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EVALUATION OF THE ASSOCIATION OF PARASITISM WITH MORTALITY OF WILD
EUROPEAN RABBITS ORYCTOLAGUS CUNICULUS (L.) IN SOUTHWESTERN AUSTRALIA

Russell P. Hobbs, Laurie E. Twigg®, Aileen D. Elliot, and Amanda G. Wheeler*
Division of Veterinary and Biomedical Sciences, Murdoch University, Murdoch WA 6150, Australia

ABSTRACT: Abundances of the parasitic nematodes Trichostrongylus retortaeformis and Passalurus ambiguus, and 8 Eimeria
species were estimated by fecal egg and oocyst output in 12 discrete free-ranging populations of wild rabbits (Oryctolagus
cuniculus) in southwestern Australia. Comparisons of parasite egg and oocyst counts were made between those rabbits known
to have survived at least 2 mo after fecal samples were collected and those rabbits that did not survive. There were significant
negative relationships between parasite egg and oocyst counts and survival when all age groups and collection periods were
pooled for several species of coccidia and for T. retortaeformis. However, when the same comparisons were made within rabbit
age groups and within collection periods, there were very few significant differences even where sample sizes were quite large.
The differences indicated by the pooled analysis for coccidia were most likely due to an uneven host age distribution with respect
to survival, combined with an uneven distribution of the oocyst counts with rabbit age. The result for T. retortaeformis was
similarly affected but by a seasonal pattern. Parasitism by nematodes and coccidia did not appear to be an important mortality
factor in these rabbit populations, at least at the range of host densities we examined. This suggests that other factors must have

been responsible for the observed pattern of density-dependent regulation in these rabbits.

There is increasing interest in the role of infectious diseases
in regulating their host populations. In order to regulate host
populations, parasites must cause a decrease in survival, or fe-
cundity, or both, and their abundance should increase with in-
creasing host density at least over most of the range in abun-
dance of their hosts (Scott and Dobson, 1989). Current popu-
lation models for macroparasites contain assumptions that dis-
ease agents such as parasites increase host mortality (Anderson
and May, 1979; Roberts et al., 1995), but there have been very
few field studies that have tested this assumption (for discussion
see Gulland [1995]).

In 1992, a field experiment was established to measure the
effect of reducing the fertility of female rabbits Oryctolagus
cuniculus (L.) on rabbit abundance. The experiment was carried
out in the southwest of Western Australia (Twigg et al., 1998).
Twelve discrete rabbit populations were created by a combi-
nation of rabbit-proof fences and maintenance of buffer zones.
Breeding stops (warrens) were confined to areas of native shrub
habitat adjacent to the pasture where rabbits fed. Thus, the ex-
perimental rabbits were living under essentially natural condi-
tions. All rabbits were live-trapped at 4—6 weekly intervals that
allowed for repeated nondestructive sampling of parasite abun-
dance by fecal egg counts. In contrast, most parasitological
studies of wild mammal populations involve the destructive
sampling of hosts for the determination of actual parasite num-
bers by postmortem (e.g., Dunsmore and Dudzinski, 1968; Gul-
land, 1992). Fecal egg counts are effective in detecting patterns
in parasite abundance related to the age and sex of the host and
seasonal differences for Trichostrongylus retortaeformis and
Passalurus ambiguus in European rabbits (Hobbs et al., 1999).
The abundance of coccidia (Eimeria spp.) in rabbit populations
can also be estimated by fecal oocyst output (Hobbs et al.,
1999). These techniques allowed the relationship of parasite
abundance with host survival to be examined for the nematodes
T. retortaeformis, which is suspected of regulating rabbit pop-
ulations (Bull, 1964; Dunsmore, 1981), and P. ambiguus, which
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is considered nonpathogenic (Soulsby, 1982). The relationship
was also examined for the 8 most prevalent species of coccidia
(Eimeria spp.) in these rabbits (Hobbs and Twigg, 1998), some
of which are known to cause mortality in laboratory studies
(Coudert et al., 1995).

