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ABSTRACT: Saiga antelopeS&diga tatarica) graze extensively on livestock pasture,
potentially enabling transmission of a wide range of pacasgiminths between
saigas and domestic ruminants. A survey of the Russigyuage literature reveals
that 35 of the 38 species of helminth that have beerdfousaigas in Kazakhstan in
the past have also been found in domestic livestock. XAfmieed 133 saigas culled
for meat in autumn 1997, and found 3 species of cestode anani2oaes (9 in the
abomasum), but no trematodes or lungworms. The masidaint species were
Marshallagia marshalli, Marshallagia mongolica andNematodirus gazellae in the
abomasumiNematodirus gazellae in the small intestine, arfgkrjabinema ovis in the
large intestine. There was no clear relationship betvedomasal nematodosis and
body condition. Age-intensity patterns differed betwspeaciesN. gazellae burdens
were highest in saigas around 2-3 years old, and declirddenanimals, whilst the
intensity ofMarshallagia spp. rose asymptotically with age. Fecal egg density was
directly proportional to adult worm burden across aged/fanshallagia spp., but

only in young animals foN. gazellae. There was no evidence that helminths, at the
levels observed, adversely affect saiga populations. d$ter&inge of many of the
parasites found is broad, and transmission between saiddsestock in both
directions might become important to agriculture andseoration as livestock
numbers recover. Simplified sampling techniques used intthdy,sand statistical
analysis based on bootstrapping, could prove useful in p#nasitological surveys of

wildlife in remote areas.

Keywords.  Saiga tatarica, gastrointestinal nematodes, wildlife-livestock

boundary, host specificityylarshallagia, Nematodirus gazellae.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

INTRODUCTION

The saiga$aiga tatarica) is a nomadic herding antelope of Central Asia, which
shares its range with several species of domestiddicke$Bekeno\et al, 1998;
Robinson and Milner-Gulland, 2003). The majority of saigasitivéazakhstan, with
an additional population in Russia and a separate subspedviongolia (Bekenoet
al, 1998). In Kazakhstan, there are three separate popslagiach of which
undergoes long seasonal migrations and ranges over are@é-&g. 1). Climatic
conditions in the area are extremely harsh, witd @ohters and hot dry summers
confining free-living parasite stages and transmissiomtiteld periods. Before 1998,
annual legal saiga culls provided an opportunity to samplevedialarge numbers of
saigas at the same time and place. Since 1998, saiga mmmulsve declined
precipitously due to illegal hunting (Milner-Gullaetlal, 2001), leading to the
species being listed as Critically Endangered on the WGNId Conservation Union

red list (vww.redlist.org and the halting of all legal offtake. Because of thigher

sampling will be extremely limited in the foreseeabitife, and the data presented in
this study will remain the most recent substantial syof parasites in saigas for
some time. They also provide a baseline for possibledi#ssessments of the
distribution of parasites among Eurasian ungulates, emidgical perturbations
linked to global climate change or anthropogenic distu@Boooks and Hoberg,

2000; Hoberget al, 2003).

Parasites of saigas were first studied in the 1920s, apatsunsthat transmission of
gastrointestinal helminths from saigas to sheep could dalmagsck production led
to intense investigation in the 1970s and 1980s (Petrov, 1985%nismon of

parasites from livestock to saigas is also possible, amd bave a negative impact
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on remaining saiga populations (Priyadkal, 1995). Despite a long history of study,
which addresses questions pertinent to wildlife parasyalogeneral, only the most
basic list of parasites infecting the saiga has been patlisithe international
scientific literature (Bekenost al, 1998), and even this is inconsistent with current
taxonomy. Cattle, sheep and goats graze many parts sditfeerange, and camels are
found in the western areas. Sheep are by far themmosrous livestock species in
Kazakhstan, and along with goats have the greatesttopggrfor livestock-wildlife
transmission by grazing remote land frequented by saigd®ugh horses are also
widely reared across Kazakhstan, they have few pasasicommon with saigas, and
are not considered further. Numbers of livestock througkamékhstan collapsed
following agricultural restructuring in the early 1990s Bitgon and Milner-Gulland,
2003), and veterinary services and drugs (including anthetsjriiecame less
available (Lundervold, 2001). These changes might affectrpstté parasite

transmission between saigas and livestock in future.

