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A. Introduction.

Pnr--ltoloﬁy has always been a discipline wvhere purely
academic studies of the evolution of parasites and their life
cycles have progressed as a necessary compliment to tha study of
the pathology and control of the major tropical diseases of
humans and their livestock., Indeed the most striking featurs of
parasitology is the diversity of parasites in the wars tropiocal
regions of the world and tha truly frightening levals of
debilitation and misery they cause. Detarmining how long-tera
climatic changes will effact the distributions of different
parasites and pathogens is at first sight a daunting task that
almost dafies quantification. Nevartheless as parasitologists
have always baan concernad with the influsnce of c}iuatologtca&
effacts on different parasite species, it is possible to baegin to
make some qualitative speculationa on the ways that global
warming might effect tha distributions of some specific tropical
disesses. Similarly, the study of parasite bopulation dynamios
has developaed within a solid theoretical framework (Anderson &
May 1979; May & Anderson 1979). This peraits the devalopment of
quantitative apsculation in more general studies concerned with

how parasite-host interactions may respond to parturbation.

This papsr will try to address both the more gsneral

questions about the response of parasite-host syatema to long




tera climatic changes and the more spucific response of ona
particular pathogen to the changes in climate predicted for the
next one hundred years, The paper initially provides a brief
overview of parasite-host population dynamsics with an emphasis on
those features of a parasite’s life history that are most
susceptible to climatic change. Potential changes in the
distribution of several species of Trypanosoma, tha causitive
agent of sleeping sickness in Africa, are then examined using
predictions of climate change and quantitative sastimates of the
climatic tolerance of its vector, the tasetse fly (Glossina spp.).
The factors determining the structure of whole communities of
parssites in individual host populations ars then briefly
exaninad., while the final discussion pulls together the

implications for conservation.

Macroparasites and microparasiteas.

Current estimates suggest that parasitism of one form or
another may be the most common fors of life styls in at least
three of the five major phylogenetic kingdoai (May 1988; Toft
1986). The enormous array of pathogens that infect humans and
other animals may be convenlantly divided on epidemiological
grounds into microparagites and macroparasites (Anderson & May
1979; May and Anderson 1979). The former include the virusas,
bacteria and fungi and are characterized by their ability teo
reproduce directly within individual hosts, their small size and

ralatively short duration of infection and the production of an

immuns responsa in infected and recovered individuals.
Mathematical modals axamining the dynamics of these pathogens
divide the hosmt population into susceptible, infected and
recoverad classes. In contrast, the sacroparasites (the
parasitic helminths and arthropods) 4o not multiply directly
within an infected individual, but inatead produce infaective
stages which usually pass out of the host before transaission teo
another definitive host. Macroparasites tand to produce &
limited immune responss in infected hosts, they are relatively
long-lived and usually visible to the naked ays. Mathematical
models of thae population dynamics cof macroparasites have to
consider the statistical distribution of parasites within the

host population.

Direct and indirect life cycles. )

A sacond division of parasite life histories distinguishes
betwasn thoss spacies with monoxgnic life cycles, and those with
heteroxenic life oycles. The former produce infective stages
which can directly infect another susceptibla definitive host
individual, the latter utilize a number of intermadiate hosts or
vectors in their transmission between definitive hosts. The
evolution of complax heteroxenic life cycles parmits parasite
species to colonize hosts froam a wide range of ephemeral and
parmanant environments, while alsc permitting them to sxploit
host populations at lower population densities than would be

posaible with simple direct transmission (Andarson 1988; Dobson



1988; Mackiewice 1988; Shoop 1988). Howsver, parasites with
hateroxenic life cyclea are sssentially constrained to those
areas whera the distributions of all the hosts in the life cycle
ovaLlnp. Changea in the distribution of the these host species
due to climatic changas, will therafore be vary important in
determining the areas where parasites may continue to peraist and

areas where parasites may be able to colonize new hosts.

Agquatic and terrestrial hosts.

Climatic changes are likely to have different effacta on
aquatic and terrestrial anvironmenta (Harte & Torn, thise
symposius). The heteroxenic life cycles of soma parasite species
often allow thea to sequentially utilize hosts from sither typa
of habitat, It is thus important to determine the different
responses of the terrestrial and aquatic atages of a parasite’s
lifae cycla tc climatic change. To¢ examine this particular
quaation and other responses of parasites to climatic change we
raquire a quantitative framework within which to discuss ﬁaraaite

life hiatory atrategiles.
B. Parasite life history strateagiass.

