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Abstract

:

Surveillance of endoparasites at the host community level is rarely reported for ungulates. Yet, changes in the composition and abundance of species in ungulate assemblages, coupled with environmental and climate change, bring into focus the need for baseline data on endoparasite occurrence in host species at the community level. We investigated the prevalence and intensity of eggs of endoparasites in feces of a dynamic boreal ungulate community in Yukon, Canada, that included reintroduced bison (Bison bison), as well as introduced elk (Cervus canadensis), naturally colonizing mule deer (Odocoileus hemionus), and resident populations of caribou (Rangifer tarandus), moose (Alces americanus), and thinhorn sheep (Ovis dalli). We also examined the change in endoparasite prevalence and intensity in bison fecal samples collected eight years apart. The prevalence of eggs detected in feces differed across species for most endoparasite groups. We also provide new records of several endoparasites in novel hosts or new geographic records. We detected a substantially greater prevalence and intensity of trichostrongyle-type eggs in bison feces between samples collected eight years apart. Our data emphasize the need for targeted pathogen surveillance programs to monitor the movement of various ungulate and associated endoparasites. This is particularly pertinent since our data potentially supports evidence for the continued northward expansion and host switching of protostrongylid species, which may have health implications for animals at a new interface.
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1. Introduction


Ungulates are often culturally and economically important to local people and key constituents in local food webs. Changes in endoparasite interactions have the potential to influence host species at both individual and population levels. The impacts of endoparasites on ungulate hosts range from inconsequential to severe morbidity and mortality [1], and these impacts can vary among host species. Endoparasitic infections can present as a component of multifactorial interactions that impact population health and survival in ungulate populations [2,3,4]. As such, monitoring the prevalence and intensity of endoparasites in ungulates is of importance, particularly when the host species composition and abiotic environment is subject to rapid climate and landscape changes.



Our knowledge of the prevalence and intensity of endoparasites in ungulates is often based on investigations of a single host species. Many endoparasites have specific host species required to complete their life cycle (host-specific). However, host species do not often occur in isolation, as they are typically part of an assemblage of species occupying similar habitats or utilizing similar food resources, which may facilitate the transmission of generalist parasites across species. Thus, transmission between species may impact whole communities [5]. Therefore, the composition and history of a complex ungulate host community can impact the prevalence and intensity of endoparasites among community members. Ungulate communities can be dynamic in their species composition, with changes in species resulting from natural or human activities that add or remove wild or domestic species to local assemblages [6,7].



The ungulate community in southwestern Yukon, Canada, has been particularly dynamic over the last 35–70 years [6,7]. Resident species, such as caribou (Rangifer tarandus), moose (Alces americanus), and thinhorn sheep (Ovis dalli), share a landscape with relatively “new” species, including bison (Bison bison), elk (Cervus canadensis), and mule deer (Odocoileus hemionus). Bison were reintroduced to the region in the late 1980s as part of a national recovery program for an endangered species [8,9], elk were introduced in the 1950s to increase ungulate species available to local hunters [10], and mule deer naturally colonized the region from the Rocky Mountains, beginning in the 1950s [11]. Wildlife managers and local people that use these species lack information on how endoparasite prevalence or intensity differs among ungulate hosts in this dynamic ungulate community.



Moreover, climate change is expected to have a range of effects on the endoparasites that exist in northern ecosystems, including, but not limited to, range expansion of more southerly endoparasite species [12,13,14,15,16], increases in endoparasite diversity [13,16], enhanced environmental parasite survival, and prolonged infective seasons. These changes have the potential to result in heavier endoparasite burdens, and potentially pathogenic effects, in host species [12,13,17]. For many northern ungulates, climate change may also be significantly changing host–protostrongylid species interactions [12], as has been seen with Umingmakstrongylus pallikuukensis, the nematode lungworm of muskox (Ovibos moschatus) [16,18]. Both the northward expansion of hosts carrying novel endoparasites and the anthropogenic translocation of non-native species are particularly concerning when considering aberrant hosts—hosts in which parasites are not adapted with potential for increased impacts on host health [19]. Evaluating and establishing the prevalence and intensity of endoparasites is important for comparing against future changes in the ranges of host species, endoparasite emergence, and host-switching events.



