Chapter 4 - Approaches to the measurement of nematode infection

This chapter considers methods appropriate for the study of parasitism in wildlife, and
uses them to devise ways of addressing the research aims of this project. The rationale
and execution of the fieldwork undertaken in Kazakhstan are described, along with
field, laboratory and statistical methods. The details of methods used in the
identification of nematodes, and the statistical analysis of parasite counts, are

discussed in chapters 5 and 6 respectively.

4.1 Approaches to data collection

The particular problems of measuring parasitism in wildlife are discussed below,
along with the methods available for gastrointestinal nematodes of ruminants.

4.1.1 Direct measures of parasitism

Methods for measuring parasitism in free-living wildlife have on the whole been
adapted directly from techniques used in domestic animals. Most directly, they
involve the recovery and enumeration of parasites from the organs of the dead host.
The majority of gastrointestinal nematodes are easily recovered by opening and
washing the digestive tract (Reinecke, 1984). The procedure is straightforward and
requires only the most basic equipment, but requires the death of the host. Leaving
aside ethical problems, this may be undesirable if the viability of the population being
studied is of concern. Removing animals will also potentially affect the dynamics of
both host and parasite populations, so provoking artificial changes in the system under
study. These problems are circumvented if only those animals found dead are
analysed, but this will produce bias (see chapter 2). It may also be difficult to find
freshly dead animals, especially in species that range widely at low overall density,
such as the Saiga.

The direct measurement of parasitism in free-living wildlife can also be complicated

by logistical problems, which are ignored in most techniques developed for the post

mortem examination of domestic animals. Much sampling of wildlife occurs in the
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field in remote locations: material must then either be transported back to a laboratory
for study, or examined in the field. Sampling methods that require unrealistic
facilities, resources or precision are unlikely to be useful in these circumstances. Time
may also be limiting, while sample size is especially important when sampling for
parasites (see chapter 6). Little attention has been paid in the literature to the
development of rapid, simple methods for parasite recovery that require only basic
equipment and minimise the amount of material that is to be transported back from
the field. Many past studies of parasitism in wildlife, meanwhile, have relied on
opportunistic access to dead animals, and often suffer from biased sampling,
inefficient recovery and low sample size (Grenfell and Gulland, 1995; Borgsteede,
1996; Tompkins et al, 2002a). The present study presents an opportunity to sample a

relatively large number of healthy animals that are culled at the same time.

4.1.2 Indirect measures of parasitism

Indirect methods for detecting gastrointestinal nematodes have been developed for
humans and domestic animals. Chief among these is the faecal egg count (FEC).
Methods differ in detail, but in most, nematode eggs are separated from the faecal
material by flotation, and quantified by counting eggs at a given dilution.

Since Stoll (1930) pioneered the use of faecal egg counts (FEC) for measuring
gastrointestinal nematode parasitism in sheep, their reliability at both the individual
and population levels has been questioned, due to their notoriously high variability
(Rossanigo et al, 1991). While part of this is due to variation in underlying parasite
distribution (Roberts and Swan, 1982), further inaccuracies are introduced by
fluctuations in faecal output, both between hosts and with time (France et al, 1988;
Brundson, 1970), variation in egg output by worms on a diurnal basis or with age
(Brundson, 1970), and variable faecal consistency (Peters and Leiper, 1940). Similar
sources of inaccuracy have been identified in FEC of intestinal helminths in man
(Hall, 1982). Even at the level of the individual host, the repeatability of faecal egg
counts may be poor (De Vlas et al, 1992; Gasbarre et al, 1996). At the population
level, the usefulness of FEC as a measure of parasite abundance as well as prevalence
relies on the correlation between them and adult worm burden. Such a correlation has

been demonstrated for several nematode genera in growing cattle (Bryan and Kerr,
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1989a; Murrell et al, 1989), and less convincingly in lambs (Thomas and Boag,
1973), but other studies have found no relationship between worm burden and FEC
for nematodes in young cattle (Rubin, 1967; Brundson, 1971; Smeal et al, 1977), nor
for Oesophagostomum in sows at pasture (Rose and Small, 1980). This may be due to
density-dependent parasite fecundity resulting from acquired immunity. Egg output
was found to fall faster than worm burden in calves experimentally infected with
Ostertagia ostertagi, suggesting that fecundity is affected by the host response
(Michel, 1969a, 1969b). Reduction in FEC with experience of infection was also
demonstrated for nematodes in goats by Vlassoff et al (1999), and for Ostertagia
ostertagi in calves by Gasbarre et al (1990), who further related the pattern to an

increase in circulating anti-Ostertagia antibodies.