The complexities of parasite host population dynamics may be
reduced by the derivation of expressions which describe the most
important epidemiolcogical features of a parasite’s life cycle

(Anderson & May 1979; May & Anderson 1979; Dobson 1988). Thrae

paramnsters are important in describing the dynamics of a
pathogen: the rate it will spread in a population, the thrashold
number of hosts required for the parasite to establish and the

mean levels of infection of ths parasite in the host population.

Basic raproductive rate of a parasite, Ro.

The basic reproductive rate, R, of a microparasite may be
formally defined as the number of new infections that a solitary
infected individual is able to produce in & population of
susceptibla hosta (Anderson & May 1979). In contrast, Ro for a
sacroperasite is defined as the number of daughtars that are
established in a host population following the introduction of a
@solitary fertilized female worm. In both casaa the resultant
expression for Ro usually consists of a ters for the rates of
parasite transmission, divided by an expression for the rate of
mortality of the parasite in each stage in the 111; cycle (Tabla
1). Increases in host population size or rates of transsission
tand to increase Ro, while increases in p;tllit. virulenca or
other sources of parasite mortality tend to reduce the spread of

the pathogen through the population.

Thresholds for establishment, H,.

Tha threshold for establishment of a parasite, Hy is the
ainimus nusber of hosts required to just sustain an infection of
the pathogen. An sxpression for H,, may be obtained by

rearranging the expreasion for Ro to find the population density




whers Ro equals unity. This may be done for both micro- and
macroparasites with sither simple or complex life cycles (Table
1). The resultant axpressions suggest that changes in the
paramstars that tend to increase Ro, tend to reduce H, and vice
versa. Thus more pathogenic spaciss raguire larger populations
to sustain them, while reductions in the mortality rate of
transmission stages may allow parasites to maintain infectiona in

populations previously to small to sustain them.

Mean pravalence and burden at equilibrium.

It is also possible to deriva expressions for the levels of
prevalence (proportion of the hosts infected) and incidence (mean
parasite burden) of parasitas in the host populations. In
general, parameters which tend to increase Ro, tand also to give
increases in the proportion of hoats infected by n‘licropurn-ite
and increasea in the mean levels of abundance of any particular
macroparasite (Anderson & May 1979; May & Anderson 1979; Dobson
1988). Most important, increases in the size of ths host
population usually lead to increases in the br.vulence and

incidence of the parasite population (Figure 1).

Having ocutlined the expreasions which charactarize the most
iwportant features of a parasites interaction with its host at
the population level, it is possible to uss thase expressions to
ascertain how parasites with different types of life cycle will

respond to long ters climatic changss. This say best be

undertaken by determining which stagas of the life cycles are
moat auscaptible to climatic variation and quantifying the

reaponse of thess stagea to climatic change.

c. Effect of taaperature on parasitse transmission rates.

The physiclogy of adults parasites is intimately linked with the
physiology of their hoata. Providing the hosts can withstand
environmantal changes, then it seams unlikely that the within~
host component of thae parssite life-cycle will be aignificantly
affacted. However, it is important to bear in mind that any form
of increasead stress upon the host may lead to inCrsases in rates
of parasite-induced host wmortality (Esch, Gibbons & Bourque
1975). In the absence of data from the specific sxperimesntal
studies which could throw considerabls light on these
relationshipa, this study will concentrate on the effect of
changes in meteorclogical factors on the free-living infective

stages of differant groups of parasites.

Effect of temperature on parasites with aquatic tranamisaion
stagea.

Savaral detailed laboratory studias have examined the sffect
of temperaturs on the transmisaion success of parasites with
aquatic infactive stages. The parasitic trematodes are probably
the most important class of parasites to utilize an aguatic stage

for at least part of their life cycle. The data pressantad in
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figure 2 are for two different trematode groups: the echinostome
specles is a parasite of ducks, the schistosomas are soma of the
soat lmportant parasitic diseases of husans in the tropics. In
both casea, increased temperature leads to increased mortality of
ths larval infective stages of the parssite. However, incraased
temperature alsc leads to increased infectivity of the larval
atage. The interaction between larval infaectivity and survival
means that net transmission efficiency peaks at soms intermaediata
tamparature (Figure 2}, but remains relatively efficient over a
broad range of values (16 - 36 °C. for Echincstoma liei carcaria
and 5 - 25" C. for S.sansonl miracidia). These synergistic
interactions hetween the different physiological processes
detarsining survivel and infectivity allow the aquatic parasitas
to infect hosts at a relatively constant rate over the antire
speactrum of water temperatures that they are likely to exparience

in their natural habitata (Evans 1985).

