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Abstract
Sex biased parasitism is found in many species but the skew to one sex or the other varies, most likely due to differences in host and parasite behaviour and the intensity of sexual selection. We examined sex-biased parasitism in Richardson’s ground squirrels (Urocitellus richardsonii Obolenskij, 1927) and hypothesized that males would be more heavily parasitized than females as they are larger, have larger home ranges; and display high aggression and fighting during the short mating season, suggesting that they may trade-off investment in immunity for higher investment in reproduction. Squirrels were caught during the mating season, and examined for endoparasites and ectoparasites. Body mass, condition and immune measures were recorded. Males had higher nematode prevalence and abundance while females had higher flea prevalence. Males also had lower lymphocytes than females, as well as higher neutrophil to lymphocyte ratios. Females had higher eosinophils and they were in poorer body condition than males. The higher endoparsite loads in males suggests that they may be trading-off immunity while higher flea prevalence in females may be due to differences in sociality between the sexes. Our study demonstrates the importance of examining multiple parasite types in order to understand the factors influencing sex-biased parasitism.
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Introduction
Sex biases in parasite loads are well documented in the literature however the sex with the higher parasite loads appears to vary between and even within the species (Krasnov et al. 2012). In some species females have higher parasite infections (either prevalence and/or abundance) whereas in other species it is the males with the higher infections (Krasnov et al. 2012) and in species where more than a single parasite type has been examined, the results can be mixed (Hillegass et al. 2008; Scantlebury et al. 2010). The lack of a consistent pattern suggests that the mechanisms of sex-biased parasitism are still not well understood.
Sex biases in parasite loads are common in vertebrates, with males carrying higher parasite infections (Moore and Wilson 2002; Krasnov et al. 2012). One major explanation of these sex-biases has been attributed to differences in sexual selection (Moore and Wilson 2002; Krasnov et al. 2012). As a consequence of sexual selection, male mammals often have larger home ranges, and larger body sizes which may make them more vulnerable to parasites (Krasnov et al. 2012). The home range hypothesis proposes that the sex with the larger home range (usually males) have more exposure to parasites, including via infected individuals, where mobile parasites may easily change hosts (Moore and Wilson 2002; Kiffner et al. 2013). Sex differences in body size could also influence parasite loads, as a larger body size would result in more surface area to support more parasites (Krasnov et al.2012; Kiffner et al. 2013). Differences in body condition could also affect susceptibility to parasites and the sex with the better body condition should have fewer parasites because they can allocate more energy to their immune system (body condition hypothesis; Lochmiller and Deerenberg 2000; Beldomenico et al. 2008).
A number of hypotheses have been proposed that suggest sex biases in parasites are a consequence of a trade-off between investment in reproduction and immunity. One explanation for this trade-off is that the energetic costs of reproduction in males (maintaining large sperm reservoirs, ornaments, and other energetically costly sexual behaviours) conflicts directly with the cost of immune response to infection (Sheldon and Verhulst 1996; Bachman 2003) and that males will invest less in immunity (Rolff 2002; Nunn et al. 2009). This energy allocation hypothesis predicts that only males in good body condition can afford to invest heavily in reproduction and still cope with higher parasite loads (Sheldon and Verhulst 1996; Bachman 2003).
An alternative explanation for this trade-off is the immunocompetence handicap hypothesis (ICHH), which suggests that male sexual traits may lower the ability to resist parasites through steroid (i.e., testosterone) suppression of the immune system (Folstad and Karter 1992). The ICHH also predicts that only high quality males could display intense sexual signals with highly compromised immune systems and still deal with high parasite loads (Folstad and Karter 1992). Support for the assumption that testosterone suppresses immunity is mixed (Bilbo and Nelson 2001; Roberts et al. 2007) and it has been suggested that the effect of testosterone on the immune system may be indirect in that high levels of testosterone may lead to high levels of glucocorticoids and stress-induced immunosuppression (the stress-linked ICHH, Evans et al. 2000).