Kingsbury (1965), McKenna (1981) and Tarazona (1986) all found that FEC broadly
reflected worm burden in sheep if both measures were categorised as low, moderate
or heavy. However, low counts of Nematodirus eggs, in particular, did not rule out
high worm burdens, and many very high egg counts (>3,000epg) were due primarily
to infection with the very fecund genus Haemonchus. Pre-patent infections are not
detected by FEC. This may be important in the diagnosis of clinical nematodosis in
individual cases, particularly when pathology is largely caused by the immature

forms, as in nematodirosis (McKenna, 1981).

Whether or not faecal egg output is correlated with intensity of infection across a wide
range of worm burdens, very low numbers of fecund adult worms will produce low
numbers of eggs (providing mating takes place). The use of FEC for detecting
infection, and the reliability of measures of prevalence based on FEC, will then
depend on test sensitivity. Faecal egg density is typically low in cattle due to the
diluting effect of the large volume of faeces (Michel, 1968; Burrows et al, 1980), and
adaptations to standard flotation methods for this species involve examining larger
amounts of faecal material. This can be achieved by reducing the dilution of faeces
(MAFF, 1986), or, alternatively, by examining supplementary material using the
unmodified standard test. In the former case, faecal debris is concentrated and may
make reading the test difficult, while carrying out serial tests is time consuming. The
increased accuracy achieved by examining ever larger quantities of lightly infected

faecal material may not be worth the extra time and effort needed, and the method
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selected should reflect expected levels of infection and the sensitivity and accuracy
required. This seems to have been a matter of qualitative judgement in most published
studies, with standard dilutions prevailing. Methods devised for the detection of
relatively intense infections in domestic animals may therefore not be suitable for
lighter infections, for example in wildlife or extensively farmed livestock (Arneberg
and Folstad, 1999). Development of a rationale for selecting a method that optimises
sensitivity, accuracy, sampling effort and time in the laboratory, would enhance the

usefulness of FEC as a tool for the investigation of parasitic infection in wildlife.

The usefulness of FEC as a measure of parasitism is further limited by our inability to
reliably distinguish between the eggs of different species. Efforts to resolve this
through detection of parasite antigen in faeces, either directly through ELISA (Ellis et
al, 1993), or by amplifying ribosomal DNA using PCR (Zarlenga et al, 2001), have
been partially successful, but are not yet in widespread use. Differentiation of
trichostrongylid eggs for all but a few easily recognisable species relies on faecal
culture. The ratios of larvae so recovered may bear little relationship to the species

composition of the worm population of origin (McKenna, 1990).

Despite their problems, FEC have several important advantages over post mortem
parasite recovery. Faeces can be collected quickly from a large number of hosts,
without Killing or harming them, and only a small amount of material is necessary,
alleviating transport problems. A large number of faecal samples can provide a more
useful reflection of parasite abundance in sheep at the flock level than a small number
of post mortem counts (Stampa and Linde, 1972), in spite of their higher variability.
Samples can also be processed quickly, and when time is taken into account, FEC
may be the method of choice for parasite surveys at the population level, provided
they are known to be correlated with adult worm burdens. Where parasite
transmission is the focus of study, the extent to which animals contaminate the
environment with free-living parasite stages is of direct interest, and is most
appropriately measured directly using FEC. Wild animals, however, must be captured
if faeces are to be taken directly from them. If the animals are killed for sampling, the
advantages of FEC over direct collection of adult nematodes are largely lost.
However, if faeces from known individuals can be collected non-invasively (for