Effect of tempaerature on developmant rate in poikilothermic
hostas.

The effect of temperature on the developmental rate of
parasites in both aquatic and terrestrial hosts haa hesn sxamined
for several of the major parasites of humans in the tropics. In
contrast to transsission efficiency, increases in temsperature
usually lsad to reduced develcpment times for parasites that
utilice poikilothermic hosts (Figure 3), As with many

pPhysiological processes, a ten degres increase in temperature
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sasma to lead to a halving of the developamantal tims. This may
allow parasite populltioni to build up very rapidly following

increassas in temperature.

Paraaite populations in thermal cooling streass.

The sxpressions for Ro, and N,, derived in the first part of
this saction suggest that increases in transmission efficiency
and raductions in developasnt time induced by temperature changes
allow parasitas to establish in smaller populations and grow at
more rapld rates. This is observed to some extent in a pair of
long-term studies which compared the parasite burdens of
sosquito-fish (Gambusia afrfinis) populations in artificially
heated and control sections of the Savannah river in North
Carolina (Figure 4). The data for the tramatode
Ornithodiplostomum ptychochellus show significant Qittoronool .

between heated and ambient sites during the sarlier period of the

.ltudy when temperature differences wara most pronounced.

Infection by the parasites start saveral months earlier sach year
in the thersally altered aites. Howevar, infection rates declina
in the summar in the artifiocislly heated sites when populations
of hosts decline in response to high water temperaturaas (Caap,
Aho & Esch 1982). This effect may ba compounded by the movessnt
of the waterfowl that aot as definitive hosts for the parasits.
Thasa birds tend to prefer the warmer water in winter and coolar
water in the susmer (Ref: Tracy’s talk?). Bimilar, but less

clearly defined pattarna are oObsarved in the data for Diplostosus
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scheuring! from the same site (Aho, Camp & Esch 1982).,

These studies illustrate ths important role of host
population density in the response of a parasite tranamission to
tharmal atress, while aiso demonstrating the ability of parasites
to capitilize on improved opportunities for transmission and
astablish whenever potential opportunities arise. Obviously
these data are open to ssveral interpretations, but they do
emphasize the importance of long teras axperiments in detarmining
the possible impact of global warsing on the distribution of

parasites.

The effect of temperaturs on the parssites of terrestrial hosts.
The survival rates of the infective stages of the parasites
of most terrestrial species tend to decrease with increasing
temperature (Fig Sa). Although little evidence is available to
detarmine how the infectivity of these larvae is affected by
temperature, rates of larval devalopment tsnd aleso to decrease
with incressing teapsrature (Fig 5h). Thase two procasses again
interact synergistically allowing the parasita to establish at a
broad range of snvironmental tamspsratures. However, in contrast
to parasites that utilire aquatic hosts, parasites of tercestrial
hosts have transmission stages that are susceptible to reduced
humidity, and these stages are highly susceptible to desiccation
(Wallace 1961). To compensate for reduced opportunities for

transaission during periods of severely adverse climate,
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parssites of terrestrial hosts have evolved adaptations such as
hypobiosia. This allows them to remain in & state of arrested
davelopment within the relatively protected anvironment provided
by their hoats until such time as transmission through the
axternal environment proves more effective. The capacity of
terreatrial nematodes to arrest their development is & heritable
trait and one that sesamss to adapt very rapidly to different

climatological and mangesent regimas (Armour & Duncan 1987).

D. Predictive models for parasites of domestie livaestock.

Bacause interactions batwssn temperature and humidity seem
to be of major important in constraining the geographical range
of many of ths pathogens that infect domestioc livestock, a
conasiderable body of data exista which exazines th; relationahip
batwaen meteorological conditions and parasite outbreaks (Gordon
19483 Kates 1965; Levine 1963; Thomas 1974; Ollerenshaw 1974;
¥Wilmon, Smith & Thomas 1982). Indeed the parasitologists of the
1950°s and 1960‘'s firmly belisvsd that climate determined the
distribution of a parasita species, while weather infiluenced the
tising of diseass cutbreaks (Thomas 1974). This lad to the
devalopmant of large scale resesarch prograas designed to produca
forecasts of when disease outbreaks were likely to occur in
different areas and hence the best time to adsinister control

measuras.
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Bicclimatographs.