MATERIALS AND METHODS

Details of the study area, experimental design, and parasitological
methods are given in Twigg et al. (1998) and Hobbs et al. (1999),
respectively. Rabbit numbers were determined by live-trapping and rep-
resent the minimum number of animals known to be alive (MNKA) at
the site for each collection period. Although host populations were mon-
itored every month, fecal samples were collected only 6 times during
1994-1996. All rabbits were individually tagged. For each collection
period, rabbits were deemed to be survivors if they were known to be
alive for at least 2 mo after the mean collection time (Table I). In the
sterility trial, female rabbits were surgically sterilized by tubal ligation
in the proportion of 0%, 40%, 60%, and 80%, with 3 replicates of each
treatment. Sham operations were included such that 80% of females
received some form of surgery.

We tested the density dependence of survival by regression analysis
of the proportion of rabbits that survived, against rabbit abundance
(MNKA). Each data point corresponds to a single site (rabbit popula-
tion) at 1 collection period. Data points based on less than 10 rabbits
were excluded. Two methods were used to explore the relationship be-
tween parasite abundance and host mortality. The first method used
regression analysis of survival against site means of log-transformed
fecal egg and oocyst counts. The second was based on individual rabbits
and simply compared fecal egg and oocyst counts of survivors to that
of nonsurvivors, regardless of site. Comparisons were made using non-
parametric Mann—Whitney U-tests. Because egg counts of the nema-
todes were found to be influenced by season (Hobbs et al., 1999), and
both coccidian oocyst counts and host mortality were strongly influ-
enced by the age of the host (Twigg et al., 1998; Hobbs et al., 1999),
samples were split by sampling period (time) and rabbit age for further
statistical analysis. Significance levels were set at P =< 0.01.

RESULTS
Survival of rabbits

The estimated survival of rabbits for each age group over the
6 collection periods is shown in Table II. These estimates were
based only on the rabbits included in the parasitological study
from which fecal samples were obtained. Trends in the changes
in rabbit abundance were similar between sterility levels (Fig.
1). Rabbit numbers increased at the end of 1994, declined over
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TaBLE I. Collection dates and the dates used to determine the survival
of rabbits for each of the 6 fecal collection periods.*

Collec- Mean
tion collection Date for

period Collection dates date survival
A 11 Oct-7 Dec 1994 24 Oct 94 1 Jan 95
B 28 Feb-5 Apr 1995 10 Mar 95 1 Jun 95
C 1 Aug-13 Sep 1995 20 Aug 95 1 Nov 95
D 27 Sep—10 Nov 1995 9 Oct 95 1 Jan 96
E 22 Nov-7 Dec 1995 28 Nov 95 1 Feb 96
F 27 Feb-11 Apr 1996 9 Mar 96 20 May 96

* Rabbits were scored as survivors for the collection period if they were known
to be alive at the subsequent survival date.

the first half of 1995, then increased late in 1995 before de-
clining over the summer/autumn of 1996. Survival was gener-
ally highest in adults and lowest in kittens (Table II). Survival
in subadults was slightly higher on average than for Kkittens.
Survival was highest for all age groups in early spring (August)
1995. For the kittens, there was very poor survival from early
summer (November—December) 1995 into late summer 1996, a
time when survival for the other age groups was quite high.
Sites with high rabbit numbers generally had relatively low sur-
vival (Fig. 2), suggesting density-dependent regulation of the
host populations.

Nematode parasites

There was a negative regression of rabbit survival against 7.
retortaeformis egg counts (P = 0.002), but for the nonpatho-
genic P. ambiguus, the slope was positive (P = 0.004) (Fig. 3).
The negative slope found for T. retortaeformis is indicative of
a relationship between infection and mortality. However, closer
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FIGURE 1. Population sizes for each of the samples of rabbits esti-

mated from trapping data (minimum number known alive at that plot
for that collecting period), plotted against mean date of collection. Plots
are labeled according to sterilization regime.

scrutiny of the regression suggests that the relationship may be
due to the seasonality of both infection and rabbit mortality,
rather than a direct effect of parasite abundance on mortality.
Solid points on the graph are late summer samples (March
1995, 1996) where survival of adult rabbits was high and fecal
egg output low, and if these are considered separately, the re-
gression slopes are not significantly different from 0 (summer,
P = 0.661; other, P = 0.055). Conversely, with P. ambiguus
the only samples that had high mean egg counts were the sum-
mer samples, and if summer and other samples are considered

