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TGRATING BIRDS CARRY A VARIETY of external and inte

parasites and can transmit pathogens, such as West Nile virus, betwe

host populations in the Tropics and temperate regions. The rapid EPTE
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INTRODUCTION

sach vear billions of Pirds leave their wintering areas Hlrop-

seat and subtropical regions of the Farth and migrate pole:
Cwared to sumaner breeding gr(‘mnds. Hach migrant carries a
gariety ol symbiotic orpanisms, many of them potentiatly
Cpathogenic 1o individuals of other species. These clobal
© ovements should catse concern about the potential of mi

Cprants 10 spread novel diseases worldwide (McClure 1974

L Eepvice 19910 Daniels 1995 Lundstrom 1999), even reaching
isolated regions where native species may have reduced im
munological defenses against pathogens (Van Riper €t al.
1ug6e; Massey et al 16y naddition to host movement, phys:
ieat conditions in the external environment and the avail-
ability of svitable vectors and alrernative Rosts should also
i fluence the distribution of parasitic arganisms (¢.g. Super
and Van Riper 1995 Randoiph and Rogess 2000).

“The biogeography of parasites especially microparasites,
cuch as viruses, bacteria, and protogoa, is not well under-
atood. Parasite populations typically are spasely sampled
compared with their tosts, and the tasonomy and systermatic

cetntionships of many groups of parasiies are pootly knawn,
with the advent of PCR anck DNA sequencing, HOWEVET, We

can now characterize parasite Hncages and describe theiy dis-

ributions unambiguonsly with gespect 0 geography and
hests, From the distribution of patuvally OCCUrTing parasites,
we can begin Lo understand parasite dispersat and host
switching as istorical ocourrences, andd we can perhaps gain
uselul insights concerning diseases i host populations.

O laboratories have vecently begunto characterize avian
mgharia  parasites N €astern North  America and  the
Caribbean Basin using sequences of the mitochondrial
cylochrome b gene (Benseh ot al. 2000; Perking and Schall
s002: Ricklefs and vadlon 2002 Fallon et al. 2003) Although

our cdata are preliminary at this point, out pesults provide o

ghmpse of the complex patterns of peographic and host dis-
rbuzions of parasite lineages. Drawing on our own work
angd on the liteesiure, we address the following questions: (1)
what is the impact of disessc rganisms on host pop vilations?
OF particolar interest is the effect of disease on the pertorm
ance and suevival of bieds during migration. (23 What 15 the

srsntin the movement of parasite arganisms?
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iduats,

THE IMPACT OF DISEASES
ON HOST POPULATIONS
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to vary with time following a population’s first exposure.
Plost and parasite populations tend to coevalve roward @
point at which disease Organiyms mamntain themselves at
low levels controlled by reduced parasite virnlence and
ald 1o04; FUIT 20013 Al-
though endemic parasites can have profound consequences

e resistance (Bw

increased par

for host populations, as shown, for example, in the case al
Trichostrongylus fenis infecting fed Grouse (Lagopus lage-
pus) i Seotland (Dobson and ludson 1995; Hudson and
Dohbson 1997 Fludson et al. 1998), newly inrroduced, or
“emerging,” discases often have even more dramatic eflects
upon indital expusure.

“The impact of the malaria parasite Plasmodium relictum
on the Hawailan avifauna hag been documented by Van
Riper et al. (19861 and in ore recent {f'x.pffrim(:mni siudies

by Atkinson and his colleasues (e.g., Atkinson el al. 1903,

aun, 2001a, 2001bh Plasmodivm relictum was most Hlely
introduced to Mawali in the carly 1900502 competent vec

tor, the maosquito Culex quinguefasciatis, has been present
in Hawaii since 1826, Although may introduced birds in
Fawali acquire Plasmodion infections (Shehata et al. 2004,