This study documents the helminths that have been egpmrsaigas in Kazakhstan,
and their other known hosts in the saiga range. PRattdrinfection reported in the
Russian language literature, and those observed in saidgss io this study, are used
to identify helminth species that might cause diseasaigas. We focus particularly
on species that can be transmitted between saigdvesitck, because these have
the potential for impact on both the critically endaegesaiga and on the depressed
livestock sector. Based on our results we identify ggetiat should be targeted in

future parasite control programmes in saigas and liviestoc
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MATERIALSAND METHODS

Parasites were collected from saigas in Betpak-Dalatr&ldazakhstan (Fig 1) in
November 1997 during the official annual cull. Groups of saige identified at
night using vehicle-mounted searchlights, and as many agfgshot, in compliance
with licence restrictions. Body condition was gradedlaylight according to the
amount of abdominal and retroperitoneal fat, and eadassallocated a score of 1
(poor, almost no fat), 2 (average: fair amount of faspnt, but kidneys clearly
visible) or 3 (good: plentiful fat, completely obscurkigneys). A similar index was
used in deer by Waid al (1985), and in peccaries by Caatral (1985). Age was
determined in the first instance by an experienced obsteora the Institute of
Zoology in Almaty, on the basis of body size and héwgbs: animals were
categorised as juveniles in their first year of ageduits. The central incisor teeth
were taken from each animal, and the complete masditden some, in order to age
animals more accurately. In the tooth sectioning techniqu&)(Ege is estimated
from annuli in the cementum of a transverse sectidhetooth root (Gruzdev and
Pronyaev, 1994; Pronyaeval, 1998). In the tooth eruption and wear technique
(TEWT), measurements of the mandible, and assessrhtdth eruption and wearr,
provide a guide to age (Pronyaghal, 1998). Both techniques were carried out at the
Norwegian Institute for Nature Research in Trondheiorwdy, and detailed test
methods and reliability are discussed in Lundervold (2004 L.andervoldet al

(2003).

The first 50 saigas killed were subjected to a generalipdoggcal examination the
day after slaughter, consisting of visual inspection agdadipalpation of the

integument, liver, trachea, lungs, diaphragm, mesgatad, in 22 animals, the nasal
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chambers and heart. The liver and lungs were inspeatedefacestodes, and incised
for detailed examination. In 20 animals, the liver wasiceed into small (0.5cm
square) cubes, which were washed in water and examinedheittaked eye against
a pale background for trematodes. All animals killed werscevated and the
abomasum and small and large intestines processed sépataiminths were
collected using methods adapted from MAFF (1986). Viscerdgkots were emptied
into a bucket and mucosa washed thoroughly in water wathdigital pressure.
Washings were combined with contents, passed through ao$i228.m aperture,
and a 15ml aliquot taken from the measured residue. Thipneasrved in formalin
to a final concentration of 5-10% for later examinatiomeéWthere was insufficient
time to examine abomasa immediately, they were alibie freeze outdoors, and
thawed for processing some days later. The contef®@amh lengths of small

intestine were extruded by digital pressure and sievecttwee nematodes.

The study area was remote and resources scarce vRetfi@liquots from the
gastrointestinal washings was designed to economise \aataslin and sample
containers, and facilitate transport to the laboratBrgvided material is well mixed,
the worms in the aliquot should provide a good reflectiath@fictual worm burden
(Reinecke, 1984). To check for parasites not extracted hyseoa, a subset of small
intestines was further opened longitudinally, the muegsshed and scrubbed, and
the whole residue examined. Adult cestodes found in thevgng extracted and

preserved in formalin, separately from the washings.

In the laboratory, nematodes were picked out from digexiar the dissecting

microscope, and mounted in lactophenol for identifica{idahoney, 1968). In



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

heavily infected samples, at least 40 specimens werearzband total worm burden
calculated from the proportion of gut contents examifEnecke, 1984). Female
nematodes were identified to the level of genus, and rakgsecies, using keys and
illustrations in Skrjabiret al (1954), Andreeva (1957) and Boehal (1962). Where
taxonomy in the Russian texts differed from that gdlyeaacepted in the current
international literature, the latter was adoptedhaalgh it is recognised that species
diversity within several taxa remains unresolved (Hobadglachtenfels, 1994).