TaBLE II. Comparisons of Trichostrongylus retortaeformis egg counts between rabbit survivors and nonsurvivors.*

. . Sample sizes Geometric mean epg Mann—
Sampling Survival Whitney U
Age group period (%) Nonsurvivors Survivors Nonsurvivors Survivors significance

Kittens 50-699 g A 56 23 29 13.77 6.08 0.093
C 71 26 63 7.06 9.19 0.659

D 37 38 22 7.42 12.78 0.313

E 20 40 10 7.77 13.85 0.427

A-F 49 131 125 7.83 8.99 0.564

Subadults 700-1,199 g A 47 43 38 22.55 20.15 0.639
C 74 8 23 23.93 29.37 0.416

D 62 40 64 22.60 25.92 0.588

E 49 36 34 27.00 25.62 0.893

A-F 56 139 177 19.14 20.42 0.591

Adults >1,199 g A 79 17 63 18.86 13.45 0.378
B 69 35 78 6.61 3.12 0.010

C 90 11 96 19.21 8.73 0.162

D 82 15 69 11.70 13.65 0.559

E 64 43 75 13.63 11.22 0.931

F 83 38 183 8.01 5.26 0.110

A-F 78 159 564 10.76 7.48 0.016

All ages A-F 67 429 866 11.83 9.49 0.020

* Rabbits were scored as survivors for the sampling period if they were known to be alive at the date for survival (see Table I). Age groups were determined by body
mass. Summer samples in kittens and subadults were not tested due to low sample sizes.
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FIGURE 2. Scatterplot and regression line of the proportion of rabbits
that survived versus rabbit abundance (minimum number known alive)
for site and collecting period where there was at least 10 fecal samples.
Dates used in calculating the proportion of rabbits surviving are shown
in Table I.

separately, slopes were not significantly different from 0 (sum-
mer, P = 0.264; other, P = 0.322).

Egg counts of T. retortaeformis for surviving rabbits were
compared with counts of nonsurvivors using nonparametric
Mann—Whitney U-tests. There were insufficient kittens or sub-
adults from the late summer (March 1995, 1996) collections,
but of the remaining 14 comparisons, only 1 produced a sig-
nificant difference (Table II), and that was the case with the
lowest egg counts. There were no significant differences for P.
ambiguus (data not shown).

Coccidian parasites

Regressions of rabbit survival against logarithms of the
means of oocyst counts had significantly negative slopes in 5
species and a positive slope for 1 species (Table III). Significant
regression slopes may have been due to the fact that oocyst
counts differed between age groups (Hobbs et al., 1999). For
all of the coccidia species with negative slopes, abundance was
lowest in adult rabbits. For example, Eimeria intestinalis was
found in very few rabbits older than 4 mo (Hobbs et al., 1999).
Late summer samples (March) had very few young rabbits and,
therefore, low mean abundance of E. intestinalis. Rabbit sur-
vival was also relatively high in late summer. In contrast, Ei-
meria piriformis was more abundant in adult rabbits (Hobbs et
al., 1999), and this could account for the positive slope.

With the more direct approach of comparing oocyst counts
of rabbit survivors and nonsurvivors (Table IV), rabbit mortal-
ity for 5 of the 8 species of coccidia was associated with higher
oocyst counts, when all age groups and sampling periods were
pooled. However, because rabbit survival is lowest in kittens
(Twigg et al.,, 1998), and most species of coccidia are more
abundant in kittens (Hobbs et al., 1999), significant associations
were inevitable and can neither imply nor exclude causality.
Therefore samples were split by age group. Only 1 species (Ei-
meria media) was associated with mortality in subadult rabbits,
and 1 different species (Eimeria perforans) in adults, when
sampling periods were pooled. There were no such associations
in kittens. After samples were further split by collecting period,
because survival differed between collecting periods, very few
associations remained (Table IV), even though sample sizes re-
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FIGURE 3. Scatterplot and regression line of the proportion of rabbits

that survived versus mean of the logarithm of number of (a) Tricho-
strongylus retortaeformis and (b) Passalurus ambiguus eggs per g feces
(epg), for each of the collection periods where fecal samples were col-
lected from at least 10 rabbits per site. Survival dates used in calculating
the proportion of rabbits that survived are given in Table I. The F-
value, significance of the regression slope (P), and r? values are shown
for each graph.

