" Ao 1 LINUY Mo 1 NI A L 1 Wi b O AN L] EELIE S R R )

{ @ ; UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZ ATION
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

L.CT.P., P.O. BOX 586, 34100 TRIESTE, ITALY, CasLE: CENTRATOM TRIESTE

jﬂ!‘-]

INTERNATIONAL CENTRE FOR SCIENCE AND HIGH TECHNOLOGY

o/ INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS W100 TRIESTE {ITALY) VIA GRIGNANQ, % (ADRIATICO PALACE) P.0. BOX 586 TELEPHONE M0-2457 TELEFAX OM-224575 TELEX 460449 APH §

SMR.648 - 48

SECOND AUTUMN WORKSHOP ON MATHEMATICAL ECOLOGY

(2 - 20 November 1992)

N St R M T - ] T -] -

“Global Warming and Potential Changes in
Host-Parasite and Disease-Vector Relationships*

A.P. Dobson

Dept. of Ecology & Evolutionary Biology
Princeton University
Princeton, NJ 08544-1003
U.S.A.

-------------------------------------------------------------------------------------------

These are preliminary lecture notes, intended only for distribution to
participants.

MAIN BUILDING Strada Costicra, 11 Tel. 22401 Telefax 224163 / 224559 Telex 460392  ADRIATICO GUEST HOUSE  Via Grignano, 9 Tel. 224241
MICROPROCESSOR LAB.  Via Beirut, 3t Tel. 224471 Telefax 224600

Telefax 224531 Telex 465449
GALILEO GUEST HOUSE Via Beirut, 7 Tel. 22401



T T e

CHAPTER SIXTEEN 1 INTRODUCTION
. Parasitology has always been a discipline in ;
GIO bGl Wmng and which purngy acadezm?’z studies of r.hg evolu- ‘ ;
. . tion of parasites and their life cycles have ?
Poten t](ll Ch(lng €s 1 progressI:d as a necessary complgcelm to the :
. study of the pathology and conrrol of the
Host-Parasite Gnd major wopical diseases of humans and their ;
. livestock. [ndeed, the most striking feature of |
Disease-Vector parasitology is the diversity of parasites in the i
. . - warm tropical regions of the world and the iy
RCIGHOHShIPS frightening levels of debilitation and misery i
they cause. Determining how long-term cli- .
ANDREW DOBSON AND matc changes will affect the dismbutons |
ROBIN CARPER of different parasites and pathogens at first %! '.
seemns a daundng task that almost defies 4
quandficadon. Nevertheless, as parasitolo- i

gists have always been concerned with the
influence of climatological effects on differ-
ent parasite species, it is possible to begin to :
speculate on the ways that global warming : I
might affect the distribudions of some specific B
wopical diseases. Similarly, the study of par-
asite population dynamics has developed
within a solid theoretical ramework (Ander
son and May 1979, May and Anderson 1979). i
This permits the development of quandtative .
speculation in more general studies con- ' :
cerned with how parasite-host interactions
may respond to perturbaton. .

; This chapter addresses both general ques- ' ;

. . tions about the response of parasite-host sys-
tems to long-term climatic changes and the :
specific response of one partcular pathogen, : .

' : Trypancsome, to the changes in climate pre- :

dicted for the next hundred years.

e

o A. Macroparasites
r and Microparasites 1}

Current estimates suggest that parasitism of
one form or another may be the most com-
mon life-history strategy in at least three of
the five major phylogenetc kingdoms (May
1988. Toft 1986). The enormous arra;y of path-

: Copynght © 1992 by Yale University. Al rights reserved.
' ISBN 0-300-05056-9.
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202 DOBSON AND CARPER

ogens that infect humans and other animals
may be convenienty divided on epidemio-
logical grounds into microparasites and mac-
roparasites (Anderson and May 1979, May
and Anderson 1979). The former include the
viruses, bacteria, and fungi and are character-
ized by their ability to reproduce directly
within individual hosts, their smalj size and
relanvely short duration of infection, and the
production of an immune response in in-
fected and recovered individuals, Mathemat-
ical models exarnining the dynamics of mi-
croparasites divide the host population into
susceptible, infected, and recovered classes.
In contrast, the macroparasites (the parasitic
helminths and arthropods) do not muitiply
directly within an infected individual but in-
stead produce infective stages that usually
pass out of the host before wransmission to
another host. Mactoparasites tend to pro-
duce a limited immune response in infected
hosts; they are reladvely long-lived and usy-
ally visible to the naked eye. Mathematca]
models of the population dynamics of mac-
foparasites have to consider the statistical dis-
tribution of parasites within the hos popula-
tHon.