the disease rarely develops Lo the clinical levels observed in

many spectes of the native Flawaiian avifauna {surnmarized

by Jarvi et al. 20010 Fven native birds vary in their resistance

o mataria, Hawaiian thrushes (the Omao {Myadestes abscu

rus ) survive experimental fection whereas varions species
s¢hibit 50-100%

moriality “The Hawaid Amakihl (Hem fgimth-us wirensy shows

af Hawailan honeyereepers (1 yepanididae)

vance. Individuals from

evidence of recently evolved res
low elevation, where mosquito vectors spread the disease,
now resist infection better than individuals from high ele
vations that Tack the mosquito and the disease (Van Riper
et ab, 1986 Atkinson et al. 2000; Although isolated island
fagmas might be particularly yulnerable o new discase or-

canisms, emerging diseases 2lse have spread rapidly through

contnental witdlife popukations, as n the case of rinderpest
i Afr
morth American bivds (Murfin and € ubler 20010,

an uneadates (Powright 1982) ancd West Nile virus in
tal “ End

Because migration imposes a rremendous stress, birds
may be especially vulnerable 1o the disease effects of para
sites during this peiod of the annual cycle. Apapane (Hi
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tential valnerability of young bivds 1o discase prior 1o their
Rese tomg-distance migration,

A partdeularly dramatic effect of parasitic organisms on
survival of rnigration can be inferred from the failure of in.
dividual Palm Warbiers
Kaemidokopies mites on ¢l

Jendroica palmariom) infected witl,
I wintering grounds in Hispan-
ola Lo retiarn the lollowing winter (1 aga 20033 In this stad

¥,
individuals wirh mige infe

ations, which cause abnormg]
hypertrophy of seales on the |

!H‘( e

egs, lost weight as the winrer
ssed, although comparisons with iminfested indjvic.
uals revealed no effect on sire fidelity within the

winterimg
area. In subseqguen vears of the study, however, none of
the mite-infested individuals returned o cheir wingering
grounds, compared with rerurn rates of 40705, among
noninfested birds, Although the direct cause angd tming of
mortality are unknown, the physiological costs of mire
mlestation probably resaired in morralicy d

arlng migration.
A path analvsis, which

evaluates hypotheges concerning
causal relasionships, showed thar mortality was directly re
lated to mite infestation ragher than to the secondary effecy
of parasitism on condition, (Iir,‘;'n‘?y. Further information on
the stress of migration s a selecrive agent on disease resivg

ance is needed (see Sheldon and Verhulst oo Riberg eral,
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EMERGING DISEASES AND
THE SPREAD OF INFECTIONS

Recently, we have wilnessed in Norch America the

rapied
spread of two novel diseases over targe areas of the cont

nent This most likely resulied frons mevernents by infecred
Bosts and shows the power of dispersal and, by cxtension,
migration in the spread of infectioys agents. Mycoplasmal
COBFUNCHVILS, Or Mouse Finch eve disease, firs appeared in
populations of House Finches (Carpodacus m
vichiey af Wy

extcanns) in the
vngion, [0, infanuary 1994,
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»f grear concern, particularly for isolated areas

=

endentic pathegens to maintain strong mmune
1) p(‘au.‘m:m'l hosts.

ARIA IN NORTH AMERICAN
 THE CARIBBEAN BASIN

caused i birds by apicomple

xan parasites be-
imarity to the genera Plasmodiun, Haemoproteus,

an (Atkinson and Van Riper 1991). Plasmod-
anttted by various species of Culex mosquitoes,

Jaemoproteus 1s transmitted by biting midges (Cer-

thinson and

“touse [lies (Mlippoboscida

19910 The related Lewcecytozoon infects Jenco
1 erythrocytes in the peripheral blood and is trans-
by blackilies of the genus Shnubinm and by Culicoides
Fallis et al. 19740,
infections in birds tradiclonally have been identd
1in blood smears (Godivey et al. 1987 Fodynich
Typically ca. 10,000 red blood cells are scanned
ions are reported as the prevalence of a parasite in
on, that is, the proportion of individuals infected
e exarvined: The intensity of inlection in a single in-
by paragitemia--ig typically reported as the num-
infeered red blood cells per 10,000, or other base
L exarmines.
ral compilations of hematozoan prevalence are
warized in fg 17,0 fors (1) both migrant and residen
rapled in Morth America, (2] Neotropical migrants
nics, and {37 endemic Neotropical species, Becatse
o uncormmon in opical regions, Lewcocytozoon
t oedy at Jow levels, both among endemic or rest
pocies and amnong Neotropical migeants, The prova