Sex biases in parasitic infections can be influenced by more than just the life history of the host, but also of the life histories of the parasites (Krasnov et al. 2012). For example, while lice hatch, feed and develop directly on their host (Kim 2006), flea eggs are laid and develop in the nest of their host and only the adult flea will jump onto the host to feed (Lindsay and Galloway 1997). Species such as lice and endoparasites that live all or most of their lives in contact with the tissues of their hosts will bemore influenced by their host’s immune system than parasites that are only dependent on host tissues for a smaller part of their life cycle. These life history differences of the parasites suggest it is important to look at more than a single parasite type when examining sex-biases in infections (Gorrell and Schulte-Hostedde 2008; Manjerovic and Waterman 2012), however most mammal studies have only focused on either ectoparasites or endoparasites but not both (only 3 of 39 studies of mammals cited in Krasnov et al. 2012 examined both endoparasites and ectoparasites).
Richardson’s ground squirrels (Urocitellus richardsonii Obolenskij, 1927) are a good species in which to examine sex-biased parasitism as male-male competition for mates is intense (Davis and Murie 1985; Michener and McLean 1996). Compared to females, during breeding, males move longer distances, have larger home ranges, feed less, and spend a great deal of time fighting (Michener 1983). Rates of wounding amongst males are very high, with 50-79% of males disappearing by the end of the mating season, most likely due to injuries (Davis and Murie 1985; Michener and Locklear 1990). The species is also sexually dimorphic (males are larger than females) and males also emerge from hibernation in better condition than females (Michener 1984). Previous research reported male biased parasite loads in helminths and bot flies in Richardson’s ground squirrels (McGee 1980; Michener 1993) but the causes of these sex biases have never been investigated.
The objectives of our study were to examine parasite loads in Richardson’s ground squirrels during the mating season, and investigate how sex differences in body size, body condition, and immunity influence parasite loads. We predicted that because males have larger home ranges, larger body size and intense competition for mates, the bias in parasite infections would be towards males. If home range is the most important factor influencing parasites, then males would have larger numbers of ectoparasites, particularly fleas, as they are easily transmitted due to their mobility, and males are more likely to encounter infected conspecifics (Kiffner et al. 2013). However, if body size is the biggest influence on parasite infections, then larger individuals (either male or female) would have higher numbers of parasites (Kiffner et al. 2013). If body condition influenced parasite loads, we predicted females would have higher parasite loads than males as they emerge from hibernation in worse body condition. If males are trading off the costs of reproduction with the costs of immunity, as predicted by the ICHH and related hypotheses, then we would predict that males would have more parasites, as well as a compromised immune system (Greiner et al. 2010). 
Methods
Biology of the study animal.
Richardson’s ground squirrels (Urocitellus richardsonii) are a social species living in fairly dense populations (Michener 1983). They are a semi-fossorial, obligate hibernating species, hibernating on average 184 days of the year (Michener 1992). Adult males emerge from hibernation on average 8-16 days prior to females (Michener 1983), and immediately establish territories that overlap the home ranges of a number of females. The mating season is short but intense (3-4 weeks), during which territorial males are highly aggressive towards other males.  Females mate within 1-4 days after emergence from hibernation and estrus lasts only a few hours on a single afternoon (Michener and McLean 1996; Michener 1998). Females will mate multiple times with different males during estrus (Michener and McLean 1996) and after approximately 23 days of gestation produce a litter ranging in size from 1-14; (Risch et al. 2007). Females have only a single litter per year. The promiscuous mating system of Richardson’s ground squirrels has led to sperm competition and large testes size in males (Davis and Murie 1985). Though males emerge from hibernation in good body condition, they quickly lose weight during the breeding season, focusing more on mating than feeding (Michener and Locklear 1990). 
After the mating season, males do not contribute to parental care, whereas caring for offspring represents a major energetic effort for females (Michener and Locklear 1990). Opposite to males, females emerge in poor body condition, but quickly gain weight in preparation for gestation (Michener 1984). Michener (1989) found that females spend relatively little reproductive effort during gestation (particularly in early gestation), relative to lactation, and that female body condition improves throughout the period of gestation. 
[bookmark: _Toc292089019]Specimen collection
Free-ranging Richardson’s ground squirrels are routinely removed from the Assiniboine Park Zoo (49° 52’ N, 97° 14’ W) in Winnipeg, Canada, as part of their pest removal program. We collected 64 free-ranging Richardson’s ground squirrels (32 male and 32 females) from 22 March 2010 (first male appearance) to 9 April 2010 during the early to peak mating season (the earliest sighting of a male in 2010 was 12 March and the earliest known breeding was 20 March (J. Hare pers. comm.). We focused on this narrow window of collection to minimize seasonal influences on space use and hormone levels (Kiffner et al. 2013). 