Ona way of dapicting the interaction between disease
cutbreaks and climate waa through tha uss of bioclimatographs
(Fig 6). The use of these diagraas for monitoring parasite
outbreaks was originally suggested by Gordon (1945) in a study of
the sheap neamatcocde Haemonchus contortus (tha barber’s pole worm).
Bioclimatographs are constructad by plotting the climatological
conditiona under which a parasite ia able to exist and under
which outbreaks occur onto a graph of wean monthly teamperature
and rainfall. When the mean waather data for each month of the
year are added to this diagram it is posaible to determine at
which time of the year outbreaks of the parasite are likely to
occur; Although the initial production of thesa diagrama
requires a long ters study of the parasite in any region. once
the data are available that describe the condition; for both
establishsent and optimal develcpment, then extrapolations may be
made to other regions for which conly the climate data are
available. Thus Gordon (1948) was able to use ﬁi- data for H.

‘ggnsggggg in Aramidale, New South Wales, where cutbreaks occur
from October to May, to axplain why outbreaks rarely occured in

other regions such as Albury (NSW) and Deloraine (Tasmania).

Levine (1963) reviewad and sxtended the use of
bioclimatographs to defina and explain the distribution and

ssasonal incidence of a variety of gastro-intestinal parasites of
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sheep and cattle. As bioclimatographs are usually based on data
for aean temparature and rainfall, they are usually only
partially successful for predicting parasite outbreaks in any
specific year. Sinilafly. derivation of bioolimatographs froms
laboratory deteraination of the parasite’s minimum and optimum
davalopsant constrajints is not often possible, as the clisate
conditiona exparienced by the parasite larvae in the soil, ars
oftean different from those ssasured by the local weather station
(Thomas 1974). Howavar, bioclimatographa resain useful tools for
determining whether a parasite will eatablish in any region.

They may prova invaluable in determining whether long ters
climatic changes will permit specific parasites of domestic
livestock to establish in regions whera they are not at pressnt a
problaemn.

.

Effect of temperaturs on transaission stages of microparasites.

Up until nov we have concentrated upon discusasing the effect
of temparature on parasitic helsinths, in pnft this reflacts a
perscnal bias, but it also reflects ths published literaturs.
Data on the effacts of tesperaturs, husidity and ultra-vioclet
light on the survival and infectivity of viral and bscterial
transaission stages seem relatively hard to locste. This
possibly reflects the tachnical difficulties in working with this
material. However, dats do exist which suggest that the

davelopment time of microparasite infections are depsndent on
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ambient temperature and there is some evidenca to suggest that
the infectivity of soms vector transwitted pathogens is
detarmined by the temperature at which their insect hosts are
raised (Ford 1971, p 104). Temperature may also indirectly
effect transaissicn rates by altering the bshaviour of insect

vectors (Figure 7).

E. Effect of climate change on the distribution of

trypanososissis in Africa.

Trypancaomiasis is one of the major diseases of humansa and
their domestic animals in Africa (Ford 1971). Tha disease is of
particular importance to conservation in Africa as its presence
way sxclude humans and their domestic livestock from areas whers
wild animals act as a reservoir of the disease (Molyneux 1982;
Rogers & Randolph 1988). The pathogen may ba classified as a
‘microparasite,’ it is transaitted by an insect vector, the
tsatse fly (Glossina spp). Rogars (1979) and Rogera & Randolph
(1986} have mada an sxtensive study of the meteorological
conditions which detarmine the diatribution of three speciss of
Taetsa flies (Glossina morsitans, G. palpalis and G. fuscipes).
Their atudy is complimentad by two msodels of the dynamics of the
different Irypanoscoms apecies, one by Rogers (1988) and cne by
Milligan & Baker (1988). The formar derives expreesions for Ro
and H ; that provide soma useful general insights into the

processes that are most important in determining the conditiona
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for the pathogen to establish; the latter davalops a more
specific analytical model for trypanoszomiasis based on detailed
parametsr sstimates from a study of Trypanosoma vivax in

Tanzania.