Levcocytozoon is much higher in North America,
Ty a1 moere northern latitudes within this region

vt al 19755 Haemoproteus 15 also an abundant par
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asite in North America, but the prevalence among North
American migrants on their wintering grounds is fow and
comparable to that of wopical residents. Plasmodium is less
frequent than Haemoproteus and its overall prevalence does
not vary between reglons.

Vartation in prevalence can be caused by variation in the
rate of nfection or in the control of nfection by host indt
viduals. Analysis of blood smears results in false negatives
(parasites present but not detected; when the intensity of in-

ction drops below the detecrion fimit due to sampling of
about 10" cells. Recently, a number of PCR-based tests have
heen developed to detect infeciions (Feldiman et al, 19955 Li
eral. 1993; Bensch et al 2006 Jarvi et al. 2002; Ricklets and

Fatlon 20025, but amy one of these is not fully reliable across

host species (Richard er el 20020 We now sareen blood

samples with several PCR primers based on protein-coding
., which can de-
i
species (Fallon er all 20031, We

ancd mitochondrial RNA-coding sequenc

rect infections having parasiternias as low as 1077 infe

iC

cells across a wide variety ot

compared infection rates based on blood smears (ca. 10,000
cellsy and several primer pairs in a winter sample of 100 in-
divichuals fron the Guanica Fovest in Pucrto Rico, including
both migrants and residents. Blood smears indicated an

overall malaria prevalence of 28%, whereas the correspon

ding value based on POR sereening was 42%. Thus, parasite

prevalence may typically be higher than reported from

lichard et al, 20020, However, i the disease s not

sTrear
present in the perdpheral cireulation, or 35 prosent st very
tow levels, PCR sereening may also fail to detect its presence
{Jarvi etal 20027 1 many infections are maintined at low
levels, this also implies that a component of the variation in
presvalence amaong samples might retlect immune coneeol of
infections rather than presence or absence of infection (Ap
plegate 1970 Richie 1988y, Thus, migrants might carey po
tentially pathogenic parasites cryplically,

Malaria parasites are distinguished and named according

te morphoelogical characters visible on blood smears, in

B Eesidents and migrants in the Nearctic

aEEER Wintering Naotropical m
Maotropical residents

HAE  PLA

TRY RO
Type of parasie
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cluding the size, shape, and number of pigment granules in
miature gametocyte (infective) forms of the parasites in red
blood cells (Bennerr et al. 1993, Lot Peirce and Bennett
996]). Because malaria parasites are believed to be special-

zed [Atkinson and Van Riper 1991), host tasonomic group
s also used as w diagnostic character. Analyses of phylo-
genetic veladonships based on the mitochondrial cyto-
chrome b gene are beginning o reveal substantial diversity
of parasite Hneages and suggest that current LAXONOMY
does not adequately refiecr either the diversity of, or rela
tionships among, malaria paresites (Fscalante ¢t al. 1998
Bensch et al 2000; Perking 2000: Ricldefs and Fallon 2002,

Waldenstrim et al. 20021 Phylogenetic analyses show that

avian and manumatian malaria parasites are distinet clades

and avian Haemoproteus is o distiner clade nested

within paraphyletic ineages of avian Plasmodium (Bensch
et al 200¢; Peckins and Schall 2002; Ricklefs and Fallon
20023,