Considerable effort has been expended in recent decades on reintroducing bison to their native range. However, there has been concern regarding the reintroduction of bison (as well as that of elk and deer) impacting access to food and habitat resources as well as the health of resident ungulates, such as moose, caribou, and sheep [6,7,8,9]. This concern, coupled with that of climate change impacts, suggests that the surveillance of endoparasites across species within the ungulate community is of interest. Thus, the aim of our study was to approximate the prevalence and intensity of fecally-shed endoparasites among hosts in an ungulate community that included reintroduced bison. An ancillary objective of our study was to compare short-term changes in the prevalence and intensity of fecal endoparasites in bison specifically over eight years.




2. Materials and Methods


Our study area was located within the distributional range of the Aishihik bison population, a reintroduced population located in southwestern Yukon, Canada [7,8,20]. Our 8000 km2 study area was within the Boreal Cordillera Ecozone [21], which was semi-arid and characterized by short, cool summers and long, cold winters. Vegetative cover primarily consisted of alpine tundra and, at lower elevations, boreal forest dominated by white spruce (Picea glauca) or trembling aspen (Populus tremulodies). Bison, caribou, moose, and thinhorn sheep were common and widely distributed across our study area. Elk, mule deer, and semi-feral horses (Equus ferus) also occurred in our study area, but these species were localized and occurred at low densities [6,7]. Mountain goats (Oreamnos americanus) occurred within 25km of our study area, but none had been observed within the bison range during >20 years of survey effort [7].



We collected fecal samples (>100 g each) from the ground from six ungulate species (Table 1) within our study area, including bison (n = 83 fecal samples), caribou (n = 38), moose (n = 139), thinhorn sheep (n = 35), elk (n = 9), and mule deer (n = 4; Figure 1). Sample sizes were imbalanced and reflected, in part, the relative abundance of these species in our study area and the difficulty of finding fecal samples in a remote landscape with limited access. During late February and March 2010, we used a helicopter to locate fresh tracks in the snow of the target species and follow them to feeding or bedding areas. We easily identified species that deposited the feces based on the size and shape of the feces [22], as well as the tracks and other signs (e.g., bedding and feeding sites) left in the snow [7]. In the case of sheep and deer, habitat was also used to identify the species that left the feces, with sheep pellets found in high alpine habitats and deer pellets found in low-elevation forests. We collected up to six samples from each site. At each site, we walked a loose transect through which a group of animals had spent time feeding, resting, and defecating. To attempt to obtain samples from different individuals, we collected a single sample every 10–15m to avoid the chance of sampling the same animal twice. Sampling occurred broadly across our large study area, except for elk, whose population was localized. We did not know the sex or age class of animals that deposited the samples. Fecal collections were non-invasive so permits from animal care committees or the government wildlife management agency were not required.



Samples were frozen when collected in the field and stored frozen at −20°C until processed in the lab. The collection and storage of frozen fecal samples is a routine practice for studies examining the endoparasites of northern ungulates. Many wild ungulates are only sampled by management agencies for various pathogens in winter, so our results may be compared to those of other studies on other northern ungulates where fecal samples were collected similarly. For instance, frozen fecal samples collected in winter on top of the snow have been used in numerous studies of northern ungulates, including muskox, sheep, caribou, and moose [12,18,23,24,25,26]. Additionally, protostrongylid nematodes of Arctic ungulates, such as caribou and muskox, have been shown to have high freezing survival [27,28]. It is important to note that our aim was not a precise identification and quantification of the intensity of endoparasites in our study species, which may be affected by using frozen versus fresh species or the timing of sample collection [28]. Rather, we aimed to provide a robust comparison of the relative prevalence and intensity across our study species using samples collected at the same time of year and subject to the same collection and storage protocols; thus, eliminating bias in our set of samples.



