

species to offset effects of climate change) 

2. Alterations in the distribution, prevalence and virulence of 

infectious disease-causing agents 

3. Alterations in the distribution and prevalence of non-infectious 

agents 

4. Incursion (and persistence) of non-enzootic disease-causing 

agents 

Most people think that risk of disease will increase due to climate 

change; however there will be instances where risk is decreased.   



Host Susceptibility: Climate-related changes may 
affect host susceptibility  

Primary Response (hormonal and 

neurotransmitter responses) 

Secondary Responses (metabolic, 

cellular and osmoregulatory changes) 

Changes in immune functions 

(innate and adaptive) 

Tertiary Responses (reduced whole 

animal performance characteristics) 

Growth 

Swimming Capacity 

Disease Resistance 

STRESS 

Physical Stressors 

• Temperature  

• Confinement 

• Phytoplankton 

 
Chemical Stressors 

• Low DO 

• Acidification 

• Phytoplankton 

Perceived Stressors 
(exposure to pathogens) 

Climate change will affect the direction, magnitude and 

duration of stressors, as well as the frequency of their 

occurrence.  

Any measurable effect would likely be host, disease 

and site/location specific.  

Multiple Stressors may or 

may not act independently. 

Cumulative effects not 

predictable. 



Host Susceptibility: Ecological mechanisms 
may alter disease risk 

The susceptibility of the host to infection with a disease-causing agent 

can be altered through ecological, as well as physiological and/or 

immunological mechanisms. Ecological mechanisms which enhance 

host susceptibility and interactions with pathogens include:   

• Changes in abundance of wild hosts, or in the case of parasites, 

their intermediate hosts 

• Changes of prevalence of infection in wild hosts or intermediate 

host populations 

• Range extensions of wild hosts and/or intermediate host species 

 

Results in changes in the distribution and abundance of disease-

causing agents (infection pressure), as well as increases potential for 

the introduction of non-endemic disease causing agents.  

 



Climate change may affect the risk of exposure of farmed 
fish to disease-causing agents (IHNV and VHSV). 

IHNV: Declines in the abundance of Sockeye Salmon, especially in southern 

waters, have been attributed to changing climate with declines expected to continue 

as climates continue to change.   

• Possible reduction in the risk of IHNV exposure to farmed fish in areas of 

Sockeye Salmon declines? 

• However, any reduction in risk could be possibly offset by: 
1. a higher incidence of IHNV in wild fish arising from climate-driven changes and/or 

2. changes in susceptibility of farmed fish to IHNV under conditions of climate change 

(stress-vaccine efficacy?) .   

VHSV: Changes in the species composition and abundance of non-salmonid finfish 

in coastal waters is expected as climates continue to change.    

• Increased risk of VHSV exposure to farmed fish if non-salmonid hosts increase in 

abundance or become resident in areas of salmon farming for longer periods 

during the year (Sardines)? 

• The prevalence of VHSV carriers within wild populations (outside of herring) is 

poorly understood. 

• However, change in susceptibility of farmed fish to VHSV could result in more 

serious disease without any change in exposure levels.   



Range Extension of Aquatic Diseases 

(First report of oyster mortalities) not 

attributed to a specific disease 

• Northward extension of oyster pathogens has coincided with pronounced winter 

warming periods since mid-1980’s.   

• Driven by climate-induced changes in temperature and estuarine salinity that impact 

oyster susceptibility and pathogen abundance/virulence?  

• Increased surveillance and the development of molecular diagnostic test methods 

may have influenced these reported distributions.    



How might climate change affect 
virulence? 

Virulence can be defined as the degree of pathogenicity of a agent, as 

indicated by the severity of disease produced and the ability to invade 

the tissues of the host. It is important to remember that virulence 

can only be expressed in a susceptible host.   
 

For this reason any discussion of virulence must consider 

aspects of the infectious agent, as well as the susceptibility of 

the host.  

• Infectious agents that are avirulent in healthy hosts may 

become virulent when hosts become compromised.   

• Changes in windows of infection and disease severity (driven 

by pathogen biology and host susceptibility) 



How might climate change directly affect 
disease-causing agents? 

Mutation Rates?     

Replication and Reproductive rates   

As a general rule increased temperature decreases the generation time 

of pathogens, as well as increases host immune functions (up to a 

thermal maximum).  

 For some agents higher temperatures may increase reproductive output 

(sea lice) 

 Replication and growth rates may also increase in response to poor 

host health status. 

“Virulence” Factors? 

Disease (damage to the host) can result from factors produced by the infectious 

agent, the host response to the infectious agent, or both.   

 



How might climate change directly affect 
disease-causing agents? 

IHNV UV Inactivation Trials
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Changes in the physical, chemical 

and biological properties of the 

water column, as well as weather 

patterns may affect survival of 

infectious agents in the 

environment.  

• connectivity between farm sites 

• risk of agent transfer within and 

between farmed and wild 

 

Sea Lice: Change from 8 to 10oC 

would decrease period when 

copepodids are infective from 10 to 

8 days.  Loss of FW input may 

increase salinity water leading to 

increased lice survival  
Garver et al. 2013. PLOS ONE Volume: 8 Issue: 

12 Article Number: e82296 



How might climate change directly affect 
disease-causing agents? 

Increases, decreases or shifts in windows of infection or timing of disease 

occurrence due to affects on pathogen biology  

Sealice 

Salmon alpha virus infection in vivo is temperature-restricted and progeny virus is only 

produced at low temperatures (10–15 °C).  