The most straightiorward evidence for host switching in
avian malavia is the presence of a single lineage in more than
one host. In the aralysis of Ricklefs and Fallon (2002), which
was based on haphazard sampling of hosts, there were ten
surh cases. Two of these involved hosts in the same genus
edialia and Prranga), seven meore involved more distantly re
Gted hosts in the same Femily, and the tenth invalved hosts
i the same superfamidy (o the sease of Sibley and Ahlquist
Laodn, Analysis of host distributions o n:fm:c.'.ly refated pari-
site lneages. inciuding a wee-based analysis of cospeciation

and host switching (Page 1995; Ronaguist 19973, weinforced

flaveola ] Lesser Amtillean Bullfineh | Loxipilla nects

the general impression that although host switching is con-
servative taxonomically, mataria parasites occasionally cross
fairly large taxonomic distances to infect unrelated hoses
{see also Bensch et al, 2000; Waldenstrom et al. 2002 Rick
lefs er all 20047 With the limited information currently
available, these instances appear to be infrequent and un
predicrable. However, like the broad host distribution of
one aratimited number of strains of Plasmedinm relictum in
the Hawaiian avifauna, they emphasize the possibility of
parasites switching hosts and potentially causing disense
epidemics.

MIGRANTS AS BRIDGES
BETWEEN NORTH AMERICA
AND THE CARIBBEAN

The most stralghtforward evidence that migrants have
transmitted parasites between birds in tropical and temper
ate regions would be the presence of a genetically identifi
able tincage of parasite in both resident and migrant popu-
ftions (Ricklefs and Fallon 2002; Waldenstrém et al. 2002).
We are sequencing parasite cytochrome b from large num
bers of tndividuals sampled in North America and the West

[ndies and have found several coeses of shared parasite line

ages (tables 17,4, 17,23 Tuble 17,1 inchides nine malaria par

asite lineages from Puerto Rico and the Lesser Aptilles iden
tifted iy three species of fringitlid (Bananaguit | Coereha

Black-

Table 171 The distribution of five lineages of Haemoproteus and four lineages of Plasmodium commonly
found in four species of Lesser Antillean birds, among Neotropical migrants and Nearctic residents in

Missouri, Alabama, and Michigan

Neotrapical rongrans North Teapera idenes

Prarasii PNANA LALLE BECH By
Fiuemupratews i B ] s

I3 |

{ i H

i ) . )

iarthern Farila

Nethers Carding
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Taile 17.2  Additional examples ot closely related parasite lineages present in smail numbers
of West Indian residents and also in either Nearctic residents or Neotropical migrants sampled in

North America

Trapical residents

Neotropical migrants Temperate vesicenes

Haemoproteis ¥ Scaly-breasted Thrasher
yed Thrashe ntsereal
€ Barwraguit {
H fucero Rican Bu
Plagirodinm 5 Brosve: Trembler (O cloupes

Bapuraguit {Jamaicas:

Giray Catbird (Missor,

Prairie Warbler (3
Searie
Surarne
Kentucky Warble

s

HLAET

Vanager

Red-aved Vireo (Missour

Worir-eatig Warbles Tufied Tleemonse

Marnobin Wirhler

Yelow-throated Wanlyler

; {[)’Jut‘(.'[ Woarbles
tack and \’\( hite

faced Grassquit {Tiars bicol for]: andd the Black-whiskered
Viveo | ‘vn‘r'u altiloguus ). Severn of the nine Hneages have also
been found in Nc'(:t‘r(:pivu? migrants and two have been re
covered from resident songhirds in southern Missouri and
elsewhere v eastern North Amcrica. Alrhoy gh Lesser An-
tillean parasite lineages are present in n tgrant birds in Mis
sourd, they are relatively uacemmon. This may be due ro
nonoverlap of the partcular migrant and trexpical vesident
populations examined, as relatively few Neotropical i
grants reach the Lesser Antlles, and migrants breeding
i Missourt tend to winter in the Greater Antilles an
Mesoamerica. {tshould also be noted that we have sampled

relatively few North 1 f'!'!l{Ki‘I‘k.ll!:‘? restdents and so the sparse

appearance of Lesser Antillean parasite lineages in these
species is not inf%_w_t‘l‘rmtivct. some sharing of parasite Hneages
berween winier migrant and resident hose speoies has simi-

site transmis

farty been observed in Nigeria, indicating o
R o Ty

sion between migrants and residents on the WLETHY

grounds (Waldenstroem et al, 20020 Table 17,2 shows addi
tional examples of parasite connections fom smaller suarn-
ples arnong a variery of ather hosts,