In 2019, fecal samples were analyzed for gastrointestinal nematode eggs and coccidian oocysts using a modified Wisconsin double centrifuge technique as previously described [29]. Nematode (generic trichostrongyle, nematodirid, Moniezia sp., Trichuris sp.) eggs were identified to family or genus level based on morphology and then counted to a maximum of 1000. After this number, the total number of eggs per slide was estimated based on the extent of the slide covered; for example, 1000 eggs at 50% of the slide was estimated to be equal to 2000 eggs across the entire slide. Fecal egg counts were calculated by dividing the total number of eggs per sample by the grams of feces. Coccidian oocysts (Eimeria spp.) were identified by morphology to genus and categorized with the following classification system: 0 = 0 per slide; 1+ = 1–50; 2+ = 51–250; 3+ = 251–1000; 4+ = >1000. Additionally, all sheep, caribou, mule deer, and elk fecal samples were analyzed for first stage (L1) of lung or muscle-dwelling protostrongylid nematodes (spike-tailed larvae of Protostrongylus or Orthostrongylus spp. and dorsal-spined larvae of Parelaphostrongylus or Varestrongylus spp.) using a quantitative beaker Baermann technique [30]. In samples where > 1000 larvae were estimated upon visualization of the sample in a petri dish, three aliquots of 50 microliters were removed with a micropipette after swirling the petri dish. The number of larvae from each aliquot was counted and averaged across the three aliquots, and then larvae per gram of feces was calculated based on the post-centrifugation sample volume and the number of grams of feces. All elk samples were analyzed for trematode eggs using a Flukefinder® modified trematode sedimentation procedure (Flukefinder®, Soda Springs, ID, USA). The fecal intensity for each sample was calculated by dividing the number of eggs or larvae by the number of grams of feces, usually 5 g, to calculate the eggs or larvae per gram of feces (EPG or LPG). Prevalence was calculated as the percentage of samples that were positive. Both the median and mean fecal intensity were calculated only for positive samples (i.e., we did not include 0 values).



To examine changes in the prevalence or intensity of endoparasites in bison specifically, we collected additional bison fecal samples in late winter 2018 using the same field sampling strategy as that of late winter 2010. Laboratory analyses of the 2018 bison samples (n = 87) occurred in 2019, at the same time as for the 2010 bison samples (n = 83).




3. Results


Overall, we found differences in the prevalence among all ungulate species for most endoparasite groups (Table 1). For instance, dorsal-spined protostrongylid larvae were found in only one caribou sample (Table 1). Elk samples were negative for trematode eggs, and all deer samples were negative for all endoparasite species (Table 1). We found a higher prevalence of cestodes (i.e., Moniezia sp.) in bison (27 of 83 samples; 33%) than in any other ungulate species.



The intensity of fecal endoparasites varied between species (Table 2). Most striking was the intensity of spike-tailed larvae (most likely Protostrongylus stilesi) in sheep feces (Figure 2), which was almost 10 times that in any other species. Cestodes were substantially greater in moose than in any other species of ungulates in our study area. The mean intensity of trichostrongyles, nematodirids, and Trichuris sp. was low among all ungulate species (Table 2). Protostrongylid larvae/gram ranged from 0.6 to 1675.6 in thinhorn sheep, and cestodes eggs per gram of feces ranged from 0.2 to 250 in moose (Table 2). Coccidian oocysts (Eimeria spp.) were observed in 2/38 caribou samples (5.3%), both at the lowest intensity category (1+). A similar prevalence (4/83 samples [4.8%]) of Eimeria spp. oocysts was found in our 2010 bison samples, with an intensity category for three of these samples being 1+ and the other being 2+.



Our results from bison fecal samples collected in 2010 compared to 2018 were generally similar, with the notable exception of trichostrongyles, where prevalence increased from 1% to 93% over the 8-year period (Table 3). The intensity of trichostrongyles in bison fecal samples also increased substantially over 8 years (Table 1). We observed a trivial change (<5%) in the prevalence of Trichuris sp. and Eimeria sp. While there was no change in the prevalence of cestodes in bison fecal samples over the two years, we observed a 32% increase in the intensity of infection between 2010 and 2018 (Table 3).