B. Direct and Indirect Life Cycles

A second division of parasite life histories
distinguishes between those spedes with
monoxenic life cycles and those with het-
eroxenic tife cycles. The former produce in-
fective stages that can directly infect another
susceptible definitive host individual. Het-
eroxenic spedies utilize a number of inter-
mediate hosts or vectors in their transmis-
sion berween definitive hosts. The evolution
of complex heteroxenic life cycles permits
parasite spedes to colonize hosts from 3
wide range of ephemeral and permanent en-
vironments, while also permitting them to
exploit host populations at lower population
densities than would be possible with simple
direct ransmission (Anderson 1988, Dobson
1988. Mackiewicz 1988, Shoop 1988). How-
ever, heteroxenic life cycles essendally con-
fine the parasite to areas where the dismibu-
tons of all the hosts in the life cycle overlap,

sites may persist and areas where parasites
may be able to colonize pew hosts.

C. Aquatic and Terrestria) Hosts

Climadc changes are likely to have diffaren;
effects on aquatic and terrestrial environ-
ments (chapter 24). The heteroxenic life oy
cles of some parasite spedes often allow
them to utilize hosts Sequendally from either
type of habitat. It is thus important to deter-
mine the diffarent responses of the rerrestria)
and aquatic stages of 3 parasite’s life cycle 1o
climaric change. Thar, along with an examina-
don of other parasite responses to climatc
change, demands a quandwtive ramework
within which to discuss parasute life-history
Strategies.

IL PARASTTE LIFE-HISTORY STRATEGIES

The complexities of parasite host population
dynamics may be reduced by the derivation
of expressions that describe the most impor-
tant epidemiological features of 5 parasite’s
life cycle (Anderson and May 1979. May and
Anderson 1979, Dobson 1588). Three param-
eters are important in describing the dynam-
ics of a pathogen: the rate it will spread in a
population, the threshold number of hosts
required for the parasite to establish, and the
mean levels of infection for the parasite in the
host populagon.

Basic reproductive rate of a parasite. Ro: The basic
reproductive rate, Ro, of 3 microparasite may
be formally defined as the number of new
infections that a solitary infecred individual is
able to produceina populaton of susceptible
hosts {(Anderson and May 1979). In conrast,
Ro for a macroparasite is defined as the num-
ber of daughters that are established in a host
population following the introduction of a
solitary fertilized femaje worm. In both cases
the resultant expression for Ro usually con-
sists of a term for the rates of parasite trans-
mission divided by an expression for the rate
of mortality of the parasite in each stage in the

———




HOST-PARASITE AND DISEASE-VYECTOR RELATIONSHIPS 203

life cycle (Dobson 1989). Increases in host

pulation size or rates of gansmission tend I
to increase Ro, and increases in parasite vir- g;
ulence or other sources of parasite mortality 3
rend to reduce the spread of the pathogen 2
through the population. 2
Ferent . Threshold for establishment, Hy: The threshold ;—i
rom- for establishment of a parasite, Hy, is the min- g
f ; imum number of hosts required to sustainan 2
° . infection of the pathogen. An ion for
allow ) paciogen expression 1o ”
either T Hr @Y be obtained by reamngplg the gx— T Host popuiation size (H)
detere pression for Ro to find the populadon density
estrial at which Ro equals unity. This may be done  Figure 16.1. The theoredcal relarionship between
cle to j for both micro- and macroparasites with ei-  mean parasite burden and host populadon stze for
g ther simple or complex life cycles. The resul- > direct life-cycle macroparasice. Most epidemio-
I tant expressions suggest that changes in the logical models produce this type of relanonship
umanc between parasite abundance and host densivy. Hy

eters that tend to increase Ro tend to o
swork red H d vi Although indicates the threshold number of hosts. below
istory ﬁ vin:.llcc  and vice versd 033 | MANY - hich the parasite is unable to esublish. Noce the
gnt species require la.rge pop auoms o asymptoric leveling off of parasite burdens in large
sustain themselvles, reductions in the MO hog populadions. After Dobson 1990.
wlity rate of wansmission stages may allow
ES ' parasites to compensate for increased viru-
‘ lence and maintain infecdons in populations