mained quite high. Particularly noteworthy is the similarity of
oocyst counts between surviving and nonsurviving kittens, be-
cause kittens are subject to the greatest mortality. In subadult
rabbits, high counts of E. intestinalis and E. media were asso-
ciated with mortality. In adult rabbits, high counts of E. per-
forans were associated with mortality in late summer (March)

TaBLE III. Slopes, F-values, significance of slope, and r? for the re-
gression of the proportion of rabbits that survived on the logarithm of
means of fecal oocyst counts, for sites and collection periods with sam-
ple sizes of at least 10 rabbits.*

Species Slope F Py r
Eimeria exigua —0.101 1.69 ns 0.032
Eimeria perforans —0.124 6.77 0.012 0.115
Eimeria intestinalis -0.279 10.98 0.002 0.174
Eimeria piriformis 0.213 9.80 0.003 0.159
Eimeria media -0.200 9.38 0.004 0.153
Eimeria flavescens 0.047 0.39 ns 0.007
Eimeria magna —0.144 4.20 0.046 0.075
Eimeria stiedai —-0.147 8.32 0.006 0.138

* Sample size for each of the regressions is 54 cases. Survival dates used in
estimating the proportion of rabbits that survived are given in Table 1.
+ ns = Not significant.
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1995. Although high counts of Eimeria stiedai were also as-
sociated with higher mortality in early summer 1995, only 7
adult rabbits were infected at this period, so the association
must be regarded with some suspicion.

DISCUSSION

Although the abundance of P. ambiguus was not expected to
be associated with rabbit mortality, T. refortaeformis is a known
pathogen of European rabbits (Barker and Ford, 1975). Other
species of Trichostrongylus have also been associated with
mortality, for example in domestic sheep (Gordon, 1950) and
wild red grouse (Hudson et al., 1992). Although Bull (1964)
and Dunsmore (1981) have shown that 7. retortaeformis can
reduce fecundity and weight gain in rabbits, there have been
no field studies that indicate that this species affects survival
of European rabbits. Furthermore Iason and Boag (1988) found
no evidence that T. retortaeformis had any effect on mortality,
fecundity, or weight gain in mountain hares (Lepus timidus) in
Scotland. In our study, rabbit mortality did not appear to be
associated with high egg counts of T. retortaeformis.

In experimental infections, several species of coccidia are
known to cause mortality in European rabbits (Bull, 1958;
Coudert et al., 1995). There have also been claims that coccidia,
particularly E. stiedai, are associated with rabbit mortality in
the wild (Tyndale-Biscoe and Williams, 1955; Bull, 1958;
Dunsmore, 1971). However, these studies were based on de-
structive sampling, so rabbit survival was only able to be in-
ferred. Furthermore, conclusions in these field studies were
based on observations that coccidia were most abundant at the
time of high mortality, particularly in the age group experienc-
ing that mortality. Thus, Bull (1958) and Dunsmore (1971) sug-
gested that E. stiedai would be particularly important in kittens
from litters born late in the breeding season. In our study sit-
uation, Twigg et al. (1998) have shown that late-born Kkittens
suffered increased mortality also. However, we could find no
evidence that oocyst counts were higher in late-born kittens
(Kruskal-Wallis tests, data not shown) or that coccidia were
associated with this reduced survival, with the possible excep-
tion of E. media and E. intestinalis (Table IV). The results
shown in Table IV do indicate that higher oocyst counts of
some species of coccidia are associated with reduced survival
at those times when survival was lower than normal. Thus, it
is possible that E. media caused mortality in subadult rabbits
in late spring 1994, and E. intestinalis in late spring 1995. Sim-
ilarly, E. perforans may have increased mortality of adults in
late summer 1995. We found no evidence that other species
were associated with mortality, and it appears that other factors
may have caused most of the mortality in our study.