Total nematode burdens were separated between specleslmasis of the proportion
of males of each species counted. Adult and larval cesteele identified under the

dissecting microscope using Dunn (1978) and Bael (1962).

Fecal samples were analysed using a standard McMasteigiee (MAFF, 1986),
modified to increase sensitivity and decrease relianspeaialised equipment.
Approximately 3g of feces were added to 12ml of tap wateer Aftushing and
suspending feces, coarse debris was removed using aaiearstand 9ml of the well-
mixed suspension transferred to a glass test tube. Tibents were allowed to
sediment for one hour, and the supernatant decanteddfeplaced with saturated
saline solution. The fecal material was re-suspended audtodill four standard
McMaster slides. Slides were examined between 10 and 40ewmiafter loading, to
maximise the proportion of eggs floating (Dunn and Keymer, 198&)lium power
magnification (total 100x) was used. The total amount ad@xamined in 8
McMaster chambers was 0.24g, and the number of eggs thexeétiplied by a factor
of 4, gives the approximate number of eggs per gram (epg)atddmeggs were
identified morphologically aBlematodirus, Marshallagia or ‘other’ (Thienpontt al,

1979). Forty samples were also examined for trematode eggsaither coverslip
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flotation in zinc sulphate (Thienpoatal, 1979) or sedimentation in water (MAFF,

1986).

Analytical methods

The effect of abomasal parasitism on individual savgas investigated by measuring
the correlation between body condition score and redaeadburden for total abomasal
nematode burden, and fdvtarshallagia marshalli, Marshallagia mongolica and
Nematodirus gazellae separately, in juvenile saigas of each sex, and azlklées.
Fecal egg counts (FEC) as a reflection of nematode buvdee assessed by
measuring the correlation between total numbers of Mhrkhallagia spp. and
Nematodirus spp., and fecal density of the corresponding egg type (epmgugative
link between these variables can be assumed, and limqgass®n analysis was
conducted using maximum likelihood (Williams and Dye, 1994),gu81e@ PopTools
software (www.csiro.au). Models using negative binonmal Boisson error
structures, and those using common or separate paramsit@tes for juvenile and
adult saigas were compared using the likelihood ratio ltsiofn and Mangel, 1997;
Torgersoret al, 2003,b). Regression was attempted in spite of the limited data, a

there are no published estimates of egg production by nematoskagas.

Parasites are usually highly aggregated among wildlife liSktswvet al, 1998), and
parametric statistical tests are therefore inapprap(Rbzsaet al, 2000). The degree
of overdispersion of each parasite species among jusamdl@dult saigas was
estimated using the corrected moment estimakgldidson and Dobson, 1995).
Parasite counts in different groups of saigas were cadpaing the Mann-Whitney

test (SPSS software, SPSS Inc.). We used bootstragpésgimate confidence



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

intervals around mean parasite counts (Efron and Tibshi888; Rozsat al, 2000).
One count was replaced with another from the samesdgtand the mean re-
calculated. Repeated replacement and resampling resultefdeiquency distribution
of simulated means, from which confidence bounds wererdesmpirically.
Bootstrapping was extended to a comparison of parasite almendatween samples.
The mean abundance in each sample was first estitgteabtstrapping with
replacement, and the two means compared. The procesbamagpeated many
times. In general, if the mean of sample 1 nearhagdrexceeds that of sample 2, this
is unlikely to be due to chance, and sample 1 can be seachtain more parasites per
host than sample 2. In this case, the proportion wipawisons in which mean
abundance in the more lightly infected sample excedusdrt the more heavily
infected sample was taken to indicate the probabifith@ observed difference being
spurious, and is here called the bootstrap p-value. We hisétrystal Ball

(Decisioneering Inc.) add-in to Microsoft Excel (Micréidoc.) for bootstrapping.