Upon capture in the live trap (Tomahawk traps baited with peanut butter), animals were transported to the veterinary clinic at the zoo for euthanasia. We anesthetized the animals with Isoflurane in 100% oxygen delivered at first in a chamber and then via a facemask at 2.0 L/min through an isoflurane vaporizer set at 5%. Blood samples were taken from each individual from a cardiac puncture while under a surgical plane of anesthesia as determined by the attending veterinarian. We then euthanized the squirrels with an intracardiac injection of potassium chloride solution. All methods were approved by the Animal Care Committee at the University of Manitoba (F10-004) and followed American Society of Mammalogists guidelines (Gannon and Sikes 2007).

[bookmark: _Toc292089020]Data collection and analysis
We determined the sex of the animals by the presence or absence of external scrotum or a vulva. Females that had bred had fully perforated and flaccid vulva (Foster 1934; Michener 1983; Michener 1998). We recorded body mass with a spring scale (Pesola , Baar, Switzerland) to ±5.0 g, and measured spine length (from the occipital condyles to the base of the caudal vertebrae) to assess the body condition (Schulte-Hostedde et al. 2005). We also assessed body condition by recording the percentage of red blood cells (RBCs) in the blood (Beldomenico et al. 2008) using a microhematocrit centrifuge (International Medical Associates, Inc., Ohio) . To assess immunity, we measured wet spleen mass to the nearest 0.01 g and counted the white blood cells (WBCs) in blood smears. Although such measures are proxies for immunity, they are frequently used to assess immunocompetence (Corbin et al. 2008; Scantlebury et al. 2010). We made blood smears immediately upon blood collection and WBCs were counted at the Manitoba Veterinary Diagnostic Services Laboratory (Winnipeg, Canada). For WBCs, 100 cells were counted on a smear stained with eosin nigrosin and the numbers of each type (lymphocytes, eosinophils, basophils, neutrophils and monocytes) were counted to calculate a percentage of each cell type (Bachman 2003). Lymphocytes are part of the adaptive immunity, and as they have a relatively long life span in the blood, they are a useful indicator of immunological investment (Beldomenico et al. 2008), and they are suppressed by glucocorticoids (Beldomenico et al. 2008). Neutrophils are released in response to tissue injury or bacterial infection, and are not as long lasting as lymphocytes, suggesting they make a good proxy to acute or active inflammation (Beldomenico et al. 2008). The ratio of neutrophils to lymphocytes is also a reliable indicator of glucocorticoid levels and long-term stress (Davis et al. 2008). High numbers of eosinophils is an indication of macroparasitic infections while monocytes respond to viral and bacterial infections (Harvey 2012). We also examined our blood smears for blood parasites.
We removed the intestine from the pyloric sphincter to the anus and examined them for the presence of Platyhelminthes (cestodes and trematodes) and nematodes. We recorded the number and type of endoparasites from each segment (Haukisalmi and Henttonen 2001), as well as recorded the total mass of endoparasites for each squirrel to the nearest 0.0001g. Ectoparasites were collected from all animals upon capture, in the anesthetizing chamber, as well as through washing of the fur in the lab using a mild detergent in warm water to determine total ectoparasite counts. 
All data were tested for homogeneity and normality and transformed if necessary. Data that could not be normalized or homogenized were analyzed with nonparametric statistics (Zar 1999). We compared spleen sizes using the residuals of the log of spleen size regressed on body mass to control for differences in body mass (Scantlebury et al. 2010; Manjerovic and Waterman 2012). We assessed body condition following methods outlined in Schulte-Hostedde et al. (2005) using body mass regressed on spine length, as well recording the percent of RBCs in a hematocrit (Franzmann and Leresche 1978). Wilcoxon tests were used to compare percent RBC and white blood cell counts. One male was missing data for RBCs and one female was missing spleen mass. Of the 32 females, 28 had bred (based on vulva characteristics, Michener 1998) and 14 females had visible embryos (43%) in the uterus, with a mean embryo count of 3.31 (ranging from 0-9). Implantation in Ictidomys tridecemlineatus occurs approximately 5 days after copulation (Foster 1934) and embryonic develop in Richardson’s ground squirrels is very similar (Sheppard 1972). We used the methods of Sheppard (1972) and Nellis (1969) to estimate the age of embryos, using a 23 day gestation estimate (Michener 1989). All embryos were less than 8 days from conception and less than an estimate of 3 days after implantation (<11mm in length).  We compared females with visible embryos and those without using Quantitative Parasitology v.3.0 (see below) and found no differences in parasite prevalence, intensity or abundance, thus we pooled the data on females.
