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Abstract

The New England cottontail rabbit (NEC, Sylvilagus transitionalis) population has decreased dramatically in New York, USA,
and the role of parasites in limiting the population has never been examined. The closely related and sympatric eastern cottontail
rabbit (EC, Sylvilagus floridanus) was introduced into the range of NEC by humans and is currently thriving. This study aimed to
investigate gastrointestinal parasites of the NEC and the EC and compare their parasite communities. Fecal pellets from 195 NEC
and 125 EC were collected from the Hudson Valley, New York, in the winter of 2013-2014. Centrifugal fecal floats were
performed in Sheather’s sugar solution, and parasite ova and cysts were examined microscopically to identify gastrointestinal
parasites present. For all pellets combined (n = 320), 91% were found to harbor at least 1 parasite species, with Eimeria species
being the most common. Genetic analysis of pellets using microsatellite DNA identified 248 individual rabbits, with parasite
prevalence (94%) similar to the prevalence estimate based on all pellets (91%). EC samples had a significantly higher (p < 0.05)
parasite species richness (1.73, range 0—4) than NEC (1.20, range 0-3). EC and NEC shared 3 moderate to high (9—-89%)
prevalence parasites, in which EC prevalence was consistently higher. One parasite species was only found in NEC, and two
were only found in EC, but the majority of these were of low abundance, precluding further statistical analyses.
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Introduction

The New England cottontail rabbit (NEC), Sylvilagus
transitionalis, is an early successional forest (e.g., shrub thick-
et) obligate lagomorph that is native to the Northeastern
United States (Litvaitis 2001). Extensive clearing of the north-
eastern landscape for agriculture beginning in 1875 and the
later abandonment of those farms led early successional forest

This study represents the first parasitological study of cottontail rabbits in
New York.
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to dominate the landscape by 1950 (Litvaitis 1993; Trani et al.
2001). The maturation and human development of early suc-
cessional forest has led to a drastic reduction in NEC popula-
tion size since 1960 (Linkkila 1971; Jackson 1973; Fenderson
et al. 2011). Additionally, a closely related competitor, the
eastern cottontail rabbit (EC), Sylvilagus floridanus, was in-
troduced in the range of NEC in the 1930s by humans and is
now thriving there (Chapman and Morgan 1973). The NEC is
classified as “vulnerable” by the International Union for
Conservation of Nature (IUCN), with its population size de-
clining by 50% or greater across its range over the last 10 years
(Barry et al. 2008). In New York, the NEC is listed as a species
of “Special Concern” (NYDEC 1999).

Eastern cottontails were introduced to the Northeastern
United States in the 1930s for hunting (Probert and Litvaitis
1996). They are able to use smaller and more fragmented
landscapes than NEC, as well as those modified by human
use (Smith and Litvaitis 2000; Litvaitis 2001). Eastern cotton-
tails tend to exploit new early successional habitat more quick-
ly than NEC (Litvaitis et al. 2008) and are generally not
displaced by NEC (Probert and Litvaitis 1996); thus, the two
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species are found to co-occur in many areas with EC being
more abundant. NEC and EC are very similar in appearance
and genetic confirmation is typically necessary for species
identification.

Parasites of EC have been studied since the late nineteenth
century and are relatively well known (Jacobson et al. 1978;
Bertolino et al. 2010; Tizzani et al. 2014). Nematodes found in
previous studies with the greatest prevalence include
Passalurus ambiguus, Trichostrongylus calcaratus,
Obeliscoides cuniculi, Dermatoxys veligera, and Vexillata
noviberiae (Clancy et al. 1940; Erickson 1947; Wiggins
et al. 1980). Cestodes found in greatest prevalence include
Mosgovoyia spp. and Cittotaenia spp. and the most common-
ly found trematode found in EC in Pennsylvania was
Hasstilesia tricolor (Wiggins et al. 1980). On the other hand,
NEC gastrointestinal parasites have not been studied in depth,
and not at all since the major decline of the species. A study in
1940 found that NEC in Connecticut carry O. cuniculi,
P. ambiguus, Cittotaenia variabilis, Taenia pisiformis, and
coccidia (Clancy et al. 1940). Given the current concerns for
conservation of the NEC, our understanding of the parasites of
this species, and their potential impacts, is woefully lacking.
The concern is that infectious diseases, parasites among these,
may be contributing in part to the decline of the NEC.

