EFFECTS OF CLIMATE CHANGE ON WILDLIFE
HEALTH:
Implications f?r Conservation, Domestic Animals,
and Human Health
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Wildlife health...

a very important issue.




Public health concern

 Most EID are zoonoses
« 72% of these have a wildlife origin

HE SHIFTE FACTOR - HOT SUMMER I (Jones et al, 2008. Nature)
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A concern for agriculture
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Conservation concern

* Anthropogenic disease

 Pollution
» Foreign pathogens

* Environmental stress
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Everyone’s concern?
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The concept of health,

In the wild...




THE CONCEPT OF HEALTH




THE CONCEPT OF HEALTH




NATURAL DISEASE
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Billions of people
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DYNAMICS OF HEALTH

Cell type
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Climate change:

mechanisms affecting wildlife health




Global surface warming (°C)

Climate change

a) Precipitation
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(From the Intergovernmental Panel for Climate Change, 2001)



In which ways could climate change affect
wildlife health?

PATHOGEN

HOST VECTOR

VULNERABILITY ABUNDANCE
Dz INCIDENCE

(in a wildlife sp.)

HOST ABIOTIC FACTORS
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In which ways could climate change affect
wildlife health?

e

WILDLIFE *~
CONSERVATION
SOCIETY -,

<
g
=S

oy
]




Direct mechanisms

a. Increased pathogen/vector

b. Increased host susceptibility to infection
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Measuring the effect
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IT IS DIFFICULT TO MEASURE THE EFFEC’T U

OF CLIMATE CHANGE:
1. There is need of long term data

2. There are concomitant changes (e.g. pollution,
land use, habitat destruction)




a. Increased pathogen/vector proliferation and/or
subsistence: expanded geographic range
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a. Increased pathogen/vector proliferation and/or
subsistence: expanded geographic range
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a. Increased pathogen/vector proliferation and/or
subsistence: expanded geographic range & seasonality

Response of pathogen growth rate to annual temperature
and 1.5 degree average warming
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a. Increased pathogen/vector proliferation and/or
subsistence: increased intensity/severity of infection

Feral Soay sheep in St. Kilda (Scotland)
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a. Increased pathogen/vector proliferation and/or
subsistence: increased intensity/severity of infection

s
£
=
T
S
=

' 1y
S i ; e
Female lambs  Female yearlings  Male yearlings

(Gulland et al 1993. Proc R Soc Lond B)



a. Increased pathogen/vector proliferation and/or
subsistence: increased intensity/severity of infection




a. Increased pathogen/vector proliferation and/or
subsistence: increased intensity/severity of infection

Increased
precipitation

Increased larval
subsistence

\ High parasite

burdens
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b. Increased host susceptibility to infection:
Increased exposure

Changes in host behaviour favouring
pathogen transmission
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b. Increased host susceptibility to infection:
Increased exposure

Changes in host behaviour favouring
pathogen transmission
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Some host species and their parasite
communities are expanding their distribution




Batrachochytrium dendrobatidis reaching unprecedented
altitudes in Peru




b. Increased host susceptibility to infection:
Affected host vulnerability
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Locus coeruleus
noradrenergic system)
Noradrenaline
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How would climate change
affect host resistance?

trade-offs: physiological economy

Basal metabolism

Locomotor system
Resources

(nutrients & body reserves)
Reproductive system

Somatic effort

Thermoregulation
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¥

Poor
population

l T growth

Infection

Low host
densities

Poor performance

(Beldomenico et al, 2008. Proc R Soc B
& Beldomenico et al, in review)
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Effects of climate change

e EXxpansion in the geographic \
distribution of some pathogens

e Changes in the seasonality

_ _ Affected dynamics of
e Increased severity of disease health
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Conservation problems arising from

wildlife health disruption




Sea surface temperature favoring the proliferation of
some disease agents
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Sea bird mortality in the South Atlantic

¢ Puerto Madryn

rd

Malvinas

South Georgia
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| CORAL BLEACHING

* High sea surface temperature
e CO, increase
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Increased ectoparasitism in birds

Anecdotal evidence suggests that this parasitism
has become more frequent in southern S.A.




Climate and parasite abundance

The intensity of Philornis parasitism depends on
temperature and rainfall

Precipitation
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More botflies are associated with more mortality
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More heat and precipitation—> More botflies - More
nestling mortality

Incremento de la precipitacion en Buenos Aires 1900 — 2000
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Regarding host susceptibility...