Rogers’'s (1979) analysis of the bicclimatic tolerances of
tastse fliss may be ussed to datarmine how pradicted pattarns of
climate change in tropical Africa might affect the distribution
of tsetse flies and trypanosomiasis. Using data from several
long term studies of two sub-species of tsetse flies in Nigeria
(Glossina morsitans submorsitans) and Zambia (G. &. mcrsitans),
Rogers (1979) was able to show that the mean monthly denaity-
indepandent mortality rates for thess flies moat clossly ralated
to mean monthly saturation deficit (an index of humidity} and, to
a lesser extent, msan msonthly tesmparature. These analyses
allowed Rogeras to 1dont1£y an snvironmental optilu; for each
apecies of tsetse fly. Whaen the data for ninety-one sitea
throughout tropical Africa are examined in terms of these
climatological conditions, 94% of the sitas within the present
known distribution of Teetse flies fall within the predicted
bioclimatic limits, whilat only 50X of non-taetse arsas do so
(Fig 8). These data can be used to compare the presant
distribution of Tsetse flies with the possible distribution given
a mean two dagree increase in temperature for sub-Saharan Africa
(Figurs 9), Here it is important toc note that, because we have &

better correlation between bicclimatic data and vhars Tsetse
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flies are found, than where they are not found, greater
confidence may be placed in the prediction for where Tseste flies
may decrease in abundance, than for regions where they might
e;tablilh. These caveata non-withstanding, the analysis
suggests that Tsests flies may bacome lesa common in Weat Africa
and acrosas the main sub-Saharan zone of central Africa. Thia
pattern may be matched by a spread further south of the vector

and ita parasite in East Africa.

Although the approach we have adopted in this analyais is
rather coarse, the data ars available to maka more sophisticated
and detailed snalyses for this and other pathogens. Froa a
conservation perspective it remains very important to determine
to what extent trypanosomiasis is at preasnt maintaining areas as
refuges for wild animals by excluding humans and their livestock
(Molyneux 1982; Rogers & Randolph 1988). If a change of climate
reduces tsetse leavels, then pressure for the sxploitation of
these areas would increase with their subsequent loss as a

wildlife refuge.
F. The structurs of parasite-hoat communities.

S0 far we have concentrated upon examining simple one host,
one parasite systema. In aystems that are dominated by the
presence of one particularly pravalent pathogen, this approach

!

saans fairly sensible. However, many host populationa maintain a
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community of several parasite lpoéial. The diversity of this
community and the sbundancas of its constituent parasite spacies
is intimately linked not only to the denaity of the host
population, but also to the pressnce of othaer hoat species which

act as ressrvoirs for other parasite apacias.

Dynarica of one host, many parasite apecies communities.

It is possible to axtend the basic one host/one parasite
models to examine the dynamics of more complex coamunities
(Figure 10). Preliminary analyais of wodela for such communities
sugsasts that parasite species diversity is a direct function of
hoat danaity and that the relative abundance of each parasite’s
spacies ia determined more by the life history attributes of tha
parasite that determine its transaission success, than by
interactions with other parasite species (Dobson 1986, 1989).
This suggests that changes in host density due to changes in
meteorological conditions will ba crucial in detarsining the
divarsity of the community of parasitea supported by tha hosta.
Increases in the desnsity of some hosta will allow tham to aupport
a more diverse parasite fauna, while decresases in the density of
other hosts will reduce the diversity of their parasite
comaunity. A study comparing the effects of thermal cocling on
the parasite fauna of an aquatic anail pressnts some

corroborative avidence in support of this modal.

Sankurathi and Holmes (1976a.,b) studied a population of
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Physa gyrina and its parasites and comsensals in Lake Wabamun in
Albarta, Canada. A section of thae lake was used au‘n cooling
facility by a power station and consequently was warmser than the
rast of the lake and relatively free of ice in winter. The
affacts on tha population of snails were pronounced when both
density and population structure are compared for heated and
control sites, with population density often saveral orders of
magnitude higher in the heated areas (Figure 11). This, and the
continual presence of the vertabrate dafinitive hosts in the
parasites life cycle allowaed a considerable increase in both the
prevalence and diversity of the parasite community living in the
snail population (Teble 12}, It is also interesting to note that
the increased watsr temperature had a detrimental effect on the
two spaciaes of commensal chastogasters that live in the mantle of
the snails. Laboratory experiments showed that thess commansals
act as predators which live by attacking and 1ng.s€1nq the
infective atages of parasites that try and infect their snail
host (Sankurnth;‘& Holmes 1976b}. An incorsase in temperature
leads to tha chaetogasters abandoning the sniil and dying. this
in turn leads to further increases in the rates of parasitism of

tha snail hosts.