example, by sampling middens, or following grazing individuals), and there is
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evidence for a relationship between FEC and adult worm burden, faecal samples
could be very useful in wildlife studies. Even where individual sources of the faeces
cannot be identified, an adequate number of samples can give an approximate
measure of parasite abundance in the population as a whole. FEC were used in
parasitological monitoring of individual tagged feral Soay sheep on St. Kilda (Gulland
and Fox, 1992; Gulland et al, 1993). Elsewhere, FEC provided a reasonably good
reflection of the burdens of adult Marshallagia marshalli and Ostertagia gruehneri in
Svalbard reindeer (Irvine et al, 2001), but were less satisfactory in prediciting
individual nematode burdens in blue wildebeest in South Africa (Horak et al, 1983).
Unvalidated FEC have also been used to compare parasitism in adult and sub-adult
African buffalo (Penzhorn, 2000).

Other indirect measures of parasite infection include serum antibodies to Ostertagia
ostertagi (Gasbarre et al, 1990), peripheral eosinophil counts for Teladorsagia
circumcincta (Stear et al, 1995a), serum pepsinogen or gastrin for abomasal
nematodes (Brundson, 1971; Fox, 1997), and packed cell volume for haemonchosis
(Le Jambre, 1995). However, these methods are either non-specific (i.e. do not reflect
any parasite species in particular), poorly correlated with parasite abundance (Murrell
et al, 1989), expensive or impractical for use in the field. The use of serological tests
in species for which they have not been validated is also liable at best to introduce
additional uncertainty, and at worst to not work at all. Stear et al (1995a) found that
FEC provided a better reflection of adult Teladorsagia circumcincta burden in sheep
than either peripheral eosinophil counts or plasma pepsinogen concentrations. Serum
pepsinogen concentration, on the other hand, better predicted food intake and weight
gain in captive wild reindeer than FEC, even though the correlation with abomasal

nematode burden was poor in both cases (Arneberg and Folstad, 1999).

4.1.3 Overdispersion and sample size

Both direct and indirect measures of parasitism must take account of overdispersion in
parasite distributions, which has many implications for study design. Methods for
comparison of sample means that assume Normal distribution about the mean are
flawed (Ro6zsa et al, 2000), as are many methods for determining the sample size

necessary to identify significant differences between means (Thrusfield, 1995). Even
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non-parametric tests for sample means may not be applicable, if distributions of
samples differ (Sokal and Rohlf, 1995). The increased chance of finding heavily
infected hosts in large samples also poses the risk of Type | error when comparing

samples of unequal size.

The implications of overdispersion for the statistical analysis of parasite data are
discussed further in chapter 6. For study design, perhaps the most important point is
that larger sample sizes will be required to make reliable comparisons between means.
It is, however, difficult to quantify the required sample size, particularly if there is no
previous information on the expected form of the distribution. The chance of finding
parasites in a given host, and hence measured prevalence, is also affected by parasite
distribution. Many methods for predicting the sample size needed to detect parasitic
infection at a given prevalence, however, remain valid, since they make no

distributional assumptions (Thrusfield, 1995).

Regardless of data form, there is a relationship between the sample size and the
number of comparisons that can be made, while resources will always set an upper
limit to the number of animals that can be sampled. In surveys of gastrointestinal
nematodes, FEC can generally produce a larger sample size than gastrointestinal
washes given similar resources, but will usually give only a vague indication of the
species composition of adult worm populations. For these reasons, this study uses
faecal egg counts complimented by gut washes in a sub-set of animals, so maximising
the information gathered. Sampling considerations are discussed in section 4.3.

4.1.4 Sampling bias

Bias in the selection of animals for sampling is a common feature of wildlife parasite
surveys, as already discussed in chapter 2. Even when hunting healthy animals
specifically for research, bias is difficult to avoid, since not all members of the
population are likely to be equally available or make equal targets. Purposive
sampling, which aims to sample ‘representative’ individuals, can be a useful way of
ensuring that important strata of host types are sampled, but is likely to artificially
depress apparent variation within strata, relative to random sampling (Thrusfield,

1995). Random sampling of wildlife populations is likely to be an unrealistic
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aspiration in many cases, due to licensing restrictions, and unavoidable bias in the

animals that present themselves for sampling.