 Changes in incidence of 

clinical disease  

Denman Island Disease:  

(Mikrocytosis mackini) Severe 

infections appear to be restricted 

to older oysters (over 2 years) and 

mortalities occur predominantly in 

April and May after a 3-4 month 

period when temperatures are 

less than 10°C.  

Host or parasite driven? 



Effect of increasing water temperatures on 
disease risk.  

• Temperatures have increased 

significantly over a 21 year period 

at Atlantic salmon production sites 

in northern Finland.  

• Different diseases show different 

trends for different farms and age 

classes of fish. 

• Demonstrates that it will be very 

difficult to predict climate change 

impacts on disease.  

•  Impacts will likely be disease-, 

host- and site-specific. 

 

 

 

 

Ichthyobodo necator 

Chilodonella spp. 

Ichthyophthirius multifiliis 

Flavobacterium columnare 

From: Karvonen et al. 2010. Int. J. Parasitol. 40:1483-1488. 

 

Farm A Age - 0 Farm A Age - 1 

Farm B Age - 0 Farm B Age - 1 



Changes in distribution and abundance of 
non-infectious disease agents (PESTS) 

Increased Risk of Harmful Algal Blooms – 

causing deleterious physiological or 

environmental effects.   
• Toxicity 

• Blooms of non-toxic forms leading to reduced 

DO concentrations (stress – morbidity) 

Climate-related changes to physical 

(stratification/stability) and chemical 

properties of coastal waters are expected 

to impact plankton communities and 

possibly favor some forms of harmful 

algae. 
• Expanded species ranges 

• Increases abundance and in duration of annual 

occurrence 

• Possibly increased toxicity? 

 

 

Moore et al. 2008. Puget Sound 

effects of various warming 

scenarios on shellfish toxicity. 

Environ. Health 7(S4) 

2100 



Changes in distribution and abundance of non-
infectious disease agents (PESTS) 

Jellyfish (gelatinous zooplankton)  

• Many scientists believed that the abundance of 

many species of jellyfish has increased since 

the 1970s. However, there are areas where 

there is good evidence that jellyfish numbers 

are declining.  

• Increases have been linked to various 

disturbances: overfishing, nutrient loading, 

habitat modification, marine transport-related 

introduction, as well as climate change. 

• Disease in cultured fish under-reported? 

• Significant disease in Northern Ireland first 

noted in 2007. 

• Others?  Amoeba? 

 

http://www.ia.ucsb.edu  

López M, Mitchell SO, Rodger HD 2014. Pathology and 

mortality associated with the mauve stinger jellyfish Pelagia 

noctiluca in farmed Atlantic salmon 

Salmo salar L. DOI: 10.1111/jfd.12267).. 

 

http://www.ia.ucsb.edu/
http://www.ia.ucsb.edu/


Effect on health management practices 
therapeutants and vaccines. 

Revision of current or development of new fish health 

management strategies/plans 

Changes in the frequency and severity of disease outbreaks may be reflected 

in a need to increase the use of veterinary drugs 

Higher rates of disease progression may necessitate changes in which 

therapeutants are used and how they are applied, as well as affect their 

effectiveness.  

Higher temperatures may:  

• affect toxicity of some therapeutants (eg. hydrogen peroxide, formalin) 

• restrict the antibody response to some vaccines (eg. DNA vaccine salmon 

alphavirus) (Hike et al. 2014 Vaccine)  

• change the level and duration of protection afforded by current vaccines. 

Development of new vaccines and adjuvants    



What are we certain about? 

Climate change is occurring  

Over the short term: higher variability in environmental conditions may be 

expected (global warming impacts on large scale climatic events El Niño-

Southern Oscillation) 

There is a correlation between climate change and changes 

in the distribution and frequency of occurrence of some 

animal and human diseases.   

However, the amount that climate change contributes to these changes is 

uncertain due to the presence of other anthropogenic and social factors 

acting upon these systems.  



What do we expect will be the case? 

That the level of impact of climate change on aquatic and 

terrestrial animal health will vary globally and most likely at 

smaller scales. 

That relationships that presently exist between disease 

agents, hosts and environment will change.  However:  

• the nature of the changes will be dependent on the diseases agent, the host 

species, and location. Such changes are likely not predictable. 

• the identification and quantification of effects of climate change may not be 

possible due to dynamic interactions between infectious agents, their hosts 

and the environment.  

• although many changes might increase disease risk, in some cases risk may 

be reduced. 

• the magnitude and timing of changes in the distribution and abundance of 

wild sources of infectious agents is unknown.   

• the risk of introduction of new infectious agents is unknown.   



What I have attempted to do in this presentation? 

• Highlight the complexity in the relationship between climate change 

and diseases of cultured aquatic animals.  

• Highlight the difficulty in predicting the influence of climate change 

on disease of aquatic animals. 

• Emphasize that climate change is only one of multiple stressors that 

impact aquatic animal health. 

• Emphasize the complexity of the H-P-E relationship (triad of 

causality) and the additional uncertainty brought to this relationship 

with respect to how climate change will influence each of these 

components and the ultimate outcome of their interaction.   

• Emphasize that climate changes effect on diseases may be neutral 

(no effect), detrimental or beneficial. Depends upon the disease, the 

host and the geographical location/environmental situation and the 

direction and magnitude of climate change.  