Dynamics of two host, many parasite species cossunities.

A wmore complex pattern smerges if we consider tha community
atructure of parasite in host apecies which share parasites.

Vhen parazites are able to usa mors than one species as a
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dafinitive hoat, thair ability to establish in any one host
spacies will be dependant upon the density of all the potential
species of definitive host present in an area. As different host
-peéicl may have different susceptibilities to the parasite and
differant parasite species may reproduce at differsnt rates in
different host species, tha cosposition of the parasite
assanblage will depandent crucially on the density of different
host species (Fig 13). Variations in the population density of
different host species may thus lsad to variations in the
parasite burdens of othgr hoat spacies, in scme cases this may
allow pathogenic parasitas to establish in peopulations of hoats
which would otherwisa be too small to sustain them. Changes in
the composition of host communities that result from oclimatic
changea will lead tc changes in the atructure of the parasite
community that thesea hoats support and the possible introductipn
of parasites not previously preaent in thes host poﬁulation.

Where mambers of tha parasite community are important in
madiating competitive intaractions betweaen hosts, this may lead
to further changes in the structure of the host ccamunity and the

poasible extinction of particularly susceptible hosts.
Conclusions.
The geographical distributions of most parasite species ars

constrained by sither the distributions of potential host apeciss

or by anvironmental constraints on the parasite’s rates of
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devalopment. Although davelopmantal rates in verteabrate hosts
may be comparatively unaffaected by changes in environmantal
temperature, the available evidence suggests that pnr;sit. free-
living satages and those that live in invertebrate poikilothersic
hosts are ausceptible to prevailing metecrclogical conditions.
Gillett (1974) suggests that the range boundaries of many vector
transmitted disesses ara determined by the development time of
the parasite exceeding the average life sxpactancy of the insect
vector. As increases in environmental tempsrature ars likely to
lead to more rapid devslopmantal times for the stages of parasite
life cycles that utilize insects as vactors, long tarms increasaes
in teamperature are likely to lead to increasss in the ranges of
many diseases transaitted by insects such as malaria and

filariasis.

Up until the mid-1970's parasitologists baeliaved that
temperature and moisture were the dominant meteorclogical factors
determining diseass outbreaks. Curiocusly this arsa of
parasitology has been relatively neglectead for the last ten to
fifteen yaears. In part, this may be due to the development of
anthelmintic drugs which could ba readily administered to
livestock. It may alsoc be dus to a change of direction in modela
for parasites which now emphasize the previously neglectad non-
linear componants of parasite dynamics (Anderson & May 1978, May
& Anderson 1979), Finally it may also reflect the smergsnce of

msolecular imsunology and the search for vaccines for parasites of
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domestic livestock. However, serious lavels of rasistance have
now amergad to many snthelsintic drugs (Anderson & Waller 1985)
and the developmant of vaccines is progressing at a slowar rate
than waa originally anticipated. A= long-ters climatic changes
may lsad to the introduction of parasites into new areas at a
time when our ability to control them is rapidly diminishing,
this may cause sajor disease problema for many types of domeatic
livestock. In some casea this will lead to the abandonment of
pressnt pasture lands which may then be set asidse for naturs
resarves. In other regions it will lead to incressed pressure by
an increasingly hungry human population to utilize present
reserves as grazing areas. It sesems unlikely that the net result

of this exchangs will ba in favor of wildlife.

A conaiderable body of literatura is already Qvailahlo that
deals with the climatic responses of a variety of parasites
(Kates 15965; Lavine 1963; Thomas 1974; Wilson, Emith & Thomas
1982). Wa now alsc have much batter models for examining the
dynamics of parasitas at all stages of thoir'lito cyolas
(Anderaon & May 1979, 1986; May & Anderson 1979). Although thers
are problems of scale associated with extrapolating betwvesn the
physiological procasses of parasites measursd undar controlled
laboratory conditions and the coarser scals prediotions available
for longer teram climata change, it should be possible to msrge
these various sources of information to produce a quantitative

synthesis of the way global climate changs may affect the




24
distribution of many parasites. It thus aseams likely that global
warming will give new proainance to an ares of parasitology that

had fallen into relative neglect.