RESULTS

Helminth host range and abundance

All helminth species recorded in saigas have also beewfm other sympatric
artiodactylids (Table 1). Fifteen helminth species wepsrded in saigas in the
present survey, including nine abomasal nematodes, but ratdaes or lungworms
(Table 2). The most abundant gastrointestinal nematoelesviarshallagia

marshalli, Marshallagia mongolica, Nematodirus gazellae andSkrjabinema ovis.

Sampling and parasitological methods
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Shooting individual saigas opportunistically on encounteoisan ideal sampling
method, and may be prone to biases, for example towavds heavily parasitised
animals. However, there was no significant relationgteitween group size and either
body condition or nematode burden. Since all saigamaller groups were often
shot, whilst some animals from larger groups escaped utpigests that shooting did
not select thinner or more heavily parasitised saigasiasg that group size itself is

independent of parasite burden.

The number of nematode species found in saiga abomasatdigdpear to be related
to the total proportion of digesta examined, either on Viespection of the data or
on calculation of correlation (n=108, Spearma®y NS), suggesting that incomplete
examination of gut contents did not underestimate nematwdesitly. The observed
prevalence of infection was also unaffected by the prapodi digesta examined.
One adult and 4 juvenile saigas were inadvertently sinotugh the abomasum. The
volume of the contents of breached abomasa wasismymtify reduced relative to
undamaged abomasa (median volume 10ml, and 30ml respgedihaan-Whitney
U=13.5, n=4 and 63, p=0.01). However, the calculated burddroaiasal nematodes
was not lower in damaged abomasa (U=158, NS), and\bartéhallagia spp. and
Nematodirus spp. were found in washings from them. Samples from damaged
abomasa were therefore included in subsequent analysre Whs no significant
difference in either the medians of total nematode &wntthose of the separate
counts oMarshallagia spp. andNematodirus spp., in frozen and unfrozen abomasa
(n=26 and 107, Mann-Whitney U=1237, 1291, 1315 respectively, NS). Ndenat
specimens from frozen abomasa were apparently undamagded @asy to identify

as those collected from fresh abomasa. Failure ttelid@ pylorus did not appear to
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allow significant movement of nematodes between tenalsum and small intestine,
asMarshallagia spp. were recovered from the small intestine only gecasionally

and in small numbers.

Recovery of nematodes from the small intestine byuskin, without subsequent
washing, might lead to underestimation of small intesboedens if some nematodes
remain attached to the mucosa. Adult nematodes were @b sets of intestines
opened and washed after extrusion. Assuming that washingeredaall remaining
adult nematodes, extrusion was successful in recoveniryerage 98.9%, and in no
case fewer than 98%, of adult nematodes. No speciesraareered by washing that
were not already present in the extruded samples. emaurdens calculated from
aliquots of extruded small intestinal contents were us#tbwi adjustment in

subsequent analysis.

Effect of parasitism on body condition

The proportion of juvenile saigas in poor body conditdid not vary with sex
(x°=0.918, 1df, NS), but for females, a higher proportion ofjjiles than adults was

in poor condition ¥?=4.956, 1df, p=0.03). Adult males were not sampled due to
licensing restrictions. The abundance of all three qu@&raspecies was higher in
juvenile females than juvenile males (Table 3). The pesxa of botiMarshallagia
species, but noNematodirus gazellae, was higher in female juveniles than male
juveniles M. marshalli x?=37.60, 1df, p<0.00Iy. mongolica x?=4.576, 1df, p=0.03;

N. gazellae x?=3.670, 1df, NS). The only significant correlation betweamnasite

burden and body condition was found farshallagia marshalli in female juvenile
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saigas (n=44,s+-0.492, p=0.001), with higher burdens found in animals in poor

condition. No such correlation was found in other ageetasses.

Age-infection patterns

The relationship between saiga age and abomasal nenmea@dence and intensity
is summarised in Fig. Nematodirus gazellae andMarshallagia spp. show
contrasting patterns. The prevalence of abontd.sgdzellae infection is fairly
constant across age groups, whereas the proportionnodlgréarryingViarshallagia
spp. increases progressively with age. The mean interi$itygazellae infection
reaches a peak around age 3, and declines in older arliaadballagia spp., on the
other hand, are present in low numbers in saigas lassatlgear old, and increase to

an asymptote in older animals.