Greater control is often possible over livestock, but even here random sampling is
often an illusion. Abattoir surveys, for example, can only ever be representative of
those animals presented for slaughter. Surveys at the farm level, on the other hand,
may be non-random due to variable farmer co-operation, and unevenness in the farm
types sampled. Thus, random selection of farms will lead to disproportionate
representation of animals from small farms, and results should not be extrapolated to
the population as a whole. There are many ways of trying to avoid bias in farm
surveys (Thrusfield, 1995). In this study, however, practical considerations limited

their applicability, as will be seen in section 4.3.

4.1.5 Free-living parasite stages

In addition to measures of parasitism in the host population, it may be useful to
estimate the size and distribution of the free-living part of the parasite population. In
the trichostrongyloids, the density of infective larvae on the herbage can be used as an
index of the relative risk and likely intensity of new infection on a particular pasture
at a particular time of year. In veterinary research, this approach has formed a part of
both general epidemiological studies aimed at building an understanding of typical
patterns of infection in a region, and specific investigations aimed at managing
disease at the farm level through optimal grazing strategy (see chapter 8). Less use
has been made of estimates of pasture larval contamination in studies of free-living
wildlife, possibly due to practical considerations, though they were used by Gulland

and Fox (1992) in studies of Soay sheep.

In estimating larval density on vegetation, herbage is most simply collected directly
from the pasture, and larvae extracted by washing and sedimentation (Taylor, 1939),
or by sieving (Lancaster, 1970). Many more complex techniques have been
developed, and are reviewed by Couvillion (1993). However, all suffer from very
large variation both within and between studies, and from a questionable relationship
to the number of larvae likely to be actually ingested by grazing animals. Most

significantly, larvae are unlikely to be distributed evenly over pasture, since neither
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ruminant grazing patterns (and hence pasture contamination), nor conditions for larval
development and availability, are uniform in space (Levine, 1963; Boag et al, 1989;
Krecek et al, 1990). Most techniques aim to compensate for this unevenness by
sampling from a suitably large number of points on the pasture. However, there have
been few attempts to standardise for size of pasture or density of herbage, and studies
conducted at different times may be confounded by variation in larval availability
with time of day, climatic conditions, and forage type (Couvillion, 1993). Comparison
between studies is often meaningless due to differences in laboratory techniques or

operator variation.

Since estimation of larval density usually aims to quantify infection risks to grazers,
refinements to techniques have sought to emulate ever more closely the grazing
behaviour of hosts (Bryan and Kerr, 1988). It is unlikely, however, that human
samplers will be able to accurately simulate ruminant grazing behaviour. Larvae are
likely to be concentrated near the faecal mass, for instance (Williams and Bilkovich,
1973), and the extent to which animals graze these areas may vary with their
nutritional status or stocking density (Hutchings et al, 1998). Grazers can be used as
sampling tools, the researcher collecting the ingested herbage through surgical fistulae
(Gettinby et al, 1985), or by Killing tracer animals after 2-4 weeks and counting their
worm burdens (Waller et al, 1981). However, the inaccuracies inherent in human
sampling techniques are then replaced by vagaries in the grazing patterns of
individual animals, and the fate of larvae once ingested. Gettinby et al (1985) found
that fistulated sheep provided no less variable an indication of pasture contamination
than did direct sampling of herbage, while Waller et al (1981) found that variation in
estimates of pasture contamination were much higher using tracer animals than direct
sampling, particularly for Nematodirus. The use of tracer animals in wildlife studies
is, in any case, likely to be impractical in almost all cases.

Most workers concede that absolute numbers of larvae recovered from herbage by
direct sampling are all but meaningless. However, relative numbers obtained in
different areas and at different times of year can give an approximate idea of the
relative risk and quantity of larval ingestion, provided methods are standardised and

take into account the non-random distribution of larvae by ensuring that adequate
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samples are taken. In this study, standard methods were adapted to take account of

expected low larval density (see section 4.3).