4. Discussion


We provide data on the prevalence and intensity of endoparasites observed in fecal samples from a dynamic ungulate community in northern Canada, several decades after the reintroduction of bison and elk to the region and following the natural range expansion of mule deer into the region. Studies of endoparasite infections in ungulates at the community level are rare. Our key finding was that the prevalence and intensity of endoparasites differed among members of this ungulate community. Our snapshot of endoparasite occurrence among species in this assemblage may serve as a baseline and can be used to examine differences between species and assess changes in the future.



With respect to comparisons within this dynamic community, prevalence differed significantly across species for all endoparasite groups. Notably, caribou had the highest prevalence of trichostrongyle (most likely Teladorsagia spp.), moose and thinhorn sheep had a relatively high prevalence of nematodirids (most likely Nematodirus spp.), and sheep had a relatively high prevalence of Trichuris spp. (whipworm). Species of Nematodirus are pathogenic in domestic sheep, but their impact on thinhorn sheep is not known. Dorsal-spined larvae (most likely Varestrongylus eleguneniensis or Parelaphostrongylus andersoni) were found only in caribou feces. Molecular identification would be needed to determine if generalist species of endoparasites were universally found across host species in our study area (e.g., trichostrongyles, nematodirids, and cestodes). However, our study suggests that some species of parasites are more host-specific within this region (e.g., Trichuris sp., Eimeria sp., protostrongylid larvae, and dorsal-spined larvae).



Another key finding of our study is that we also provide new host and geographic records for particular endoparasites in several ungulate species in the Yukon, including Moniezia sp., particularly commonly found in our bison samples. Anoplocephalid tapeworms such as Moniezia sp. are generally widespread across southern North America, but further species-level molecular classification is necessary to understand their impacts on natural and emerging hosts in northern ecosystems [16]. Moniezia sp. can cause diarrhea and reduced weight gain in young domestic sheep [30], and heavy burdens appear to have been the cause of death in some muskox calves [31]. Thus, better understanding the extent of infection of this and other tapeworms may be valuable in understanding population level health impacts in bison and other ungulates that share habitat with them.



The spike-tailed protostrongylid larvae that we identified in caribou and elk are likely Orthostrongylus macrotis, which has not to our knowledge been reported this far north in Canada (but see [32]). Adults of O. macrotis inhabit airways and produce spike-tailed protostrongylid larvae and are usually reported from mule deer and pronghorn (Antilocapra americana) [33,34,35,36]. Less commonly, they have been documented in moose in Alberta [37] and elk in Wyoming [38]. Colonization of new hosts by similar multi-host lungworms has been documented and attributed to climate change [16,39,40,41,42]. At this time, very little is understood about the ecology and pathological impacts of O. macrotis on its hosts, particularly those that are incidental or aberrant hosts of this normally trachea- and bronchi-dwelling lungworm [16,32].



We propose two potential hypotheses for the presence of spike-tailed protostrongylid larvae in feces of elk and caribou in the Yukon. First, the movement of mule deer northward or deliberate introduction of elk could have brought O. macrotis into contact with caribou [31]. Elk introduced to the Yukon were not tested for endoparasites prior to their translocation, underscoring the need to test for pathogens, including endoparasites, prior to the translocation of ungulates to prevent “pathogen pollution” [43]. Second, though less likely based on known host predilections, it is possible that these are larvae of Protostrongylus stilesi from thinhorn sheep. This parasite has spilled into muskox from thinhorn sheep in Alaska, secondary to muskox reintroduction in the Brooks Range [44]. Without genetic analysis, we cannot know definitively which protostrongylid species has colonized elk and caribou in the Yukon and if this colonization has been persistent.