Convexity in age-prevalence and age-intensity curve®eam artefact of
aggregation in parasite populations, such that typicaibllssample sizes from older
hosts are more likely to underestimate the mean tiga ample sizes from younger
hosts. This possibility was tested by combining counts &aigas older than 2 years,
and comparing them with those from younger animals usiotstvapping (Table 4).
Where comparisons between age classes revealeddbe 4ample size to contain
significantly more parasites per animal, the analysis vepeated with an equal
sample size. This was achieved by selecting a randomrsagjaécounts at each
bootstrap iteration, equal in length to that of the ssnathmple. According to this
analysisN. gazellae burdens decline significantly in animals older than 2 ydars

Marshallagia spp. burdens do not.
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Fecal egg counts (FEC)

There was a significant correlation between abondagedhallagia spp. burden and
the density oMarshallagia type eggs in saiga feces, irrespective of host agegUsin
maximum likelihood linear regression with a negative birsdmiror structure,
separate estimates for the overdispersion parameétguvenile and adult saigas
significantly improved the model fit, but no advantage gased by adding age-
specific slope parameters (Table 5). Confidence intefealhe intercept included
zero for both adult and juvenile saigas, and the inteteemt was consequently
removed from the regression equation. Changing the simarture for FEC about
burden to Poisson significantly decreased the maximurihidaad fit of this optimal
model (likelihood ratig/’=145, 2df, p<0.001). Fd¥ematodirus, total counts from the
abomasum and small intestine were considered, givingalesreample size. Just 5 of
the FEC from adult saigas were positive, and noneeebexE4Nematodirus eggs per
gram. Correlation between burden and FEC was not sigmifica0.42, p=0.31).
Among juvenile saigas, totBlematodirus spp. burden and FEC were significantly
correlated. Using the same approach adarshallagia, separate juvenile and adult
terms for slope ankl significantly improved model fit, but neither intercégtms nor
the slope for adult saigas were significantly differeoin zero. Regression was
therefore repeated for juvenile saigas only. A negatierbial error did not
significantly improve model fit compared with a Poissoror (°=0.999, 1df,

p=0.32). Regressions are shown in Fig. 3.

Interaction between nematodes
The observed proportion of maleshitar shallagia spp. infections was 49% (n=1718),

and inNematodirus spp. infection 52% (n=962): in both cases the sex ratio is
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approximately 1:1}?=0.34 and 0.83 respectively, 1df, NS). The proportion of fema
nematodes observed to contain eggs was high in both &4étan=140 for
Marshallagia spp., and 75%, n=163 fdlematodirus spp.). The proportion of gravid
femaleNematodirus spp. was not related to the numbeNefmatodirus spp. adults in
the intestine @ -0.25, n=9, NS). This suggests that mating probability idimding

to reproduction in the populations considered.

There were no negative correlations in the abundaihaeydMarshallagia or
Nematodirus species in individual saigas, suggesting that competitidrtianrss-

immunity do not significantly constrain the infrapopulas@ampled.

DISCUSSION

In terms of overall numbers found, the dominant helmgathera in saigas were
Marshallagia, Nematodirus andSkrjabinema. The helminth burdens found in saigas
are lower than those associated with clinical sigrdiomestic animals (Reinecke,
1984). However, subclinical gastrointestinal nematode tiofes are known to reduce
growth rates in domestic ruminants (Forbeal, 2000), and decreased body mass and
condition have been reported in parasitised animalsange of wildlife species,
including ruminants (Gulland, 1992; Stietnal, 2002). The present study found that
6-month old saigas in poor body condition carried higleddéns oM. marshalli.

This was true only of females, and was not due to sang@dms, since the higher
levels of infection were not in the larger sampldssDbservation is at odds with the
tendency of male animals to carry higher parasite burdengever, theories of
immune handicap in male mammals stem mostly from axeeits that subject hosts

to relatively high levels of infection, and the vagard parasite acquisition in nature
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might reduce the importance of this effect (Wilgbal, 2002). Furthermore, the sex
bias in this study was in pre-reproductive saigas, and cefldtt differences in

maternal investment (Clutton-Broekal, 1982).