4.1.6 Objectives of fieldwork

Objectives were formulated by devising hypotheses based on the key research
questions outlined in earlier chapters, deciding how these were to be tested, and

itemising the data required to do so. This process provided a guide to the fieldwork:

the chief objectives are listed in Table 4.1.
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Table 4.1. Objectives of fieldwork. The chapter which is most relevant to the objective is noted in the right hand column. Table continued overleaf.

Objective Test Data Fieldwork Chapter

1 | List parasite species known | Survey Russian literature. Species lists in saigas. Find and translate previous work. 3
to infect saigas.

2 | List parasite species Parasite identification. Presence/absence of species. Sample a representative number of 5
currently infecting saigas. saigas for parasites.

3 | Quantify current levels of Collect sample statistics Prevalence and mean intensity | Count parasites recovered from an 6,7
parasitism in saigas, that reflect parasite of infection by species. adequate number of hosts.
especially by gastrointestinal | abundance.
nematodes.

4 | Determine whether parasitic | Evidence of association Evidence of pathology or Post mortem examination of saigas, 7
infection is likely to affect between parasite infection reduced body condition in including pathological examination
saiga fitness. and measures of reduced heavily infected saigas. and assessment of body condition.

fitness.

5 | Determine whether there is | Compare parasite Parasite abundance in young Worm counts from animals of 7
effective immunity to abundance in saigas of and adult saigas. different age, and a reliable index of
parasites in saigas at their different ages, to assess the age of individual saigas.
present levels. whether exposure confers

resistance.

6 | List parasites of domestic Survey Russian literature, Species lists and abundance Find and translate previous research, 3
ruminants in Kazakhstan, and unpublished work. data, past experimental work, evaluate ongoing work in the field.
and current understanding of expert opinion.
their local epidemiology.

7 | Determine the main factors | Analyse associations Measures of parasite burden in | A large number of faecal samples. 7
affecting the abundance and | between parasite burden domestic ruminants from a Also, a smaller number of gut washes
distribution of parasites of and factors such as location, | variety of locations and to confirm species present, and the
domestic ruminants now. husbandry and grazing husbandry / grazing systems. existence of a relationship between

management. parasite burden and faecal egg count.

8 | Determine whether saigas Compare parasites from Parasite specimens from saigas | Post mortem recovery of parasites 5

and sheep genuinely share
parasite species.

saigas and sheep, and
decide whether there is
overlap.

and sheep.

from both hosts.
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Table 4.1, continued.

control of parasite transmission in and
between saigas and domestic livestock,
and for prioritising and advancing
further work.

and a critical assessment of
available data and key shortfalls
init.

Objective Test Data Fieldwork Chapter
9 | Identify likely places and times of Devise a rational model that Saiga population density and Published and 8
parasite transmission between saigas incorporates existing data on movement, stock population unpublished data,
and sheep. saiga and sheep densities and density and movement, and expert opinion.
movements, and parasite parasite development and
development and survival survival parameters.
parameters.
10 | Assess likely effects of climate, and Compare model predictions with | Climatic data, and parasite Information 8,9
changes in host density and movement, | past data, and extend predictions | abundance in saigas and gathering.
on parasite abundance and transmission | to hypothetical situations. livestock in the past.
within and between host species.
11 | Devise and evaluate useful methods for | Compare the performance of Test performance, and data on | Direct and indirect | 6
the detection and measurement of different methods with each parasite distributions within parasite counts
parasitism in wildlife in difficult field other, and with more established | and between hosts that will from saigas and
conditions. methods in the literature. affect test reliability. livestock.
12 | Make sensible recommendations for the | A combination of model output, | All the above. All the above. 10
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4.2 Fieldwork design and execution