Inplications for conservation.

The examples given above are mainly from well studied
spacies in little danger of extinction. Assessment of the
potantial effects of global warsing on the parasites of
endangered spacies can really only bs undertaken by extrapolation
from thase examples and the models used to explain the more
general featuras of parasite-host population dynamics. In thia
final section we consider a number of possible scenarios that are
likely to arise as host populations respond to long-tera climate

changas.

Initially consider an andangersd species whome population
density has declined to such low levals that it is only present
in a single nature reserve. Under thess conditions it sesms
likely that a further decline in population sire due to global
waraing will reduce the effacts of the parasites alraeady presant
in that population. However., the immigration of naw host spacies
into the area, as a reaponse to climate changa, may lead to the
introduction of novel pathogens. 1f the sndangered host has had
no previcus contact with these parasites, they may sither fail to

establish, if the host is sufficiently novel, or thay may
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establish and potantially produce significant levels of
mortality. Under thesa conditions, incressss in the density of
the immigrant hosts will lead to increases in the rates of
parasite transmisston and constraints may have to ba placad on
interactions betwasn the endangered species and the newly

immigrating species.

Whers sndangered spacies are tolerant to increases in
temperature and humidity, they are still likely to face increased
a.lault_by parasites whose transmission qtticioncy improves dus
to increases in temperaturs and humidity (e.g. tropical diseases
such as hockworm may bacome more important in tesperate zones).
Furthermore, those host species that respond tc increasasd
te-peraturcl.by increases in population -1:0,'arc likely to

suffer an increase in parasite prevalence and diversity.

If tha population sizes of host spacies decline dus to
climatic changss, their rarer spacies of parasites and mutualists
may go sxtinct. These species have their own intrineic valus,;
thay often parform a valuable fuanction, such as ths commansal
chastogasters living in the snail mantles discussed abova. It
should also be bourne in mind that the sbsence of a parasite may
be as important as its pressnca. Some species of hosts may grow
to bacome pasts in tha absence of pathogens which may at preasant

regulate their nuabars.
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Parasites and disease will do well out of ¢global warming.

They are, by dafinition, organisas that are d.aidn.d to colonize
and exploit, Those spscies of parasite that are already common
will be able to spread and perhaps colonize new suaceptible hosts
that may have no prior genetic resistance to them, parasite
spacies that ara rare and have more apscialized requiresents msay
be driven to extinction. In general, thess effecotsa are likely to
be worse in the temparate zone, whare parasites from the tropicas
can c¢olonize new hosts, than in the the tropics, where parasites
will have to adapt or svolve. However, rare parasites that are
adapted to extreme temperaturs may bacoms common; changes in the
rangas and sizes of some host populationa may allow some hitherto

unisportant pathogens to bacome mors widely spread.
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H. Tables

Table 1. Expression for the basic reproductive rate, Ro. and the

threshold for establishment, H , for differant parasite life

cycles.
1 H
cycle 1 Ro t H,
t H
........................;..... X
] T, 1 5N,
Honoxenic : ' —————
: M,°M, 1 A= )
H :
""""”""""""";ﬂ" :
Heteroxenic : ons 1 t
free-living stage, ] T Ty % M, M4,
transmission to t 1
definitive hoat ] M MiH t al'(T,- ¥ M, )
via a predator- t )
prey relationship. ' '
3 t
........................;... :
ateroxenic : two H H
frae-living stages, T 7T, H & M M, N,
transmiesion to 3 %
dafinitive host H M, "My M M, ¢ 9B(T ;- M, M ,M,;)
via a cercaria or ] t :
free-living larvas. ! 1
t H]

Heres T , are the transmission rates between definitive and
intermediate hosts, while tha M, are the total mortality rates
for aach stage in the life cycle. In parasites with heteroxenic
life cyclea T is the rate at which definitive hoats prey on
intermediate hosts, « is tha incresased lulcoptibility'B!
pradation of infected intermediats hosts, while 1 is the rate of
asexual raproduction of parasites that reproduce in their
intermediate host. For a full definition of these expressiona
see Dobaon (1988a).
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Figure legenda.

Figure 1. The relationship between wmean parasite burden and

definitive host population size for a direct life cycle

aacroparasite (after Dobaon 1989).