Effects of parasitism on host survival and fecunditydifficult to detect in free-
ranging ruminants (Hudson and Dobson, 1995). Alsah (2002) found that
anthelmintic treatment of free-living Svalbard reindeereased their fecundity, but
had no effect on overwinter survival. Hence the ole#poor body condition and
higher parasite burdens in female saigas in theiryf@at of breeding might reduce
their ability to carry a pregnancy to term. Coulsbal (2000) found decreased
fecundity in adult saigas during periods of high populationitdeasd after cold
winters (which could affect both nutritional status andcapiée acquisition), but no
such patterns were detected in first year breedergnitas analysis found a stronger
negative association between population density and fégungoung Soay sheep
than mature adults, and the failure to detect an efidotst year saigas could be due
to high variance and low sample size in this group (Cowdsal, 2000). Both
parasitism and immunity impose energy costs, confourr@ilagionships between
parasite burden and body condition. Thus, individualsdivart resources to an
immune response might have fewer parasites and poatgrcbadition than those
that ‘allow’ a higher level of infection (Medley, 2002pongitudinal data on the
acquisition of parasites, resources and resistancestionh would be needed to
disentangle these processes. Even then, lags betmageemum parasite burden, peak
body condition, and effects on host vital rates méanthe timing of observations
can be crucial to the chances of detecting these effétenet al 2002). In the

present study, sampling was restricted to the hunting séadtovember, when
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saigas are most likely to be in good body conditiopatasite burdens earlier in the
year are more important determinants of body conditioif,there is a lag between
burdens in November and effects on body condition a@adinates, a single cross-
sectional sample is unlikely to provide a sensitivedése biologically important
relationships. Furthermore, different nematode specigbtnaary in abundance
asynchronously within and between years (Ingnal, 2000), and affect their hosts
unequally or in combination, confounding relationships betvie&h nematode

burdens and body condition.

Despite the potential significance of hilyh marshalli burdens in young female
saigasMarshallagia burdens were much higher in adults than in juvenilesaagpd
effects of infection might therefore be more pronouriaeet in life. However,
burdens did not decline in older saigas, as we might eXgeeavily infected hosts
were lost from the population. Trichostrongyloid nemasoofedomestic ruminants

are characteristically more abundant in sub-aduit #tult animals (Armour, 1989),

and the asymptotic rise Marshallagia burdens with age observed in this study could

indicate relative unimportance of immunity in free-living ptapions, due perhaps to
lower nutritional status or less intense antigenic datmn. N. gazellae burdens were
lower in older saigas, but this could be due to acquirecuinitmrather than parasite-
induced host mortalityNematodirus spp. tend to penetrate deeper into the mucosa
than other trichostrongyloid nematodes (Anderson, 2000jregict be more
immunogenic as a result (Vercruysse and Claerebout, 199ig)cduld also account
for the apparent reduction in egg output fridematodirus spp., but not from
Marshallagia spp., in older saigas. The presenceNofjazellae in the intestine could

also help to elicit a stronger immune response tospiegies in the abomasum. It
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should be noted that in cross-sectional surveys sutthisasne, differences in
infection intensity with age could also be caused by vananh infection pressure

between years.

Inference of density dependence from age-intensity curasmglicated by
aggregation in parasite populations (Pacala and Dobson, H@88pn and Dobson,
1995; Wilsonet al, 2002). Large sample sizes are needed for adequatdcsthtist
comparison of burdens between host groups, yet opportuitggsnple large
numbers of free-living hosts are rare. The methods ustsi study could help to
address this problem in other parasitological surveysIdfii@i Firstly, the simplified
parasite extraction methods described allow larger nundbdrssts to be sampled
where time, water, equipment and transport are limedondly, bootstrap
comparisons of parasite burdens avoid reliance on flawastist assumptions, and,
by adjusting for sample size, can eliminate artefadgtdiakion of mean burden in
larger host groups without wasting data. Indirect measinearasitism, such as FEC,
can also enable more hosts to be sampled, especladhepost mortem examination
of wildlife is difficult or undesirable. At the levetsf infection observed in this study,
FEC appear to provide a useful indication of the intendityarshallagiosis in saigas

of all ages, and of nematodirosis in saigas below eae gf age.