4.2.1 Time spent in Kazakhstan

Visits to Kazakhstan took place between 1997 and 2002, as summarised in Table 4.2.
Saigas and livestock in several different areas were sampled for helminth infection
(Fig. 4.1). Information on previous parasitological studies, as well as population and

climatic data, were also obtained in Kazakhstan from archives and published sources.
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Figure 4.1. Locations of sampling sites of saigas and livestock in Kazakhstan, in
chronological order. 1 and 2 represent saiga hunts in autumn 1997, which progressed
southwards to follow the migrating herds, 3 is the saiga calving ground visited in Ustiurt in
spring 1998. Livestock samples: a = Almaty (autumn 1997), b = Ustiurt (spring 1998), c-f =
northern transect (Betpak-Dala; summer 1998), g-i = southern transect (Chu; autumn 1999), j
= Taraz (Dzhambul; autumn 1999). Locations a and j in southern Kazakhstan (SK) are
outside the saiga range. *= town
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Table 4.2. Details of fieldwork in Kazakhstan. Durations of expeditions include practical preparations and processing of samples.

Trip | Date Duration Location Task Data collected
(weeks)
1 Sep-Dec | 6 Almaty Background information, language familiarisation, expedition preparations.
1997
6 Betpak-Dala Saiga hunting expedition. Samples of helminths from 133 saigas (gut washes).
2 Apr- 6 Ustiurt Saiga calving expedition. Samples (gut washes) from 11 saigas; also faecal
May and herbage samples from saiga pasture, and 50
1998 faecal samples from livestock.
3 June- 3 Almaty, Karaganda, | Visits to government offices, Information on farming, stock numbers, veterinary
Aug Dzhezkazgan laboratories and farm administrations. infrastructure and parasitological monitoring.
1998
4 Betpak-Dala Farm survey. Faecal samples from 300 domestic ruminants.
2 Almaty Sample processing.
4 Apr 2 Almaty Present preliminary findings to Review of literature in Russian.
1999 conference on biological resources
of Kazakhstan.
5 Oct-Dec | 4 Almaty and Taraz Licences and administration. Search of | Published and unpublished past surveys of saiga and
1999 (Dzhambul) literature and archives. livestock parasites.
4 Dzhambul oblast Survey of sheep parasites. Gut washes from 30 sheep; faecal samples from
200.
6 Dec 2 Almaty Zoology conference. Literature review.
2000 Published and unpublished data on parasite
7 Mar 2 Almaty Presentation of results, and feedback | development; update literature review.
2002 from experts. Address gaps in literature.
Total 40 weeks Kazakhstan
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4.2.2 Expeditions

Expeditions were planned to collect helminth samples from saigas and livestock in the
field, and test hypotheses drawn from Table 4.1. Priority was attached to the
collection of different samples according to their importance to the chief objectives of
the study, and to the availability of existing data (Table 4.3).

Expeditions and sample collection were subject to severe practical constraints. Much
of the saiga range is remote from centres of human habitation: as an example, the
saiga calving grounds in Ustiurt are seven days’ journey from Almaty, and two days
from the nearest town. Logistical and budgetary considerations meant that most
parasitological work was undertaken alongside other scientific objectives, on joint
expeditions. Additional constraints were imposed by regulations governing the
hunting of saigas: most post mortem examination of saigas was restricted to the
official hunting season in October and November. Hunting was predominantly
undertaken by state-controlled hunting co-operatives, and carcases sold for food. In
November 1997, only female and sub-adult saigas were taken. Ten male saigas were
culled in Ustiurt in May 1998 under special licence: the single female sampled was
found injured, and euthanased. In 1998, following increases in illegal hunting and
worrying population decline, the government of Kazakhstan imposed a total
moratorium on saiga hunting (Milner-Gulland et al, 2001). This forced a restructuring
of sampling plans, which originally aimed to compare parasite burdens in saigas in
different regions and in different years and seasons.

Sampling of livestock was also subject to state regulation and logistical limitations.
By 1998, most abattoirs and meat plants in or close to the saiga range were no longer
operational, and slaughter was undertaken by stock owners or meat retailers. This,
along with manpower limitations and lack of facilities, ruled out central post mortem
sampling of large numbers of animals. Given good prior knowledge of parasite
diversity in livestock in Kazakhstan, and the ease with which the three key genera of
gastrointestinal nematode can be distinguished coprologically, the livestock survey
used faecal egg counts, with a small number of sheep sampled post mortem to verify

the dominant nematode species and establish a correlation between faecal egg density
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and adult worm burden. Sampling focused on sheep, with some goats, cattle and

camels included for comparison.