Figure 2. (a) The effect of water temperature on the survival

rats of the cercaria of Echinostoma liei {(after Evana 1985).
(b) The influancse of water temperaturasa on tha infectivity of
E. liel cercarias. (c) The net affect of tamperature on the
transmisaion efficiency of E. liei carcariaas (Evans 1985).
{d} The results of similar interactions between survival and
infectivity on the net transmission efficiency of tha
miracidia of Schigtosoma msansonl at a ranga of teapsratures
and at thtee differsnt host densities (after Anderson et al,

1982).

Figure 3. The duration of the prepatent periocd (the time betwesn

infection and production of infective cercariae) for two
apacies of Schistosoms (5. mansoni and S.haematobilum) in
their snalil hosts (Planorbis pfeifferi and Physopsis globosa
respactively) at three different temperatures (after Gordon,

Davey & Psaston, 1934).

Figure 4. The mean psrasite burdens of (a) Ornithodiplostomum

ptychocheilus and (b) Diplostoaum scheuringi in Gambusia

as
arfinis from a thersally warsed and a ‘control’ streas

(After Camp, Aho & Esch (1982) and Aho, Camp & Esch (1982)).

Figure S. (a) Survival of the larvaa of Trichostrongylus

retortaeforais, a parasite of rabbita, at a range of
teupsratures. {b) Dsvelopment time of T.
retortasforais at these temperatures (after Levine

1963).

Figure 6. Bioclimatograph for Haemonchus contortus in thrae

differsnt regions of Australia (9!:.: Gordon 1948). The
isoclines at 51 ®* F. and 210 pts. rainfall delineate the
metesorologioal conditions at which H. contortus can just
sstablish, the isoclines at 57 ° F. and 260 pts. rainfall
outline the conditions under which espidemic cutbreaks ocour.
"Hasmcchosis season® in Armidale lasts from S‘ptolbor
through till April. In contraat, although H. contortus is
racorded froa Albury (NG6W) and Deloraine (Taswania), the

climate conditions for an spidemic are rarsly attainad.

Figure 7. The development of the cocytes and oviposition-time in

Aedes asgypti (a vector of malaria) (a) at 29" C and (b) at
27*C. In (a) ovarian develcpsent takes leas than 48 houra
and aggs may be laid during the second circadian activity
pesriod following a blood meal. In contrast, at 27 * C ovarian

development takes a little more than 48 hours but egygs are
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nhot laid until the third circadian sctivity-period, =. 70 Canadian lake (after Sankurathri and Holmes 1976 a,b). The
hours atter the blood meal. This leads to a step-wise top figurs ahows the surface watar taemperatures in thas
function relating temparaturse to frequency of blocd msals control and heated areas of the lake. The middle diagram
(aftar Gillett 1973). compares the population density of the snail Physa gyrina in

the control and heated areas. The lowar disgram shows
Figure 8. The predicted bioclimatic limits and annual masans of changes in the prevalence of metacercarial infectiocns of
monthly meteorological conditions for (a) thirty three G. snails from the control and heated araas.

sorsitans sareas and (b) fifty-aight non-tsetse areas

throughout tropical Africa (after Rogers 1979). 94X of Figure 12. Tha percentage of snsils infected with cercarias and
tsetsa areas fall within the predicted bilocliimatic limitas, metacercariae in the control and heated araas of Lake
whilst 50X of non-tsetse arsas fall outside tham. Wabamum (after Sankurathi & Holmes 1976b). The

abbraviations usaed are: E.r. - Echinoparyphius recurvatus,

Figure 9. (a) The distribution of ths weather atations listed by N.u. - Notocotylus urbanensis, C.d. - Cercaria douglasi,
Rogara (1979) with stations whera tsetses aras present O.p.- 0. ptychocheilus, A.g. -~ Apatemon gracilis, T.c. -
marked with a “+’ and stations where taetse’s are . Trichobilharzia cameroni and T.p. - T. physellae.

absent marked with a ‘<>’. (b} The potential change 1n

the distribution of stationa with and without tsetse Figure 13. The thresholds for astablishment and expesctad
flias following a mean twc degres increase in composition of a parasite community at a rangs of host
temperature. ' . densities in a simple model of a two host, five parasite

species community model (after Dobascn, 1989).
Figure 10. The relative abundance of different parasite apacies
at a range of host densities in a simple one hoat, five

parasite spacies community (after Dobson 1989).

Figure 11. The effect of thermal cooling on the density of a

mollusc population and its community of parasitea in a
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