Our objective was to undertake a survey of the gastrointes-
tinal parasites of the native NEC and invasive EC in the
Hudson Valley, New York. Specifically, we sought to deter-
mine what parasites are present, and whether the same para-
sites occur in both host species. Our results would serve as a
baseline for further study of the role of parasites in the popu-
lation dynamics of these sympatric competitors.

Materials and methods

This study was conducted in conjunction with our seasonal
cottontail rabbit monitoring, in the Hudson Valley, New York,
at nine sites located in Putnam, Dutchess, and Columbia
counties (Fig. 1). Between 11 December 2013 and 27
February 2014, 320 fecal pellets were collected from transects
spanning each site, 50 m apart to reduce non-independent
samples. Samples were collected within two to five days fol-
lowing each snowfall, to prevent DNA degradation and facil-
itate parasite egg recovery (Kovach et al. 2003). Immediately
following collection, half of the pellets collected in each sam-
ple were stored at —20 °C, and the others at 4 °C for subse-
quent DNA analysis and fecal flotations, respectively. Host
species identification was carried out using a restriction frag-
ment length polymorphism analysis targeting the mitochon-
drial DNA (Kovach et al. 2003). Briefly, a quarter of a rabbit
pellet was digested and extracted using the QIAamp Fast
DNA Stool Mini Kit (Qiagen, Valencia, California) according
to manufacturer’s instructions. The target sequence (D-loop of
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mitochondrial DNA) was amplified using primers of Kovach
et al. (2003) and digested with NIalll restriction endonuclease
(New England Biolabs, Ipswich, Massachusetts). Any individ-
ual sample producing a cutting pattern not clearly identified as
EC was also cut with Bfal restriction endonuclease (New
England Biolabs) to distinguish EC from NEC (Litvaitis and
Litvaitis 1996). To obtain individual identities for pellet samples
identified as New England cottontail, 10 microsatellite loci from
Fenderson et al. (2011) and King et al. (2017) were used
(INRA16, INRA326, Lsal, Lsa8, Sat12, StrQ2, StrQl15,
StrQ18, StrQ32, StrQ46). These were amplified and run in mul-
tiplex, using a multiple tubes approach (Frantz et al. 2003), re-
amplifying each sample until the same genotype was observed at
least twice or until amplification at that locus had been repeated
five times (Cheeseman et al. 2019). If a consensus genotype
could not be determined after five amplifications, those samples
were removed from further analyses. The sex-specific marker
INRA326 was scored as a binary (M/F); this marker was includ-
ed in determination of individual identity but otherwise not in-
cluded in analyses. PCR products were analyzed using a 3730xI
96-Capillary Genetic Analyzer (Applied Biosystems, San
Francisco, CA), and alleles were manually scored using Peak
Scanner 1.0 (Applied Biosystems, Foster City, CA). A similar
approach was taken with pellets identified as EC, but using the
following 12 microsatellite loci of King et al. (2017): StrQ2,
StrQ7, StrQ11, StrQ15, StrQ18, StrQ20, StrQ26, StrQ32,
StrQ41, StrQ43, StrQ44, StrQ46.

For parasitological analysis, centrifugal fecal floats were
performed, using the pellets stored at 4 °C, in Sheather’s sugar
solution (1.33 specific gravity, determined by densitometer).
On average, floats were performed using 2.2 g of pellets, but
where pellet piles did not permit, we exhausted the samples
available to us. Microscopic examination was used to identify
and count parasite species in each sample. Parasite ova and
apicomplexan oocysts were photographed and identified mor-
phologically. Ova were categorized based on size and overall
appearance. Subsequently, each sample was compared with
existing records of cottontail parasites (Clancy et al. 1940;
Levine 1968; Wiggins et al. 1980; Schoeb et al. 2007) and
assigned to the lowest possible taxonomic rank. For Eimeria
species observed, most of the oocysts were unsporulated,
making morphological identification to species difficult.
Typically, identification would rely on morphological mea-
surements of sporulated oocyst features (Duszynski and
Wilber 1997; Bertolino et al. 2010), but these could not be
observed in our samples, and we categorized them all as
Eimeria spp. for the purposes of this study.