The protocol used in the present study that allowed a direct
measure of the association of parasitism with survival was sim-
ilar to that used by Mykytowycz (1962) on an enclosed popu-
lation near Canberra. He was unable to show any differences
in oocyst output between survivors and nonsurvivors on a with-
in-litter basis. For many of his analyses, all species of coccidia
were pooled; however, E. stiedai was the most common species
in his young rabbits. Mykytowycz (1962) did find that the rab-
bits that were disappearing from his site were those at that age
when E. stiedai was most prevalent, but he was able to show
that other factors such as predation and myxomatosis were more
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important causes of mortality. We suggest that other factors
may have caused the mortality patterns in the studies of Tyn-
dale-Biscoe and Williams (1955), Bull (1958), and Dunsmore
(1971).

Parer (1977) found that the highest mortality rate for rabbits
at a site with a drier climate in south-central New South Wales
was in kittens aged 21-30 days old, before the onset of coccid-
iosis, so in that area also, other factors must have been more
important causes of mortality. Other studies in semiarid areas
of Australia have either discounted or ignored parasitism as a
significant cause of mortality (Wood, 1980; Richardson and
Wood, 1982; Wheeler and King, 1985). In a survey of rabbit
population dynamics in Australia and New Zealand, Gilbert et
al. (1987) concluded that while diseases and predators may ex-
ert a large influence on population size in some circumstances,
there was no common pattern across sites.

Coudert et al. (1995) have warned that in rabbits there is no
correlation between oocyst excretion and severity of disease
and have recommended that oocyst counts only be used when
other methods are not available, such as in field studies like
ours. It is quite possible therefore that coccidiosis was a major
mortality factor in our rabbits, but that it was not possible to
detect this using our methods. However, in our study, we could
not demonstrate a clear relationship between parasitism and
host density (Hobbs et al., 1999). We were able to find little
evidence for a relationship between mortality and nematode egg
counts or coccidian oocyst counts. We therefore consider that
factors other than parasitism caused most of the observed mor-
tality.

ACKNOWLEDGMENTS

We thank our numerous colleagues for their assistance with
various aspects of this study, particularly the collection of fecal
pellets. We also thank Ian Robertson and Andrew Thompson
for their helpful comments on the manuscript. This study was
funded by the Agriculture Protection Board, WA (AWA) and
the CRC for Biological Control of Vertebrate Pest Populations
and was conducted under Animal Ethics approval from Agri-
culture Western Australia (91ALS58).

LITERATURE CITED

ANDERSON, R. M., AND R. M. MAyY. 1979. Population biology of infec-
tious diseases. Part I. Nature 280: 361-367.

BARKER, 1. K., AND G. E. ForD. 1975. Development of atrophic enteritis
in the small intestines of rabbits infected with Trichostrongylus
retortaeformis. Journal of Comparative Pathology 85: 427-435.

BuLL, P. C. 1958. Incidence of coccidia (Sporozoa) in wild rabbits,
Oryctolagus cuniculus (L.), in Hawke’s Bay, New Zealand. New
Zealand Journal of Science 1: 289-328.

. 1964. Ecology of helminth parasites of the wild rabbit Oryc-
tolagus cuniculus (L.) in New Zealand. New Zealand Department
of Scientific and Industrial Research Bulletin 158, 147 p.

COUDERT, P, D. Licois, AND E DROUET-VIARD. 1995. Eimeria species
and strains of rabbits. In Guidelines on techniques in coccidiosis
research, J. Eckert, R. Braun, M. W. Shirley, and P. Coudert (eds.).
European Commission Agricultural Biotechnology, Luxembourg,
p. 52-73.

DUNSMORE, J. D. 1971. A study of the biology of the wild rabbit in
climatically different regions in eastern Australia. IV. The rabbit in
the south coastal region of New South Wales, an area in which
parasites appear to exert a population-regulating effect. Australian
Journal of Zoology 19: 355-370.

. 1981. The role of parasites in population regulation of the




808  THE JOURNAL OF PARASITOLOGY, VOL. 85, NO. 5, OCTOBER 1999

European rabbit (Oryctolagus cuniculus) in Australia. In Proceed-

ings of the Worldwide Furbearer Conference, J. A. Chapman and

D. Pursley (eds.). Worldwide Furbearer Conference Inc., Frostburg,

Maryland, p. 654—-669.