Keeping a good condition iIs important to avoid
Infections, and avoiding infections is essential to
Keep in good condition

If climate change impoverishes the condition of most
Individuals in a population, then vicious circles may
be triggered and the population will decline
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Worldwide amphibian declines

In the last decades,
thousands of
amphibian spp have
declined

e 447 spp. critically
endangered

e 122 spp. Possibly

extict
(Global Amphibian Assessment)
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Worldwide amphibian declines

The spreading pathogen hypothesis (Lips et al 2008. PLoS Biol)

The climate-linked epidemic hypothesis (Pounds et al 2006. Nature)
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Worldwide amphibian declines
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Body condition index (bci)

0.025 ]

Worldwide amphibian declines & vicious circle

Global warming affects condition of amphibians

(Reading 2007. Oecologia)
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Worldwide amphibian declines

Declines are preceded by increased stress
(Alford et al 2007. Nature) ,
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Worldwide amphibian declines

Poor condition

> Amphibian decline
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Worldwide amphibian declines

» ULTIMATE CAUSE

Poor condition

» PROXIMATE CAUSE
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Implications for livestock and human

health




335 emerging infectious diseases since 1940,
145 from wildlife (Jones et al 2008. Nature)




Why do zoonotic diseases emerge or re-
emerge?
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When does the risk of acquiring a zoonotic
disease from wildlife increase?

ABUNDANCE OF
INFECTED
RESERVOIR HOSTS

INCREASED CONTACT
WITH PATHOGENS




When are infected reservoir hosts
abundant?

ABUNDANCE OF
RESERVOIR HOSTS HIGH PREVALENCE

ABUNDANCE OF
INFECTED
RESERVOIR HOSTS
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SYNERGISM BETWEEN ABUNDANCE
AND PREVALENCE
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Why the synergism between abundance and
prevalence?

AT HIGHER
AT HIGHER DENSITIES:

DENSITIES: IMPOVERISHED
MORE CONTACT CONDITION

BETWEEN (STRESS AND LESS
INDIVIDUALS RESOURCES)

(Anderson & May, 1979. Nature)
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THE VICIOUS CIRCLE

HIGH HOST DENSITIES

Poor condition

Poor performance

(Beldomenico et al, 2008. Proc R Soc B)




THE VICIOUS CIRCLE

Males

HIGH HOST DENSITIES

1.0

v

Poor condition

Predicted proportion that will seroconvert a month later

eJun IJun Jul Aug Sep Oct

Months

Beldomenico et al, in press. Epidemiol Infect




THE VICIOUS CIRCLE

HIGH HOST DENSITIES

v

Poor condition

Preceding lymphocytes/microlitre
4000 6000 8000 10000 12000 14000

Beldomenico et al, in review



SUMMARIZING

HIGH HOST DENSITY

HIGH PREVALENCES &
INFECTIONS of HIGH
INTENSITIES
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What causes host
abundace to
peak?
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ECOSYSTEM DISTURBANCE

LOSS OF THE leTlON EFFECT

N

Vector-borne pathogens

Specialist pathogens
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Species richness

: Computer simulation results showing how increasing
SChmldt & Ostfeld, 2001. Ecology vertebrate diversity reduces risk of exposure to Lyme disease
Keesing et al, 2006. Ecol Lett

From Schmidt and Ostfeld 2001.




RATADAS
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Climate change has the potential to cause health
problems when circumstances determine:

e Hosts to be more susceptible
e.g. amphibians

 Pathogens and vectors to be favored
e.g. Cholera, Bluetongue, Dengue fever

* Reservolir species to proliferate
e.g. Hantavirus reservoir hosts




What will be the net effect of climate change on
disease dynamics for a determined wildlife
species?

e \We need to conduct much more research to

be able to give a sensible answer.




Studying and monitoring health dynamics in natural
systems IS important to:

e be able to better understand health phenomena in
Intervened systems (human and livestock).

e be able to understand the determinants of disease
variation in wildlife populations

This information is crucial to anticipate health
problems, as well as to develop appropriate control
measures
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Is biod \}é éity b risk for diseaik emergence?

Richness positively correlated with disease emergence (Jones 2008)

Table 1| Socio-economic, environmental and ecological correlates of EID events
Pathogen type Zoonotic: wildlife
Mumber of EID event grid cells 147-156

b B
log(JID articles) . 0.34-0.37%** 1.41-1.45
log[human pop. density (persons perkm®)] 0.56-0.64%%# 1.75-1.90
Hurman pop. growth (change in persons per km*,1990-2000)1 0.09-0.45 1.09-1.56
Latitude (decimal degrees) 0.002-0.017 1.00-1.02
Rainfall (mm) (0.14-0.06)x 103 1.00-1.00
Wildlife host richness 0.008-0.013%* 1.01-1.01
Constant 9.81 to —B.78%%#
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A great biodiversity supposes also high
pathogen diversity, and hence greater hazard,
but this does not necessarily imply greater risk