Parasite species richness, S (Whittaker 1972), was calcu-
lated for each rabbit sample. Within the two species EC and
NEC, S was found to be non-normally distributed, so differ-
ences between the distributions were assess using a non-
parametric Mann-Whitney U test (equivalent to a Wilcoxon
rank sum test with continuity correction) in program R (R
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Fig. 1 Locations of nine field
sites in the Hudson Valley, New

York
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Core Team 2013). Parasite prevalence was calculated as the
proportion of hosts infected with a particular parasite species
(Bush et al. 1997); mean prevalence and confidence intervals
are reported in Table 1. Mean counts per sample were calcu-
lated based on average counts (of eggs, oocysts, etc.) per all
hosts, both infected and uninfected. To achieve this, the total
counts were divided by the total number of samples.

Results

Of the 320 cottontail fecal samples, 125 were identified as EC,
and 195 were NEC. Two hundred and ninety-two of the 320
cottontail fecal samples (91%; 95% CI 87.6-93.9) were found to
have at least one species of parasite. On average, 2.2 g of cot-
tontail pellets were used in each fecal float. Of the 28 fecal
samples that were not found to contain any parasites, 13 of the

floats used less than 1 g of feces. Based on individual genetic
identification using microsatellite DNA, the 320 pellets repre-
sent 248 rabbits, with 139 NEC and 109 EC. Overall, 232 of
248 rabbits (93.6%; 95% CI 89.8-96.0) had at least one parasite.
Ova were categorized based on previous studies of cottontail
rabbits, range of dimensions, and overall appearance. More than
six species of parasites were detected in the sample set (Table 1),
including five nematode species, and several protozoan parasite
species (different Eimeria species). Evaluating the parasite prev-
alence based on rabbits rather than samples resulted in similar
estimates of prevalence (Table 1). The average parasite species
richness of all samples was 1.40, with an average richness of
1.20 in NEC (range 0-3) and 1.73 in EC (range 0—4). Shapiro-
Wilk tests for normality showed that neither EC nor NEC dis-
tributions of S were normal (NEC: W=0.769, p <0.05; EC:
W=0.823, p<0.05). A Mann-Whitney U test indicated the
two were significantly different (W= 17,197, p <0.05).

@ Springer



2260

Parasitol Res (2019) 118:2257-2262

Table 1  Parasite prevalence (P) based on sample (all pellets) and
prevalence by rabbit (as determined genetically), and mean counts per
sample (MC/s) with overall range of counts. Values were calculated for

both New England cottontail (NEC) and eastern cottontail (EC). Mean
counts are determined across all hosts (infected and uninfected)

Parasite species Cottontail species p (sample)

No. samples (%, 95% CI)

p (rabbit) MC/s (range)
No. samples (%, 95% CI)

Nematoda
Obeliscoides cuniculi NEC 18 (9.2%, 6-14%) 14 (10%, 6-16%) 0.83 (0-26)
EC 20 (16%, 11-24%) 19 (17%, 11-26%) 3.92 (0-113)
Nematodirus sp. NEC 1 (0.5%, 0.1-2.8%) 1 (0.7%, 0.1-4%) 0.01 (0-1)
EC 0 (0%, 0-2%) 0 (0%, 0-3%) 0
Trichostrongylus sp. NEC 42 (22%, 16-28%) 35 (25%, 19-33%) 0.98 (0-48)
EC 70 (56%, 47-64%) 63 (58%, 48—67%) 7.56 (0-90)
Passalurus ambiguus NEC 0 (0% 0-2%) 0 (0%, 0-3%) 0
EC 8 (6.4%, 3-12%) 8 (7%, 4—14%) 1.68 (0-186)
Graphidium strigosum NEC 0 (0%, 0-2%) 0 (0%, 0-3%) 0
EC 7 (5.6%, 3—-11%) 7 (6%, 3—-13%) 1.07 (0-44)
Protozoa
Eimeria spp. NEC 172 (88%, 83-92%) 128 (92%, 86-96%) 958 (0-11,138)
EC 111 (89%, 82-93%) 99 (91%, 84-95%) 1894 (041,874)

Based on overall appearance, size, and a comparison with
the literature, we were able to categorize some ova to
genus or species (Table 1). The species were as follows,
with size ranges (length and width in pm) following
each: Obeliscoides cuniculi (81-88 x 39-47), Passalurus
ambiguus (105-123 x 44-54), Graphidium strigosum (84—
92 x37-43), and a Nematodirus species (143 x 96) and
Trichostrongylus species (73—81 x 38—45). One parasite
species (Nematodirus sp.) was found exclusively in
NEC samples, while two parasite species (Passalurus
ambiguus and Graphidium strigosum) were found exclu-
sively in EC samples (Table 1). The Trichostrongylus
species, O. cuniculi, and Eimeria species were shared
by both hosts, an in all cases, EC had higher mean counts than
NEC (Table 1).