Clearly, migrants can fem an effective bridge toe para

s between tropleal and

ternperate vesident birds, These

connections end 1o involve | s from the same geneval

LAXONOMIC groups SAringdliss o mimidsy, however two

of the temperate res having parasite lines

i Ween [Thryethorus budevivianns | and Tutted Tiimouse

FHaeolophus related o the migrant or

number {;f SHITH 31: 5 fronn An mericn o determing

ges orcureing thers have

extent 1o which parasite linea

been recovered .f"r‘r:*u resicle

northern winter.

N these ':ﬁ‘,éié'i{‘f? are t‘()Tl'i}?ii’Et‘Lé W

rining the ¢ CUreE 1o whu horhe para

being ch

racteristic of the regions in which they spend the
winter or summer months.

As previously mentioned, the ability of a parasite o
switch to a new host depends on the presence of infective
host individuals, suitable vectors, and susceptible new hosts.
Whether a potential host is susceptible 1o a new lincage of
parasite depends on antigenimmune function interactions
berween the parasite and the host. Paragites such as West
Nife virus (Rappole et al. 2000, Matfin and Gubler 2001
and some strains of malaria parasites (this stady) can infect

a broad range of host hPtZL"S(“S‘ Cthers appear to be more

specialized {rable 17 1) The outcome of the parasite-hose

mteraction may depend on genetic factors that change rap

illy in host and parasite populations, perhaps much faster
than the appearance of new genetic vasation in many of

the gene sequences used in phvlogenetic analysis (Fallon o

2y, This fabile evolutionary interaction berween par

asite and host populations is indicated by host species

times-island interactions in the prevalence of malaria para

sltes in t..hc [.,E"?i?it-rl‘ !\.z&l"ééu:-:s :’f'igg,, t7.2) The proportion of

cies varied independently
ch istand population of

to the 1y lines

Eallon er

As can be seen i the case of the Le willean Bull

finch, Increasing ntensity of infections parallels the DI

porticn of m:lz\hiuw with mimli(:m c.?r;tu-'z'ta'd i bipod

sriears, Thu lence determined

reiony of indivie

ne ability of the tmven:

fechions, Regardle

SR RO COntey

indirative of ¢

5. prpvals

andd host resistance. The host

;3('?1",\"(.‘{*51 {Jiii‘;-é.‘i'iit" *y"éi'i!;‘.f.ﬁ‘.!}&‘('

speciestmes-land nteracrion |
rure of the parasite-host interac

penenc factors in ©

suscepiibibiny of

- of parasite.
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Black- Black- | esser Distribution of parasitemias
whiskered Banana- faced Antillean in Lesser Antillean Bullfinches
Vireo quit Grassguit Bultfinch
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action s highly s asile Eractions |
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berwes raslternis arad prevalence

This s shown quite clearly in table 170 i the herero- gragraphical connections between summering and winter
geneous disteibution of malaria parasite lincages amoeng the ing migrants have proved elusive. Attempts 1o localize pop
tour host species in the Lesser Antilles. We cannot predic ulations of migrants by genetic markers have been success
whether a pacticnlar parg Hneage will infect 2 particular fubin some species (Haig et al. 1997 Wennerberg 200173, bit
SPECIES also vaclear whether the single cases of Haemo maostly have been poointing because of the general ho

proseus North
Mita wtoal. 2000 Web.