Previous studies published in Russian reveal that sdigas siany helminth species
with domestic livestock, especially sheep. Several comhelminths of saigas

(Marshallagia, Nematodirus, Moniezia) are considered to be significant pathogens of
sheep in Central Asia (Irgashev, 1973; Denisova, 1976), andzakikistan saigas

have been thought to infect sheep witarshallagia spp. (Mustafin, 1987 Avitellina
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centripunctata (Petrov, 1985)Nematodirus archari, N. gazellae, N. mauritanicus
(Karabaev, 1953), arfekrjabinodera saiga (Radionov, 1973). Our understanding of
host specificity among these parasites, however, ren@ainfused. Radionov (1973),
for instance, consideidarshallagia marshalli to be primarily a parasite of sheep that
occasionally spills over into saigas, aidmongolica a parasite of saigas that can
infect sheep. Schodt al (1979), however, found both species in saigas that were
isolated from livestock on Barsa-Kel'mes island. Botlcg®ewere also common in
saigas in the present study, and age-intensity patteressiveilar, providing no
evidence for pronounced host specificity in this genus. Mererally, the
trichostrongylid nematodes appear to have a relativedg Wwost range in Kazakhstan,
whereas the moleinid&ématodirus andNematodirella spp.) are more specific. This
is similar to the typical distribution of gastrointeal nematodes among wild

ruminant species in North America (Hobetgl, 2001).

Actual transmission of helminths between saigas &pdtbck is likely to depend on
host abundance and patterns of contact, and not justsdspecificity (Morgaret al,
2004). Recent declines in saiga and livestock populatiokazakhstan might have
decreased opportunities for contact (Robinson and Milner-@YyI2003). However,
concurrent impoverishment of the livestock sector s @ecreased the availability
of drugs and eroded the effectiveness of centrally planmetb&health initiatives
(Lundervold, 2001). Livestock movements planned in part to gradssitic infection
have in many cases ceased (Robinson and Milner-Gulland, 2083)nlikely that
helminth infection at the levels observed in this stoalytributes significantly to
ongoing population decline in saigas. However, helmintidileely to cause

problems to recovering livestock populations in Kazakhstad saigas could suffer
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both by acquiring these parasites and by being blamed foisgread. Low rates of
parasite transmission from saigas to livestock are@ogssarily harmful, and could
boost immunity or supply anthelmintic susceptible paragteotypes (Van Wykt al,
2002). However, given the considerable overlap in helmauthd between saigas and
livestock demonstrated in this study, parasite controlldHmeiconsidered in future

livestock health and wildlife conservation initiativestihe saiga range.
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1 Representative samples of abomasal nematodes reddrn@resaigas during this
2 expedition have been deposited at the US National Raallection, accession

3 numbers xxx,yyy.
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TABLE 1. Hostranges of saiga helminths in Kazakhstan. All tspeeies have been
recorded in saigas (Berkinbaeal, 1994). Sources: Berkinbaeval (1994), Boeet al
(1962), Lavrov (1970), Radionov (1973), Sholl (1979), Kuznetsov and Dikov (19&%¢ral
of these parasite species have also been recorded imdithemminants in Kazakhstan,
which rarely or never co-occur with saigas, notablydbeexd mountain cervids and bovids

(Boevet al, 1962).
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Species
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N. oiratianus

N. spathiger

+|+]|+
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+|+
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TABLE 2. The prevalence (P), mean intensity (I) and inverse degfraggregatiork] of

helminths found in saigas in November 1997. Numbers examibethasa 87 juveniles, 46

adults; small intestines 10 juveniles, 12 adults; largstimes 3 juveniles, 3 adults.

Abomasal nematodes
Marshallagia marshalli
Marshallagia mongolica
Nematodirus archari
Nematoduirus dogieli
Nematodirus gazellae
Nematodirus oiratianus
Parabronema skrjabini
Teladorsagia circumcincta

Trichostrongylus colubriformis

Juveniles (<1 year old)

Adults (>1 year old)

Small intestinal nematodes
Nematodirella
longissimespiculata
Nematodirus gazellae

Nematodirus spathiger

Large intestinal nematodes

Skrjabinema ovis

Intestinal cestodes
Avitellina centripunctata

Moniezia expansa

Metacestodes
Taenia hydatigena (Cysticercus

tenuicollis)