d;zgg previously too small to sustain them. [IL EFFECT OF TEMPERATURE ON

. Mean prevalence and burden at equilibrium: It is PARASITE TRANSMISSION RATES

:as!:toe's also possible to derive expressions for the  The physiology of adult parasites is intimarely
by and 1 evels of prevalence (proportion of thehosts  linked with the physiology of their hosts. Pro-
Jaram- infected) and incidence (mean parasite bur-  viding the hosts can withstand environmen-
ynam- . den) of parasites in the host populations. In  wi changes, it seems unlikely that the within-
Wdina . general, parameters that tend to increase R0 host component of the parasite life cycle will
* hosts , ﬁ ' also tend to give increases in the proportion  be significantly affected. However, any form
ad the of hosts infected by a microparasite and i~ of increased stress on the host may lead to
.in the creases in the mean levels of abundance of  increases in rates of parasite-induced bost
3 . any particular macroparasite (Anderson and  moruality (Esch etal. 1975). In the absence of
. e basic ' May 1979, May and Anderson 1979, Dobson  dam from the specific experimenaal studies
te Tay 1988). Most imporunt increases in the size of  that could throw considerable light on these
f new the host population usually lead to increases reladonships, this study will concentrate on
" dual is in the preva_le_nce and incidence of the para=  the effect of changes in meteorological fac-
‘spuble site population (fig. 16.1). tors on the free-living infective stages of dif-
sk, ! These expressions, which characterize the  ferent groups of parasites.

— most important features of a parasite’s inter-

‘:a host action with its host at the populadon level, A. Parasites with Aquatic

' of 2 : . can be used to ascertain how parasites with Transmission Stages :

Hoases different life cycles wil respond to longterm  Several detailed laboratory srudies have ex-
ly con- climatic changes. This may best be under  amined the effect of tempenature on the
» trans- taken by determining which stages of the lifte  rransmission success of parasites with aquanc
' he rate cycles are most susceptible to climatic varia-  infective stages. The parasitic reratodes are

. 2inthe tion and by quantifying the response ofthose  probably the most important class of par-

" s stages to climatic change. sites to utilize an aquatic stage for at least part
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of their life cycle. The dara presented in figure
16.2 are for an echinostome spedies that is
2 parasite of ducks. Increased temperature
leads to increased mortality of the larval in-
fectve stages of the parasite. It also leads to
Increased infectivity of the Jarva] stage. The
Interaction betweer larva] infectivity and sur-
vival means that net Tansmission efficiency
peaks at some intermediate temnperanure but
rermains relatively efficient gver 1 broad range
of values (16°~36°C for Echinastoma liej cercar
ae; fig. 16.2). These Synergistic interactions
between the different phystological pro-
cesses determining survival and Infectivity al-
low the aquatic parasites to infect hosts at 2
relatively constant rate over the entire spec-
um of water temperatures thar they are
likely 10 expenence in their nawural habiaes
(Evans 1985). ]

B. Poikilothermic Hosts

The effect of {emperature on the develop-
menta rate of parasites in both aquatic and
terrestrial hosts has been examined for sev-
eral of the major barasites of humans in the
TOpics. In conaast to the effect on trans-
mussion efficiency, increases in lemperature
usuaily lead to reduced development times
for parasites that utilize poikilothermic hosts
(fg. 16.3). As with many physiological pro-
cesses, a 10° increase in temperature seems to

lead to a halving of the developmental time. -

This may ailow parasite populations to build
up rapidly following increases in tempera-
ture.