Discussion

In this study, 94% of all rabbits, and 91% of pellet samples,
harbored at least 1 species of parasite, a similar percentage to
those reported in previous rabbit studies. The 1940 study of
NEC in Connecticut found 89% were infected with at least 1
parasite (Clancy et al. 1940), while another study of EC in
Kansas showed parasites in 63% of cottontails (Franklin
et al. 1966). Parasite communities of NEC in this study were
similar to the Clancy et al. (1940) study, although we found a
greater number of parasite species. In Connecticut, coccidia
were found in only 67% and 62% (west and east Connecticut,
respectively) of NEC compared with our 88% for NEC;
coccidians were found in 73% and 69% of EC in west and
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east Connecticut, respectively, compared with our 89% for
EC. The Connecticut study found P. ambiguus in NEC only
(8% and 27%, west and east Connecticut, respectively; Clancy
et al. 1940), whereas we found this parasite at a low preva-
lence in EC only. Prevalence of Obeliscoides cuniculi was
lower in our study, which may be attributed to seasonal vari-
ation, as our samples were collected only from December
through February (to facilitate genetic analyses) and it is
known that incidence and severity of O. cuniculi decrease
significantly in the winter (Clancy et al. 1940). Other differ-
ences between this and the 1940 study on NEC may stem from
differences in host population size and distribution, as the
significant decline (nearly 75%) in NEC population occurred
by 1960 (Litvaitis and Litvaitis 1996) and it is also possible we
are seeing a shifted parasite community in NEC due to altered
ecosystems as was seen in eastern cottontails following brush
treatments in Oklahoma, USA (Boggs et al. 1990). Habitat
fragmentation specifically can lead to both the introduction
of new parasites to an area and increased pathogenicity of
those parasites (Holmes 1995).

In some cases, parasitism has been shown to limit mammal
populations (Pedersen and Greives 2008) but little is known of
the diversity of NEC parasites, how the historic environmental
context of NEC may have altered parasite diversity or abun-
dance, or how these changes may affect transmission of para-
sitic diseases. Although most cottontails in our study were
parasitized, potential impacts of these parasites are difficult
to predict because egg and oocyst counts are not necessarily
indicative of burdens within the host (Anderson and Schad
1985). The purpose of identifying parasites in these rabbits
was to explore whether the prevalence or parasite species were
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of concern and meriting further study; it is worth noting the
potential pathogenicity of the identifiable parasites we found.
The disease associated with Eimeria spp. infections is variable
and depends on age of host, exposure, and parasite species
involved (Duszynski and Couch 2013). At very high burdens,
these parasites cause coccidiosis which can be accompanied
by weight loss (Lello et al. 2005), diarrhea, blood in feces,
dehydration, decreased breeding in rabbits, and death in ex-
treme cases. Younger rabbits are generally more susceptible to
these effects (Duszynski and Couch 2013). Based on mor-
phology of oocysts, Eimeria species we believe to have been
found include but are not limited to Eimeria magna, Eimeria
neoleporis, Eimeria perforans, and Eimeria irresidua.
Infections by Trichostrongylus spp. have been associated with
weight loss and mortalities in experimental infections, and
some natural infections subclinical despite large worm bur-
dens (Schoeb et al. 2007). With Obeliscoides cuniculli,
Sollod et al. (1968) noted mild pathogenicity in white rabbits,
and another study described poor reproduction in rabbits that
were coinfected with both O. cuniculi and P. ambiguus
(Diiwel and Brech 1981). In wild snowshoe hares, Murray
et al. (1997) reported that predators disproportionately killed
hares with higher burdens of O. cuniculi relative to hares with
lower parasite burdens. Furthermore, under certain conditions,
hares treated with ivermectin had better survival than untreat-
ed hares (Murray et al. 1997), although this could be due to
one or more parasites, and not just O. cuniculi.

In this study, we presented the first comprehensive
survey of NEC gastrointestinal parasites, in the context
of a sympatric invasive congeneric, EC, in New York
State. Future work will genetically confirm gastrointes-
tinal parasite IDs and distinguish Eimeria spp. to under-
stand potential pathogenicity and resolve further inter-
specific host overlap.
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