P I k P I k
0.25 31 0.06 0.70 213 0.62
0.15 18 0.10 0.54 195 0.29
0.01 9 - 0.02 9 -
0.05 15 0.02 0.04 2 0.02
0.61 41 0.25 0.33 60 0.15
0.02 8 0.01 0 - -
0.01 1 - 0.02 7 -
0.01 5 - 0 - -

0 - - 0.15 14 0.04
0.43 3 0.38 0 - -

1 875 1.23 1 386 0.81
0.14 10 - 0 - -

1 400 1.92 1 732 0.08
0.29 1 - 0 - -
0.14 1 - 0 - -
0.11 5 0.78 0.06 3 0.94
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TABLE 3. Mean nematode abundance (=average number of adult parasitiesnimals
sampled) in male and female saigas 6-7 months of aged aulketpak-Dala in autumn
1997. The mean difference and p-values were calculated Istizqaping: 1,000 comparisons

were made between samples of 100 drawn from the datasepiicement.

Male (n=43) Female (n=44)
n positive Mean n positive Mean Mean p
abundance abundance difference
(95% Cl) (95% CI)  (95% CI)
N. gazellae 25 15 (9-21) 34 45 (25-69) 30 (13-47) 0.003
M. marshalli 6 2 (1-3) 35 13 (4-29) 11 (4-21) <0.001

M.mongolica 7 2 (0-4) 16 3 (0-7) 2 (-1-4) 0.175
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TABLE 4. Bootstrap comparisons of mean intensity of infectiosaigas of different ages.

P-values are the proportion of comparisons in which iitteimsthe younger age class

exceeded that in the older age class. In each test, dg@ffarisons were made between

samples of 1,000 values drawn from the observed countstapiicement. J=Juveniles (<1

year old), Y=Yearlings (1-2 years old), A=Adults (>2 yeald).y” = Kruskal-Wallis test

statistic, with accompanying p-value. The numbersfefcied animals are given in Table 2.

Species Mean intensity Y p Bootstrap p-value  Bootstrap
p-value
(equal n)
J Y A J-Y Y-A Y-A
M. marshalli 31 229 214 25.3 <0.001 <0.001 0.941 0.740
M. mongolica 18 236 176 17.8 <0.001 <0.001 0.034 0.084
N. gazellae 41 75 52 0.708 0.708 0.911 0.001 -
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TABLE 5. Effect on linear regression model fit fdarshallagia fecal egg density on adult
burden of including separate slope (m) and error (Megatnomial distribution parameter k)
terms for juvenile and adult saigas. Model fit was ss=@ using maximum likelihood: figures
given are the minimum possible sum of the negative log dikkbiéhoods of individual data

points, given model assumptiondvalues refer to the likelihood ratio test statistic.

Common k Separate k 2 (1df)

p
Common m 66.745 59.597 14.297
<0.001
Separate m 65.745 58.825 13.679
<0.001

%2 (1df) 2.162 1.543

p 0.14 0.21
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FIGURE 1. Approximate distribution of saiga populationK@&zakhstan, adapted
from Bekenowet al (1998). Latitude and longitude, and distance marker, are
approximate.

FIGURE 2. The prevalence and intensity of abomasalatmdes in saigas of
different ages. Bars represent 95% confidence interf@sprevalence, these were
calculated by the exact binomial method, and for meamnsitty, by bootstrapping
directly from the data (1,000 samples, with replacejn&ample sizes = 87,17,10,9
for consecutive age classes.

FIGURE 3. The relationship between gastrointestinalatede burden and fecal egg
count (FEC) in saigas. Coefficients are given for mmaxn likelihood linear
regression, with 95% confidence intervals in parentheagklarshallagia in 48

saigas of all ages, assuming a negative binomial drtatsre. Pearson r=0.82,
p<0.001. Slope=0.022 (0.013-0.039), intercepk=H,0.05 (0.01-0.15) for juveniles,
and 1.2 (0.4-3.3) for adults. (hematodirus (abomasum and small intestine) in 6
saigas less than one year of age, assuming a Poissosteucture. Pearson r=0.87,
p=0.024. Slope=0.017 (0.014-0.021).
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