C Parasite Populations in Thermal
Cooling Streams

The expressions for Ro and Hy, derived in the
first part of this chapter, suggest that increases
in ransmission efficiency and reductions in
development time induced by temperarure
changes allow parasites to estzblish in smaller
populadons and grow at more rapid rates,
This is observed 0 some extent in a pair of
long-term studies that compare the parasite
burdens of mosquito fish (Gambusiq affinis)
populatons in artificially heated ang control
sections of the Savannah River in South Caro-

lina. The daa for the remarode Ornithodiplosto-
mum prychocheilus show significant differences
between heated and ambient sites during the
earlier period of the study when temnperature
differences were most Pronounced. Infec-
don by the parasites starts several months
earlier each year in the thermally altered sites
(fig. 16.4). However, infection rates decline in
the summer in the artificiaily heated sites
when populations of hosts decline in re-
Sponse 1o high water temperarures {(Camp et
al 1982). This effect may be compounded by
the movement of the waterfow! that act as
definitive hosts for the parasite. These birds
tend to prefer the warmer water in winter
and cooler water in the summer. Similar but
less clearly defined pauerns are observed in
the daa for Dipiasomum scheuringi from the
same site (Aho er 3] 1982),

These studies illustrate the impormant role

of 2 parasite’s transmission rte to thermal
stress, while also demonstrating the ability of

parasites to capitalize on improved opportu-

nities for transmission and o establish when-
EVEr opportunities arise. Obviously the data
Afe Open to severa] interpreations, byt they
do emphasize the imporance of long-term
eXperiments in determining the possible ef-
fects of global wanning on the distribution of
parasites,

D. Terrestria] Hosts

The survival rates of the infective stages of the
parasites of most terrestrial spedies tend 1o
decrease with increasing temperature (Bg.
16.53). Although little evidence is available to
determine how the infectvity of these larvae
is affected by temperature, rates of larval de-
velopment tend to increase with increasing
temperature (fig. 16.5b). These two processes
Agiin interact Synergistically—as an increase
in temperature depresses survival, develop-

Figure 16.2. (a) The effect of water temperature on
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Figure 16.3. The duration of the prepatent period
(the ame between infection and production of in-
fective cercartae) for two species of schistosome
(Schistosoma mansoni and §, baematobium) in their snail
hosts (Planorbis plafferi and Physopsis globosa, respec-
dvely) at three different temperatures. After Gor-
don et al. 1934,

ment speeds up—allowing the parasite to es-
wblish at a broad range of environmental
temperatures. In contrast to parasites that ut-
lize aquatic hosts, parasites of terrestrial hosts
have wransmission stages that are susceptible
to reduced humidity, and these stages are
highly suscepdble to desiccarion (Wallace
1961). To compensate for reduced opportu-
nittes for transmission during periods of se-
verely adverse climate, parasites of terrestrial
hosts have evolved adaptations such as hypo-
biosis, the ability to remain in a state of ar-
rested development within the relatively
protected environment provided by their
hosts undl such time as transmission through
the external environment proves more ef-
fective. Terrestrial nemarodes, for example,
can arrest their development. This ability is 2
heritable wait and one that seems to adapt
rapudly to different dimatological and man-
agement regimes {Armour and Duncan
1987), :

3. haemaoowum

IV. PREDICTIVE MODELS FOR PARASITES
OF DOMESTIC LIVESTOCK

Because interactions between temperature
and humidity seem to be of major irmpor-
@ance in constraining the geographical range
of many of the pathogens that infect domes-
tic livestock, a considerable body of data ex-
ists concerning the relation between mete-
orological conditions and parasite outbreaks
(Gordon 1948, Kates 1965, Levine 1963, OF
lerenshaw 1974, Wilson et 2l 1982). Indeed
the parasitologists of the 1950s and 1960s
firmly believed that climate determined the
diswribution of 1 parasite species, while
weather influenced the timing of disease out-
breaks. Large-scale research programs were
designed to forecast disease outbreaks in dif:
ferent areas and to recommend the best time
to administer control measures.

A. Bioclimatographs

One way of depicting the interaction be-
tween disease outbreaks and climate was
through bioclimatographs {fig. 16.6). The use
of these diagrams for monitoring parasite
outbreaks was originally suggested by H. M.
Gordon (1948) in a study of the sheep nem-
atode Haemonchus contortus (the barber's pole
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worm). Bioclimatographs are consmructed by
plotting the climatological conditions under
which a parasite is able to exist and under
which outbreaks occur onto a graph of mean

Fipmre 16.4. The mean parasite burdens of (a} Or
nithodiplostomum  ptychochalus and (b) Diplostomum
scheuringi i Gambusia affinis from an ardficially
warmed and a control stream. After Camp et al
1982 and Aho etal. 1982

monthly temperature and rainfall. When that
plot is compared wich the observed mean
weather data for a spedific geographical loca-
tion, it is possible to determine the dme of
year when outbreaks of the parasite are likely.
Although the inital production of 3 diagram
requires a long-term study of the parasite in
any region, once the conditions for establish-
ment and optimal development have been