The samples taken from saigas and livestock are summarised in Table 4.4, and their
locations in Fig. 4.1. More detailed information on the organisation and bureaucratic
requirements of the 1997 and 1998 expeditions can be found in Lundervold (2001).

4.2.3 Other data sources

Population and range size estimates for saigas were obtained from Bekenov et al
(1998), and more recent figures from Milner-Gulland et al (2001), and from the
Institute of Zoology in Almaty. Official data on livestock numbers and production
were obtained from Kazakhstan government sources, and corroborated with figures
from administrative authorities at the oblast, raion and farm levels. Most of this work
to 1998 was undertaken by Sarah Robinson, and is discussed in Robinson (2000).

Climatic data were also those collected and used by Robinson (2000).

Published work on parasites of saigas and livestock in Kazakhstan was obtained
principally from the Institute of Zoology, and the Veterinary Scientific Research
Institute, both in Almaty, and the K.I.Skrjabin Veterinary Scientific Research Station
in Taraz (Dzhambul), and also from the Russian Academy of Agricultural Sciences,
Central Scientific Agricultural Library, and the K.l.Skrjabin All-Russian Scientific
Research Institute of Helminthology library, both in Moscow. Unpublished records of
parasite surveys were obtained from the above-mentioned sources in Kazakhstan, as
well as from the Dzhezkazgan oblast veterinary parasitology diagnostic laboratory
(now subsumed into Karaganda oblast). With the exception of Bekenov et al (1998),
findings were reported in Russian, and translated as part of this project. Russian terms
and place names used in this thesis are transliterated according to the Library of
Congress system (Brown, 1996). Where place names have changed since

independence, the new name is used, followed by the old name in brackets.
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Table 4.3. The sampling plan in order of priority. Objectives cited relate to Table 4.1. Sample sizes are discussed in the text, section 4.3.

Host Sample Purpose Obijectives

species |1 |2

Saiga Counts of abomasal nematodes. List parasite species, prevalence, abundance and 2,3,8,11
distribution.

Saiga Counts in young saigas. Counts in adult saigas. Age-intensity as an indicator of density 5
dependence.

Saiga Counts in thin animals. Counts in fat animals. Association between parasitism and body 4
condition.

Sheep Faecal egg counts in extensively | Faecal egg counts in village sheep. Effect of grazing strategy on parasite burdens. 7

grazed sheep.

Sheep Faecal egg counts on different farms. Effect of location on burdens of different species. 7,9

Sheep Gut washes. | Faecal egg counts from same animals. | Parasite species composition and egg output. 7,8, 11

Saiga Check for other parasite species. List species present. 2

Livestock | Faecal egg counts in different host species. Relative contribution to pasture contamination. 9

87




4.3 Field methods

4.3.1 Saiga hunting and post mortem examination

Saigas in Betpak-Dala were killed by hunters of the Karaganda hunting inspectorate
as part of the annual cull, and those in Ustiurt under licence by employees of the
Institute of Zoology. Groups of migrating saigas were identified at night using a
vehicle-mounted searchlight, and pursued. When close to the group, the vehicle
stopped and as many saigas as possible were shot. Carcases were assembled and
loaded onto a truck, then taken back to a central camp, where viscera were removed.
On long hunts, evisceration was carried out before loading, and the abomasa separated

and placed into labelled plastic bags for transport to camp.

Body condition was graded by daylight according to the amount of abdominal and
retro-peritoneal fat, and each carcass allocated a score of 1 (poor, almost no fat), 2
(average: fair amount of fat present, but kidneys clearly visible) or 3 (good: plentiful
fat, completely obscuring kidneys). A similar index was used in deer by Waid et al
(1985), and in peccaries by Corn et al (1985). Age was determined in the first
instance by an experienced observer from the Institute of Zoology in Almaty, on the
basis of body size and head shape: animals were categorised as juveniles in their first
year of age (i.e. around six months old), yearlings (18 months), or adults. In Ustiurt,
ages were multiples of one year. The central incisor teeth were taken from ea