, AND M. L. DupzINsKI. 1968. Relationship of numbers of nem-
atode parasites in wild rabbits, Oryctolagus cuniculus (L.), to host
sex, age, and season. Journal of Parasitology 54: 462-474.

GILBERT, N., K. MYERSs, B. D. COOKE, J. D. DUNSMORE, P. J. FULLAGAR,
J. A. GBB, D. R. KING, I. PARER, S. H. WHEELER, AND D. H. WooD.
1987. Comparative dynamics of Australasian rabbit populations.
Australian Wildlife Research 14: 491-503.

GORDON, H. McL. 1950. Some aspects of parasitic gastro-enteritis of
sheep. Australian Veterinary Journal 26: 14-28, 46-52, 65-72, and
93-98.

GuLLAND, E M. D. 1992. The role of nematode parasites in Soay sheep
(Ovis aries L.) mortality during a population crash. Parasitology
105: 493-503.

. 1995. The impact of infectious diseases on wild animal pop-
ulations—A review. In Ecology of infectious diseases in natural
populations, B. T. Grenfell, and A. P. Dobson (eds.). Cambridge
University Press, Cambridge, U.K., p. 20-51.

Hosss, R. P, AND L. E. TwicG. 1998. Coccidia (Eimeria spp.) of wild
rabbits in southwestern Australia. Australian Veterinary Journal 76:
209-210.

s , A. E. ELLIOT, AND A. G. WHEELER. 1999. Factors
influencing the fecal egg and oocyst counts of parasites of wild
European rabbits Oryctolagus cuniculus (L.) in southern Western
Australia. Journal of Parasitology 85: 796-802.

HupsoN, P. J., D. NEWBORN, AND A. P. DoBsoN. 1992. Regulation and
stability of a free-living host—parasite system: Trichostrongylus ten-
uis in red grouse. I. Monitoring and parasite reduction experiments.
Journal of Animal Ecology 61: 477—-486.

IasoN G. R., AND B. BoacG. 1988. Do intestinal helminths affect the

condition and fecundity of adult mountain hares? Journal of Wild-
life Diseases 24: 599-605.

Mykyrowycz, R. 1962. Epidemiology of coccidiosis (Eimeria spp.) in
an experimental population of the Australian wild rabbit, Orycto-
lagus cuniculus (L.). Parasitology 52: 375-395.

PARER, 1. 1977. The population ecology of the wild rabbit, Oryctolagus
cuniculus (L.), in a Mediterranean-type climate in New South
Wales. Australian Wildlife Research 4: 171-205.

RICHARDSON, B. J., AND D. H. Woob. 1982. Experimental ecological
studies on a subalpine rabbit population. I. Mortality factors acting
on emergent kittens. Australian Wildlife Research 9: 443-450.

ROBERTS, M. G., G. SMITH, AND B. T. GRENFELL. 1995. Mathematical
models for parasites of wildlife. In Ecology of infectious diseases
in natural populations, B. T. Grenfell and A. P. Dobson (eds.). Cam-
bridge University Press, Cambridge, U.K., p. 177-208.

Scott, M. E., AND A. P. DOBSON. 1989. The role of parasites in regu-
lating host abundance. Parasitology Today 5: 176-183.

SouLsBy, E. J. L. 1982. Helminths, arthropods and protozoa of domes-
ticated animals, 7th ed. Bailliere Tindall, London, U.K., 809 p.

TwiGG, L. E., T. J. LOoWE, G. R. MARTIN, A. G. WHEELER, G. S. GrAY,
S. L. GrIFFIN, C. M. O’REILLY, T. L. BUTLER, D. J. ROBINSON, AND
P. H. HuBacH. 1998. The ecology of the European rabbit (Oryc-
tolagus cuniculus) in coastal southern Western Australia. Wildlife
Research 25: 97-111.

TYNDALE-BISCOE, C. H., AND R. M. WILLIAMS. 1955. A study of natural
mortality in a wild population of the rabbit, Oryctolagus cuniculus
(L.). New Zealand Journal of Science and Technology B 36: 561—
580.

WHEELER, S. H., AND D. R. KING. 1985. The European rabbit in south-
western Australia. III. Survival. Australian Wildlife Research 12:
213-225.