appiications of echnoiog

oo of Hoome mgendzation of host genorypes throughout thei

YR

W

Aoriba et al 1t

protews ) inoa Bananacudl represent |33 vlations of 1t Arnerican ranges |
! i £

lineages esmablished i these hosts, spitlover infoe

1 2002), Recenthy, »

tions originating in the common host, or the rare manifes-

isutope chemistry, have ;1;5(}»;&»”1 KOITIE

Lions. iscrimi

tation of generally well controlled infe of the areas of origin of
d &

"("h‘-l'n"E)i“'i'l;im et al, 1997 Marra et al, 1998 Chamberlain

al. 2008 Flobson et al, 2001,
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evidence as well, the authors concluded thar birds carr

ying

the different parasites became infected in different areas and
fikely originated in different breeding poptlations (sec also
Phul eral. 1980 and Pung et al. 1997)

Parasites may be useful for distinguishing distinet popu-
tations occupying ditferent types Uf habitats, but several
factors argue against their general application (or localizing
individuals in broadly distributed populations. Such papu-
fations tend o fack genetic spatial siructure, and the move
ment of individuals that prevents such structure from de-
veloping might be sufficient to homogenize p-n‘as[u'
lineages, as supgested by surveys of Sehgal er al. (20017 on
trypanosomes i central African birds, Rapid s‘prf‘;u Pol dis
eases such as Mouse Finch conjunctivitis and West Nile
virus, at rares of hondreds

of kilomerers per year, pr(widc.\

livtle hope for {ocal differentiation and endemy

s of para-

site lineages, We have found only limited evidence for |
calization of parasite lineages on klands in the Lesser An-
tlles, where movement of individuals berween slands is
certainly less than across similar distances in North Amer
ica (Ballon et all 2003, unpubl). Malaria parasite lneages
tend to be localized to continents L‘Rl{*kl(‘!‘ﬁ and Fallon 2002),
but this scale is not wseful for localizing the origing of mi
gratory individuals within popuolations,

The genete markers used in most pliylogeneric studies of

parasites cvolve siowly compared with the rare of dispersal

wagiies through the host geographic range. Rapidly
evolving p(‘ petic markers, which produce new mutations

faster than they

can disperse through the popularion, migh

provide worthwhile information on gengraphic origin,
Such markers might possess transient value as spatially sen
sitive markers. Forexample, Anderson etal. (20017 surveyed
a portion of the genome of West Nile virus that encodes
envelope and membrave proteins and appears 1o be liable
ter vapid accumuktion of nucleotide substirurions. They
identified one muatation localized within 50 muiles of Stam
ford, Comnecticut. Surface proteing of malaria parasites,
which mutate s';ap‘uEI to avoid suppression by the host iny
muane systern, vy be good candidates for geographically

explicie markers,

DISCUSSION

Birels do not lewve thelr parasites behind when they i

trarn their wintering 1o their breeding erounds and

li
capable n f:)tlg L.[i.‘a’ié-tl‘l!,'(‘

sl ALl ‘ria itk ;f:nd Arkinson <’UU’5 1

s some evidence that many infected e

hysiologl

individuals do complete mtgr;&!ﬂ

bvdls are flying sources of potential

than

rwhy they do not cause more dhsease o pldenics
v dntensity of infecton, suitable veciors, and

10 be bmportant in

b S OT IYRE RS Wikl DL

poputations in either the breeding or

WL TOVRILER 71?& AP L
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infect a broad speciewm of hosts, although not all EXPIE
strong symptoms and parasites may he asymptomatic in
many species.

In our study of malaria parasites of birds in the West

Indies and North America, we are finding thar parasites

nmon in resident populations in the Lesser Antitles oc

L

casionally are recovered from migrant and resident popula-

tions in Missourt and elsewhere in eastern North America
Because of theirlow prevalence, itis difficule 1o say whmhu*
these parasites are established in these alternative host pop-
ulations or merely represent spitlover cases from normal
hosts, However, the connections emph'm?c the potential
for migrants 1o carry potentially epldemic disease organ-
isms from one region 1o another Anabyses of parasites in
restdent popudations in the Grearer Antilles and Mesoamer-
iea may be more informative, as there is more overtap of
particutar populations of migrating birds.