Mean parasiic burden
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Figure 16.5. (a) Survival of the larvae of Tricho-
swongylus retortaeformis, a parasite of rabbits. at a range
of temperatures. (b} Development time of T. rezor-
tacformis at the same temperatures. After Levine
1963,

described, then extrapolations may be made
to other regions for which only the climate
data are available. Thus Gordon (1948) was
able to use his data for H. contorrus in Armi-

dale, New South Wales, where outbreaks oc-
cur from October to May, to explain why
outbreaks rarely occurred in other regions
such as Albury, NS.W., and Deloraine, Tas-
mania.

N. D. Levine (1963) reviewed and ex-
tended the use of bioclimatographs to define
and explain the distmibution and seasonal in-
cidence of a variety of gastrointestinal para-
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Figure 16.6. Bioclimatograph for Haemonchus contormus
in three regions of Australia: Anmidaie, NS.W. (00),
Albury, NS.W. (+), and Deloraine, Tasmania (¢). B Effect of Temperature on

The isoclines at 51°F and 210 pts rainfall delineate
the meteorological conditions ac which H. contortus
can just establish: the isoclines at 57°F and 260 pts
rinfall cutline the conditions under which epi-
demic outbreaks occur. Haemochosis season in
Armidale lasts from September dll April. In con-
trast, although H. contortus is recorded from Albury
and Deloraine, the climate conditons for an epi-
demic are rarely artained. After Gordon 1948,

sites of sheep and caule. Being based on
mean temperature and rainfall data, biocii-
matographs are usually only partially success-
ful in predicting parasite outbreaks in any
specific year. Similarly, bioclimatographs are
seldom derived from laboratory determina-
tions of a parasite’s development constraints,
because the climate conditions experienced
by the parasite larvae in the soil are often
different from those measured by the local
weather smtion. However, bioclimatographs
remain useful tools for determining whether
a parasite will establish in a region. They may
prove invaluable in determining whether
long-term climatic changes will permit spe-
cific parasites of domestic livestock to estab-
lish in regions where they are not at presenta
probiem.

Transmission Stages of Microparasites

Qur focus so far on parasidc helminths re-
flects the available literature. Data on the ef-
fects of temperature, humidity, and ulravio-
let light on the survival and infectvity of viral
and bacterial ansmission stages have been
hard to locate, possibly because work with
this material is beset with technical difficul-
ties. There are, however, data suggesting that
the development time of microparasite infec-
tions depends on ambient temperature, and
there is evidence that the infectivity of some
vector-transmitted pathogens is determined
by the temperature at which their insect
hosts are raised (Ford 1971:104). Ternpera-
ture may also indirectly affect Tansmission
rates by altering the behavior of insect vec-
tors.

V. EFFECT OF CLIMATE CHANGE ON
THE DISTRIBUTION OF
TRYPANOSOMIASIS IN AFRICA

Trypanosorniasis, or sleeping sickness, is one
of the major diseases of humans and their
domestic anirnals in Africa (Ford 1971). The
disease is of particular importance to conser-
vation in Africa as its presence may exclude
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Figure 16.7. The predicted bioclimatic limirs and
annual means of monthly meteorological condi-
tions for 33 G. morsitans areas (a) and 58 nonwerse
areas (b).

humans and their domestic livestock from
areas where wild animals act as a reservoir of
the disease (Molyneux 1982, Rogers and Ran-
dolph 1988). The pathogen may be classified
is a microparasite; it is ransmitted by an in-
sect vector, the tsetse fly (Glossing spp.; D. J.
Rogers and §. E. Randolph have made an
extensive study of the meteorological condi-
tions that determine the distribution of three
spedies of tsetse flies, Glossing morsitans, G, pal-
palis, and G. tacinoides (Rogers 1979, Rogers
and Randolph 1986). Their study is comple-
mented by two models of the dynamics of
the different Trypanasoma species, one by
Rogers (1988) and one by P M. Milligans and
R D. Baker (1988). The former derives ex-
pressions for Ro and Hy that provide some
useful general insights into the processes that

ire most important in determining the con-
ditions that allow the pathogen to establish;
the latter develops a more specific analytical
model for aypanosomiasis based on deiled
parameter estimates from a study of Trypano-
somda vivex in Tanzania,