Woop, D. H. 1980. The demography of a rabbit population in an arid
region of New South Wales, Australia. Journal of Animal Ecology
49: 55-79.



	Contents
	image 1
	image 2
	image 3
	image 4
	image 5
	image 6

	Issue Table of Contents
	The Journal of Parasitology, Vol. 85, No. 5, Oct., 1999
	Front Matter
	Biochemistry-Physiology
	The Fatty Acid and Monosaccharide Compositions of Three Neutral and Three Phosphorylated Glycolipids Isolated from Leishmania donovani Promastigotes Grown in a Chemically Defined Medium [pp.771-778]

	Development
	Developmental Arrest and Pregnancy-Induced Transmammary Transmission of Ancylostoma caninum Larvae in the Murine Model [pp.779-784]

	Ecology-Epidemiology
	Enteric Helminths of Perch (Perca fluviatilis L.) and Yellow Perch (Perca flavescens Mitchill): Stochastic or Predictable Assemblages? [pp.785-795]
	Factors Influencing the Fecal Egg and Oocyst Counts of Parasites of Wild European Rabbits Oryctolagus cuniculus (L.) in Southern Western Australia [pp.796-802]
	Evaluation of the Association of Parasitism with Mortality of Wild European Rabbits Oryctolagus cuniculus (L.) in Southwestern Australia [pp.803-808]

	Ectoparasitology
	New Host and Ocean Records and Remarks on the Morphology and Behavior of Jusheyus shogunus (Copepoda: Siphonostomatoida: Eudactylinidae) [pp.809-814]
	Phylogeny of the Leech Family Glossiphoniidae Based on Mitochondrial Gene Sequences and Morphological Data [pp.815-823]
	Variation in the Density of Questing Ixodes pacificus (Acari: Ixodidae) Nymphs Infected with Borrelia burgdorferi at Different Spatial Scales in California [pp.824-831]

	Functional Morphology
	Spermatogenesis and Spermiogenesis in Microcotyle sp. (Microcotylidae, Monogenea) [pp.832-838]
	Cryptosporidium parvum: Structural Components of the Oocyst Wall [pp.839-849]
	A Revised Arithmetic Model of Long Slender to Short Stumpy Transformation in the African Trypanosomes [pp.850-854]

	Immunology
	A Field Trial of the Effectiveness of a Feline Toxoplasma gondii Vaccine in Reducing T. gondii Exposure for Swine [pp.855-860]
	Longitudinal Cellular Immune Responses in Asymptomatic and Symptomatic Brugia malayi-Infected Indian Leaf Monkey Presbytis entellus [pp.861-866]
	One Fate of Bloodstream Trypomastigote Forms of Trypanosoma cruzi after Immune Clearance: An Ultrastructural Study [pp.867-872]

	Life Cycles-Survey
	Cross-Transmission Studies with Eimeria arizonensis, E. arizonensis-like Oocysts and Eimeria langebarteli: Host Specificity at the Genus and Species Level within the Muridae [pp.873-877]

	Molecular-Cell Biology
	Cold Stress-Induced Modulation of Inflammatory Responses and Intracerebral Cytokine mRNA Expression in Acute Murine Toxoplasmosis [pp.878-886]

	Pathology
	Tissue Damage in the Male Murine Reproductive System during Experimental Taenia crassiceps Cysticercosis [pp.887-890]

	Systematics-Phylogenetics
	Allopodocotyle chiliticorum n. sp. (Digenea: Opecoelidae) from Redlip Shiners, Notropis chiliticus, in Basin Creek, North Carolina [pp.891-892]
	Two New Species of Oochoristica Lühe, 1898 (Eucestoda: Cyclophyllidea: Anoplocephalidae: Linstowiinae) Parasitic in Ctenosaura spp. (Iguanidae) from Costa Rica and México [pp.893-897]
	Spauligodon ovifilus n. sp. (Nematoda: Pharyngodonidae) and Other Helminths from Diplodactylus stenodactylus (Reptilia: Gekkonidae) from Australia [pp.898-902]
	Sarcocystis speeri n. sp. (Protozoa: Sarcocystidae) from the Opossum (Didelphis virginiana) [pp.903-909]
	Structure, Biodiversity, and Historical Biogeography of Nematode Faunas in Holarctic Ruminants: Morphological and Molecular Diagnoses for Teladorsagia boreoarcticus n. sp. (Nematoda: Ostertagiinae), a Dimorphic Cryptic Species in Muskoxen (Ovibos moschatus) [pp.910-934]
	Differentiation of Mexican Species of Haematoloechus Looss, 1899 (Digenea: Plagiorchiformes): Molecular and Morphological Evidence [pp.935-946]