To analyze parasite prevalence, intensity, and abundance we used Quantitative Parasitology (v.3.0; Rózsa et al. 2000). Prevalence data are the proportion of hosts with parasites. Intensity is the mean number of parasites found on only infected individuals, with the 95% confidence interval. As we examined at overall sex differences in parasites, we focused on the abundance of parasites, which is the mean number of parasites of all individuals (Rózsa et al. 2000). For all parasite measures, we included the 95% confidence interval as a measure of variability, as recommended by Rózsa et al. (2000). We used an unconditional test to compare prevalence, because it is good at detecting differences in samples sizes less than 100 (Reiczigel et al. 2008). To compare mean intensity and abundance of parasites we used a bootstrap 2 sample t-test (Rózsa et al. 2000). 
Sex differences in body condition and in spleen size were compared using ANCOVA with body mass as the dependent variable. Where data were normal, we used t-tests. If data could not be normalized, we used non-parametric tests. Spearman’s correlations were used to examine parasite infections, immunity and measurements of body condition. To assess factors influencing parasite abundance, we used generalized linear models (GLMs), fitted with a quasi-poisson distribution (Ver Hoef and Boveng 2007).  All possible factors and interactions were included in the analysis and then non-significant terms were removed. We analyzed all data (except parasite data analyzed with Quantitative Parasitology) using JMP® v.10.0 (SAS Institute Inc., Cary, NC). We used an alpha level of P=0.05 for all tests and omitted non-significant interaction terms from final models. All data other than parasite data are expressed as mean +/- SE.

Results
Male ground squirrels (416.4 ± 6.4g) were significantly heavier than females (296.2 ± 7.1g, t-test, t61 = -12.56, P < 0.0001). Males were in better body condition than females (residuals of body mass regressed on spine length; ANCOVA, F 1, 61 = 46.36, P < 0.0001) and hematocrits were also higher in males than females (47.0 ± 0.8% versus 44.7 ± 0.9%, Wilcoxon’s ranked sums, Z = 2.29, N1 = 31, N2 = 32, P = 0.02). 
We found no blood parasites in any animals. Only one species of endoparasite, the nematode (Citellinema bifurcatum) was found in the gastrointestinal tract of the squirrels. Nematode abundance was higher in males than in females (Bootstrap Test, P = 0.03; Figure 1) as was the prevalence of infection, (Unconditional Test, P = 0.0004; Table 1). Total nematode mass was also greater in males than females (Males, 0.026 ± 0.023 g, Females, 0.0012 ± 0.0006 g; Mann-Whitney U test, Z = 3.4, N1 = N2 = 32, P = 0.0007).
One species of squirrel flea (Oropsylla bruneri (Baker) 1895), two mouse fleas (Epitedia wenmanni wenmanni and Ctenophthalmus pseudagyrtes pseudagyrtes) and one species of louse (Linognathoides laevisculus) were found on both male and female squirrels. One Orchopeas leucopus mouse flea was recorded on a single male ground squirrel. Prevalence of fleas was higher in females than males (Unconditional Test, P = 0.009; Table 1), but not abundance (Bootstrap test, P =0.38; Figure 1). However infected females did not harbour a greater diversity of flea species than infected males (females, mean number of species 1.11 ± 0.08, 95% CI 0.95-1.29; males, 1.19 ± 0.096, 95%CI 0.99-1.39). There was no overall difference in lice prevalence (Unconditional test, P = 1.0) or abundance (Bootstrap test, P =0.50; Figure 1, Table 1) between the sexes. 