Rogers's (1979) analysis of the bioclimaric
tolerances of tsetse flies may be used to de-
termine how predicted parterns of climate
change in tropical Africa might affect the dis-
tribution of setse flies and @ypanosomiasis.
Using data from several long-term studies of
two subspedies of tsetse flies in Nigeria (Glas-
sina morsitans submorsitans) and Zambia (G m.
morsitans), Rogers shows that the mean
monthly density-independent mortality rates
for these flies are most closely related to
mean monthly saturaton deficit (an index
of humidity) and, to a lesser extent, mean
monthly temperature. Those analyses allow
Rogers to identify an environmental opti-

10
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mum for each subspecies of G. morsitans.
When the data for 91 sites throughout tropi-
cal Africa are examined in terms of these cti-
matological conditions, 94% of the sites
within the present known distriburion of G.
morsitans fall within the predicted bioclimatic
limits, while only 50% of nontsetse areas do
so {fig. 16.7). These dau can be used to com-
pare the present distributon of G. morsitans
with the possible distribution given a mean 2°
increase in temperature for sub-Saharan Af

rica (fig. 16.8). Because the bioclimatic dam
correlate better with the presence of G. mor-
sitans than they do with its absence, greater
confidence may be placed in the prediction

Figme 16.8. (2) Weather stations listed by Rogers
(1979): +, G. morsitans present; &, G. morsitans absent.
(b) The potential chinge in the distribution of G,
marsitans following a mean 2* increase in tempera-
ture. Copyright © 1979 by Blackwell Scendfic Pub-
lications.
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for where G. morsitans may decrease in abun-
dance than for regions where it might es-
tablish. Keeping that in mind, the analysis
suggests that G. morsitans may becorne less
common in West Affica and across the main
sub-Saharan zone of central Africa This pat-
tern may be matched by a spread farther
south of the vector and its parasite in East
Africa

Although the approach we have adopted
in this analysis is rather coarse, the data are
available to make more sophisticated and de-
tatled analyses for this and other pathogens.
From a conservation perspective it remaing
important to determine to what extent try-
panosomuasis is at present maintaining areas
as refuges for wild animals by excluding hu-
mans and their livestock (Molyneux 1982,
Rogers and Randolph 1988). If change of
climate reduces tsetse levels, then pressure
for the exploitation of the areas would in-
crease with their subsequent loss as 2 wildlife
refuge,

VL. THE STRUCTURE OF
PARASITE-HOST COMMUNITIES

So far we have concentrated on simple one-
host, one-parasite reladonships, a sensible
approach to systems that are dominated by
one particularly prevalent pathogen. Many
host populations, however, mainain 1 com-
munity of several parasite speces. The diver-
sity of such a community and the abundance
of its constituent parasite spedies are inti-
mately linked not only to che density of the
host population but also to the presence of
other host species that act as reservoirs for
other parasite species.

A. Communities with One Host and
Many Parasite Species

It is possible to extend the basic one-host,
one-parasite models to examine the dynam-
ics of more complex cornmunities (fig. 16.9).
Preliminary anaiysis of models for such com-
munities suggests that parasite species diver-
sty is a direct function of host density and
that the relative abundance of each parasite

Maan parasite burden P

Figure 16.9. The theoretical relan'on.ship between
relative abundance of differeq: parasite species (A,
B. C D. and E) and hest population density i 3
simple one-host, five-parasite community. Each of
the parasite species requires 3 different threshold
number of hosts (Hr}. The number of parasite

des in the community thus depends on the size of
the host population. The relagve abundance of
€ach parasite varies inversely with the relacive mag-
nirude of its threshold for establishment Afier
Dobson 1950,

species is determined more by the parasite’s
life-history attributes thar determine its trans-
mission 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
be crucial in determining the diversity of the
community of parasites supported by the
hosts. Increases in the density of some hosts
will allow them to support a more diverse
parasite fauna, while decreases in the density
of other hosts will reduce the diversity of
their parasite cornmunity,