Because the vulnerabilicy of a resident population to a
novel parasite must depend on many genetic and other fac
tors, [Lis pointless to try o predice the t"ﬂ'lL‘E'}‘(‘ we of new
diseases. Where knowledge of the capacity of a pathogen
trintect a particular population is aritical, the most reason

able course may be experimental infection in safe laborato.
ries Lo determine valnerability of porential host popula
tions (Atkinsen etal. 206005 10y possible that migrants, such

as the Bobolink (Dolichonyx oryeiveroust will carey West Nile

virus o the Galipagos | slands. Because this eventuality
presents a potential management problem, a logical course
would be to test various species of the enderaic Calap agos
avifauna in continental labaratories to determine their sus
ceptibility, and thus the porential magnirude of the threat,
before disaster striles.

Phylogenetic analyses of parasite and host popalations
can provide estmates of the prevalence of host switching
aver the history of a parasite clade {Page and Hather 1998
Atkinson el 20000
tion berween maaria parasices and their avian hosts s

Ronquist 199 Analyses of cospecia

ppest
that parasites switch between unrelated hosts frequently
enough (o obscure deep historical rr’i;‘tti{:m{'ﬁps between
lineages of hosts and thelr parasites (Ricklels and Fallon

20020 Waldenstrm et al. 20023 'E'.m appears to be particu

1y true of Plasmedivm compared with Haemoproteus {(see

I sl - have nonetheless found wevers! lin

idenis, Neote pic

enges of Plasmodiim iy West Indian

migrants, and temperate resi

might play animeoriant role {

berween distant populations, or even in rantaining dis

cases in resident lt_umu%;vf.ir:n.ﬁ. i MNorth America,

The region of oy of parasice popularions shared

restdents and migrants can be determined in prirgiple when

ients ave infected, Several of

erperale

sidentified in our work appear primarily in West

stropical

g0 oliw

L3, ) bYW
|

wsare primarily enderic tothe “v\-"m:
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[ndies, and that they are 1‘3('(';1s'im'm?1\-’ picked up by Neoteop-

ical migrants but uently ransmitted to other mi

grants or residents in n('n'thc*;“z-m breeding areas. In contrast,
several lineages Plasmodium B oand B3 occur it clades i
which muose closely related parasites were recovered from
temperate regions, in both residenss and migranes. Thas, it
is fikely that these parasite lineages are temperate in origin
and bave been carried o the West Indies by migrans and

rransmireed o loe sident popualations,

Although prodicring emerging disease is unbikely 1o be-
come a precise science, several types of studies would help
ws b0 understand the process of host switching generally
and may provide insights inwo eflective management prac

W intenge

infeceions are required for the transmission

fects of environ

af some parasites, then studies of the of

mental contaminants on immuane systern function aught

whentity potential hazards, Several stuclios have hichlivhted
i Ee el

the fraportance of dense populations of vectors i the teans
mission of vector-borne diseases. such as West Mile fever or

malaria (Hanna et ol 1996; Flubalel 20001, Studies of vee.

o transrousmon of disease have provided valuable infor
mation for the control of mataria in human poplations

fow Sflz'i.’j;’f‘i' Posa CGurtlereral 1997 Lundstron 1999 and

presumably '\?\-‘(')Ll]i"] deldl insighes for the control of particu

lag diseases of wildlife population

Finally, the potenial of genetic markers of parasites to lo

calize host populadions of long-distance migrants should be

explored further Suitable parasite markers shoudd uneergo
nuclentide substitution rapidly, compared with their spread
geographicaily through a host populution. Although we
would notexpect the spatial distribution of such markers 1o
vemnain unchangad for long periods, they might provide
ravsient indicators of the origing of migran populations.

Studies on the special refationship of parasites o mi.

grants are just beginning. Although monitoring of erne Ly

ing disewses 15 an importent component of the migrant re

roh progeam, it s also mportant bo undertake basic

s ol disease

wl sus

PRSI SS O

oy popubations, ¢

ty of populaiions wo understand the general conds

tions I?m[ ant the emergence of

novel patt
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