Interestingly, while we found Protostrongylus spp. spike-tailed larvae in our thinhorn sheep samples, we did not identify DSL of Parelaphostrongylus odocoilei. Prevalences of DSL of P. odocoilei were 91% and 100% in thinhorn sheep from Faro and Kluane National Park, Yukon, although not present in Ivaavik National Park, much further north in Yukon [45]. It is possible that DSL of P. odocoilei had decreased survival when stored at −20°C compared to those of Protostrongylus spp.; however, we did recover DSL from other hosts in our study. Prevalences for Protostrogylus spp. approaching 100% are also not uncommon across the northern range of thinhorn sheep and in the Yukon range from 56% to 100% [45]. Protostrongylus rushi was also found in a single, preserved thinhorn sheep specimen [46]. Larvae of both Protostrongylus and Parelaphostrongylus migrate through the lungs, where they can cause hemorrhage and inflammation, and have been implicated in multifactorial pneumonia in wild sheep. Fecal examination for lungworm larvae is not sufficient for predicting the extent of associated disease in thinhorn sheep, as larval counts poorly reflect the extent of lung involvement of these parasites [47]. Overall, the population-level impacts of infections with lungworm and co-infections with lung- and muscle-worm on thinhorn sheep are unknown.



Our caribou samples had a lower prevalence of DSL (3%) compared to previous studies. This may, again, reflect both prolonged freezing at −20°C, the time of year of sampling (protostrongylids often peak in spring and fall, not late winter), or a genuinely low prevalence in this caribou population. DSL have been reported in other caribou populations in the Yukon, with prevalences of 47% and 29%, respectively [5]. The DSL species identified previously in the Yukon were Parelaphostrongylus andersoni and Varestrongylus sp. [5]. Caribou in the Northwest Territories (NWT) had a DSL prevalence of 5.7% [48]. Parelaphelostrongylus odocoilei has also been identified in caribou in the NWT [45]. Our results are consistent with a low (zero) prevalence of DSL in moose and elk [16,38,49]. We did not conduct a Baermann examination for larvae in bison as protostrongylids have not been reported in bison, and any Dictyocaulus spp. lungworm larvae (more commonly found in moose) would not have survived freezing.



A final key finding from our study is that, with the exception of trichostrongyles, we found only minor changes in the prevalence or intensity of endoparasites observed in bison feces between samples collected in 2010 and 2018. The marked increase seen in the prevalence and intensity of trichostrongyles in bison over the 8-year period may be a result of either a true increase in prevalence or a result of samples being stored for an extended duration at −20°C. Previous studies have demonstrated that freezing decreases the recovery rates for strongylid nematode eggs in particular [28], which may explain our low trichostrongyle egg counts in some host species. However, prevalence is generally more conserved with prolonged freezing than intensity [28].



Bison are susceptible to a diverse fauna of trichostrongyles, which can have significant impacts on their health [50]. Given the high prevalence (93%) found in our 2018 samples, it would be valuable to conduct further fecal surveys that include molecular analyses (e.g., metabarcoding) that identify the proportions of trichostrongyle species present [51,52]. Further work on the species identification and impact of anoplocephalid tapeworms (likely Moniezia sp.) in bison is also suggested.



There is mounting evidence that climate change will have several significant impacts on host–parasite ecosystems in northern biomes. For example, protostrongylid survival rates are expected to increase, and transmission periods may also lengthen, which may lead to a range expansion of protostrongylids [14,17,53,54]. This may be particularly concerning in caribou, as many populations are experiencing declines with multifactorial causes [55], and wild sheep, where protostrongylid prevalence and intensity are already high in some populations. Additionally, healthy bison populations are important for recovery efforts [20]. Anthropogenic impacts associated with wildlife management decisions may influence host–endoparasite dynamics by changing primary, intermediate, and aberrant host densities and distributions and the extent to which host species interact with each other. Finally, multi-parasitism (infection with multiple parasites) may have greater impacts on species, both at individual and population levels [56]. Further studies that incorporate analysis at the individual level will be necessary to ascertain the effect of infection with multiple parasites within a given study population. Fecal studies based on the morphology of eggs, larvae, and oocysts such as this one are limited by our inability to identify parasites to species level but are often more achievable in remote environments. Nonetheless, our data provide baseline information against which to compare with future endoparasite surveys. Molecular (genetic) analyses to definitively identify endoparasite species diversity [27,51,52] should be pursued in the future to help guide ungulate conservation in the face of climate change and anthropogenic perturbation.