A study comparing the effects of artificial
heating on the Parasite fauna of an aquatic
snail presents some corroborative evidence
in support of this model. C. §. Sankurathi and
J.C. Holmes (1976a,b) studied a population of
Physa gyrina and its parasites and commensals
in Lake Wabamun in Alberta, Canada. A sec-
ton of (e lake was used for cooling by a
POWer station and consequently was warmer
than the rest of the lake and reladvely free of
ice in winter. The effects on the population of
snails were pronounced when both density
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and populadon sgucture are compared for
heated and control sites, with population
density often several orders of magnitude
higher in the heated areas (fig. 16.10). That,
and the continual presence of the vertebrate
definitive hosts in the parasites’ life cycle, al-
lowed a considerable increase in both the
prevalence and diversity of the parasite com-
munity living in the snail populaton (fig.
16.11). The increased water temperature also
had a deximental effect on the two species
of commensal chaetogasters that live in the
mantle of the snails. Laboratory experiments
showed that these commensals live as preda-
tors, atacking and ingesting the infective
stages of parasites that try to infect their snail
host {Sankurathi and Holmes 1976b). When

Fiqure 16.10. The effect of ardficial heating on the
density of a mollusk population and its community
of parasites in 4 Canadian lake. Top: Surface water
temperztures in the control (A) and heated (B)
areas of the lake. Boom: Population density of the
snail Physa gyrina in the conorol and heated areas.
After Sankurathi and Holmes 1976ab; courtesy of

the temperature rises, the chaetogasters aban-
don the snail and die, leading to further in-
creases in the rates of parasitism of the snail
hosts.

B. Communities with Two Hosts and
Many Parasite Species

A more complex pattern emerges if we con-
sider the community structure of parasites in
two host species that share parasites. When
parasites are able to use more than one spe-
ces as a definitive host, their ability to esab-
lish in any one host species depends on the
density of ail the potendal host species pres-
ent in an area. Because different host species
may have different suscepubilities ¢o the par-
asite and different parasite species may re-
produce at different rates in different host
spedies, the density of different host species
will be crucial to the composition of the para-
site assemblage (Dobson 1989). Variations in
the population density of different host spe-
cies may thus lead to variations in the parasite
burdens of other host species; in some cases
this may allow pathogenic parasites to estab-
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Cearcariae D Metacercariae
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1.0
0.1
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Figure 16.11. The percentage of snails infected with
cercariae and metacercariae in the conerol and
heated areas of Lake Wabamum. Er., Echinopary-
phium recurvarum: N.u., Notocotylus urbanensis; C.d., Cer-
caria douglasi: O.p., Omithodiplostomum prychochetlus;
A.g.. Apatemon groiis; T.c., Trichobilharzia camerani: T.p..
T physellae. After Sankurathi and Holmes 1976b:
courtesy of National Research Council of Canada

lish in populations of hosts that would other-
wise be too small 10 sustain them. Climate
changes could lead to changes in the com-
position of host communities, which will
lead to changes in the structure of the parasite
community that the hosts support and the
possible introduction of parasites not pre-
viously present in the host population.
Where members of the parasite community
are important in mediating compettion be-
tween hosts, this may lead to further changes
in the structure of the host community and
the possible extinction of particularly suscep-
tible hosts.

VIL CONCLUSIONS

The geographical dismbutions of most para-
site spedies are limited by the distributions of
potential host species or by environmenty]
constraints on the parasite’s rates of devel-
opment. Although developmenral rates in
vertebrate hosts may be comparadvely unaf-
fected by changes in environmental tempera-
ture, the available evidence suggests that the
free-living stages of parasites and those that
live in invertebrate poikilothermic hosts are
suscepble to prevailing meteorological con-
ditions. J. D. Gilletr (1974) suggests that many
vector-wansinitted diseases are limited in
their range because the development time of
the parasite exceeds the average life ex-
pectancy of the insect vector. But increases
in environmental temperature are likely to
speed up development for those stages in the
parasite life cycle, so long-term increases in
temnperature are likely to lead to increases in
the ranges of many diseases wansmitted by
insects, such as malaria and filariasis.