	Therapeutics-Diagnostics
	Detection of Toxoplasma gondii Parasitemia in Experimentally Inoculated Cats [pp.947-951]
	Oral Dosing of Neonatal Mice with Sucrose Reduces Infection with Cryptosporidium parvum [pp.952-955]
	周攠䕦晥捴⁯映䍨汯牯煵楮攠潮⁴桥⁐牯摵捴楯渠潦⁉湴敲晥牯渭γⰠ䥮瑥牬敵歩渠⡉䰩ⴴⰠ䥌ⴶⰠ慮搠䥌ⴱ〠楮⁐污獭潤極洠捨慢慵摩⁣桡扡畤椠楮⁉湦散瑥搠䌵㝂䰶⁍楣攠孰瀮㤵㘭㤶そ

	Research Notes
	Recovery of Trichuris tenuis Chandler, 1930, from Camelids (Lama glama and Vicugna vicugna) in Argentina [pp.961-962]
	Cipangopaludina chinensis malleata (Gastropoda: Viviparidae): A New Second Molluscan Intermediate Host of a Human Intestinal Fluke Echinostoma cinetorchis (Trematoda: Echinostomatidae) in Korea [pp.963-964]
	Hepatic Sarcocystosis in a Horse [pp.965-968]
	Prevalence of Antibodies to Neospora caninum in Horses in North America [pp.968-969]
	呲祰慮潳潭愠捲畺椺⁉湣牥慳敤‵′ⵎ畣汥潴楤慳攠䅣瑩癩瑹⁁獳潣楡瑥搠睩瑨⁄祳晵湣瑩潮⁯映䅤牥湥牧楣⁒散数瑯牳⁩渠䅣畴敬礠䥮晥捴敤⁁汢楮漠卷楳猠䵩捥⁛灰⸹㜰ⴹ㜲�
	呯硯灬慳浡⁧潮摩椺⁄楦晥牥湣攠潦⁉湶慳楯渠楮瑯⁔楳獵攠潦⁄楧敳瑩癥⁏牧慮猠扥瑷敥渠卵獣数瑩扬攠慮搠剥獩獴慮琠却牡楮⁡湤⁉湦汵敮捥⁯映䥆中γ⁩渠䵩捥⁉湯捵污瑥搠睩瑨⁴桥⁃祳瑳⁐敲潲慬汹⁛灰⸹㜳ⴹ㜵�
	Resolution of Six Chromosomes of Trichomonas vaginalis and Conservation of Size and Number among Isolates [pp.976-979]
	Simplified Technique for Isolation, Excystation, and Culture of Sarcocystis Species from Opossums [pp.979-981]
	Conserved Polymerase Chain Reaction Primers Fail in Diagnosis of Parasitic Infections [pp.982-984]
	Helminth Communities in Audouin's Gulls, Larus audouinii from Chafarinas Islands (Western Mediterranean) [pp.984-986]
	偯汹浯牰桩獭猠楮⁴桥 눭呵扵汩渠䝥湥⁯映䍲祰瑯獰潲楤極洠灡牶畭⁄楦晥牥湴楡瑥⁢整睥敮⁉獯污瑥猠䉡獥搠潮⁁湩浡氠䡯獴⁢畴⁎潴⁇敯杲慰桩挠佲楧楮⁛灰⸹㠶ⴹ㠹�
	Attempted Chemoprophylaxis of Cryptosporidiosis in Chickens, Using Diclazuril, Toltrazuril, or Garlic Extract [pp.989-991]

	In Memoriam
	James Desmond Smyth, Honorary Member, ASP [pp.992-993]

	Back Matter