In summary, despite inherent limitations imposed by using frozen samples collected during the winter season only, our study has provided a rare and valuable comparison of the relative prevalence and intensity of endoparasites among several ungulate species in the same region at the same time. We also provided new records of particular endoparasites in the region or in specific species, which contribute important information on these parasites. Lastly, we have provided information on the short-term apparent change in prevalence and intensity of endoparasites found shed in bison feces.
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Figure 1. Locations where ungulate fecal samples were collected by species in Yukon, Canada. 
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Figure 2. Example of spike-tailed protostrongylid first-stage larvae (L1), most likely Protostrongylus stilesi in thinhorn sheep (Ovis dalli) or Orthostrongylus macrotis in cervids. 
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Table 1. Percent (and number) of individuals from different ungulate species in the boreal forest of northwestern Canada that were positive for various endoparasites in fecal samples collected in late winter 2010.
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	Endoparasite

Group
	Bison

(n = 83)
	Caribou

(n = 38)
	Moose

(n = 139)
	Thinhorn Sheep

(n = 35)
	Elk

(n = 9)
	Mule

Deer

(n = 4)





	Trichostrongyle
	1% (1)
	21% (8)
	7% (10)
	6% (2)
	11% (1)
	0 (0)



	Nematodirid
	0 (0)
	11% (4)
	25% (34)
	49% (17)
	11% (1)
	0 (0)



	Trichuris sp.
	1% (1)
	3% (1)
	0 (0)
	43% (15)
	0 (0)
	0 (0)



	Eimeria sp.
	5% (4)
	5% (2)
	0 (0)
	0 (0)
	0 (0)
	0 (0)



	Spike-tailed larvae
	no data
	5% (2)
	0 (0)
	74% (26)
	22% (2)
	0 (0)



	Dorsal-spined larvae
	no data
	3% (1)
	0 (0)
	0 (0)
	0 (0)
	0 (0)



	Cestodes
	33% (27)
	11% (4)
	7% (9)
	3% (1)
	0 (0)
	0 (0)










 





Table 2. Median, mean ± SD, and range of eggs per gram of feces of different ungulate species in the boreal forest of southwestern, Yukon, Canada, in late winter 2010.
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	Endoparasite

Group
	Metric
	Bison
	Caribou
	Moose
	Thinhorn

Sheep
	Elk





	Trichostrongyle
	Median

Mean ± SE

Range
	1.6

1.6

(1.6)
	0.4

0.6 ± 0.5

(0.2–1.4)
	0.6

1.0 ± 0.9

(0.2–3.0)
	0.3

0.3 ± 0.1

(0.2–0.4)
	0.4

0.4

(0.4)



	Nematodirid
	Median

Mean ± SE

Range
	0
	1.4

1.3 ± 0.7

(0.2–2.2)
	0.5

1.3 ± 1.8

(0.2–10.2)
	0.4

1.2 ± 1.2

(0.2–3.4)
	0.2

0.2

(0.2)



	Trichuris sp.
	Median

Mean ± SE

Range
	0.2

0.2

(0.2)
	1.2

1.2

(1.2)
	0
	1.2

3.5 ± 5.9

(0.2–20.6)
	0



	Spike-tailed

larvae
	Median

Mean ± SE

Range
	no data
	9.3

9.3 ± 3.5

(5.8–12.8)
	0
	25.5

181.4 ± 412.5

(0.6–1675.6)
	3.1

3.1 ± 2.3

(0.8–5.4)



	Dorsal-spined larvae
	Median

Mean ± SE

Range
	no dat