Up unal the mid-1970s parasitologists be-
lieved that temperature and moisture were
the dominant meteorological factors deter
mining disease outbreaks. Curicusly, this area
of parasitology has been relatively neglected
for the last ten to fifteen years. In part, that
may be because anthelmintic drugs have
been developed that can be readily admin-
istered to livestock. It may also be because
models for parasites now emphasize the pre-
viously neglected nonlinear components of
parsite dynamics (Anderson and May 1979,
May and Anderson 1979). Finally, it may also
reflect the émergence of molecular immu-
nology and the search for vaccines for para-

sites of domestic livestock. However, para-

sites are now showing serious levels of
resisaance to many anthelmindc drugs (An-
derson and Waller 1985), and the develop-
ment of vaccines is progressing more slowly
than was originally anticipated. If long-term
climatic changes lead to the inroduction of
parasites into new areas at a ime when our
ability to control them is rapidly dimirushing,
many types of domestic livestock will face
major disease problems. In some cases this
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will lead to the abandonment of presert pas-
ture lands, which may then be set aside for
nature reserves. In other regions an increas-
ingly hungry human populaton will exert
pressure to utilize present reserves as grazing
areas. [t seems unlikely that the net result of
this exchange will favor wildlife.

A considerable body of literature is already
available that deals with the climarc re-
sponses of a variety of parasites (Kates 1965,
Levine 1963, Wilson et al. 1982). We now also
have much better models for examining the
dynamics of parasites at all stages of their life
cycles (Anderson and May 1979, 1986; May
and Anderson 1979). Although there are
problems of scale associated with extrapolat-
ing between the physiological processes of
parasites measured under conwolled labora-
tory conditions and the coarser predictions
available for longerterm climate change, it
should be possible to merge these various
sources of information to produce a quant-
tatve synthesis of the way global climate
change may affect the dismibution of many
parasites. It thus seems likely that global
warming will give new prominence to an area
of parasitology that had fallen into relagve
neglect.

The examples given above are mainly from
well-studied species in litle danger of extinc-
tion. Assessment of the potendal effecs of
global warming on the parasites of endan-
gered species can really only be underaken
by extrapolation from these exampies and
the models used to explain the more general
features of parasite-host populadon dy-
namics.

A number of possible scenarios are likely
to arise as host populations respond to long-
term climate changes.

Consider first an endangered spedes
whose population density has declined to
such low levels that it is present only in a
single nature reserve. Under these condi-
tions it seems likely that a further decline in
population size due to global warming will
reduce the effects of the parasites already
present in that populaton. However, the im-
migration of new host species into the arez,

as a response to climate change, may lead to
the inroduction of novel pathogens. If the
endangered host has had no previous contact
with these parasites, they may fail to establish,
if the host is suffidently novel, or they may
esublish and produce significant levels of
morulity. Under these conditions, increases
in the density of the immigrant hosts will lead
to increases in the rates of parasite transmis-
sion, and constraints may have to be placed
on interactions between the endangered spe-
cies and the newly immigrating species.

Where endangered species are tolerant to
increases in temperature and humidity, they
are sdll likely to face increased assault by
parasites whose transmission efficiency im-
proves with increases in temperature and hu-
midity (e.g., tropical diseases such as hook-
worm may become more important in
temperate zones). Furthermore, those host
populations that increase as temperatures
rise are likely to suffer an increase in parasite
prevalence and diversity.

If the population sizes of host species de-
cline because of climatic changes, their rarer
spedies of parasites and mutualists may be-
come extinct. These species have their own
intrinsic value, and they often perform a valu-
able function, such as the commensal chaeto-
gasters living in the snail mandes discussed
above. The absence of a parasite may be as
important as its presence; some spedes of
hosts may grow to become pests in the ab-
sence of pathogens that are now regulating
their numbers.

Parasites and disease will do well on a
warming earth. They are, by definition, or-
ganisms that colonize and exploit. Those spe-
cies of parasite that are aiready common will
be able to spread and perhaps colonize new
susceptible hosts that may have no prior ge-
netic resistance to them. Parasite species that
are rare and have more spedialized require-
ments may be driven to extincdon. In gen-
eral, these effects are likely to be worse in the
temperate zone, where parasites from the
tropics can colonize new hosts, than in the
the wopics, where parasites will have to adapt
or evolve. Rare parasites that are adapted to
extreme temperature, however, may become
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common; changes in the ranges and sizes of
some host populations may allow some hith-

ernc unimportant pathogens to become
more widespread.
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