There was no correlation between body mass and the abundance of any parasite types in either sex (males (N = 32): fleas, Spearman’s correlation, rs = -0.06, P = 0.75; lice, rs = -0.06, P = 0.75; nematodes, rs = 0.27, P = 0.13; females (N = 32): fleas, rs = -0.19, P = 0.29; lice, rs = 36, P = 0.06; nematodes, rs = -0.16, P = 0.37) nor for body condition and abundance of any parasite in either sex (males (N = 32): fleas rs = -0.07, P = 0.69; lice rs = -0.19, P = 0.29; nematodes rs = -0.07, P = 0.69; females (N = 32): fleas rs = -0.29, P = 0.10; lice r s = 0.22, P = 0.24; nematodes rs = -0.13, P = 0.49). 
Spleen size residuals did not differ between males and females (Males 0.60 ± 0.033, females 0.46 ± 0.032, ANCOVA, F 1, 59 = 0.08, P = 0.7841), but males had more neutrophils than females, while females had more eosinophils and lymphocytes (Table 2). The neutrophil: lymphocyte ratio was also significantly higher in males than females (males 5.50 ± 0.89, females 1.95 ± 0.22, t-test, t 34.9= -3.88, P = 0.0004). As basophils were rare we did not include them in our statistical analysis.
Our GLM revealed a signification relationship between flea abundance and hematocrits (Χ2 = 6.87, d.f. = 1, P = 0.0087), but we found no relationships with other factors (sex Χ2 = 0.94, d.f. = 1, P = 0.33; neutrophil:lymphocytes Χ2= 0.245, P = 0.62; body condition Χ2 = 2.50, d.f. = 1,  P = 0.11).  Lice abundance was not related to any factors we examined. Endoparasite abundance was significantly affected by sex (Χ2 = 8.60, d.f. = 1, P = 0.003), and hematocrits (Χ2 = 7.81, d.f. = 1, P = 0.005) but not neutrophil:lymphocyte ratios (Χ2= 1.19, d.f. = 1, P = 0.28) or body condition (Χ2 = 0.97, d.f. = 1, P = 0.32). For the endoparasites GLM, there was a significant interaction between sex and hematocrits (Χ2 =5.32, d.f. = 1, P = 0.02).

Discussion
We found sex-biased parasitism in Richardson`s ground squirrels, but not the expected male-biased paradigm. While males had greater prevalence and abundance of nematodes, females had a greater prevalence of fleas and there were no sex differences in lice prevalence or abundance. Finding male and female biases for different parasites within the same host has also been found in the few other studies that have considered more than a single parasite type (endoparasites and ectoparasites, Gorrell and Schulte-Hostedde 2008, red squirrels, Tamiascuirus hudsonicus; Hillegass et al. 2008, Cape ground squirrels, Xerus inauris). These results support the idea that sex-biased parasitism is influenced by more than a single mechanism (Bordes et al. 2012; Krasnov et al. 2012).
The home range hypothesis predicts that the larger home ranges of males will expose them to more conspecifics increasing the possibility of parasite transmission compared to the smaller home ranges of females. We found that male Richardson’s ground squirrels, which have larger home ranges, did not have higher flea burdens that we predicted, but they did have higher endoparasite loads. Brown et al. (1994) found that male Apodemus sylvaticus infected with nematodes had larger territories than uninfected males, but it was unclear whether possession of large individual home ranges was a cause or a consequence of higher infestation (Krasnov et al. 2012). The larger home ranges of male Richardson’s ground squirrels could expose them to  contaminated food but during the breeding season males reduce their time feeding (Michener and Locklear 1990), which would reduce their exposure to contaminated food 
Larger body size is also a trait more likely to be found in males under sexual selection and it has been suggested to explain sex-biased parasite loads in a number of species if small mammals (Kiffner et al. 2013). Kiffner et al. (2013) found that body size was positively related to flea abundance in 5 species of rodents but they did not find such a pattern in all the species they examined. We did not find a correlation between body size and parasite infections in either male or female ground squirrels. In concurrence with other studies done on squirrel species both with (Hillegass et al. 2008) and without (Perez-Orella and Schulte-Hostedde 2005; Gorrell and Schulte-Hostedde 2008; Scantlebury et al. 2010) sexual dimorphism, our findings do not support the body size hypothesis.
Past studies predict that the sex with lower body condition should have higher parasite loads (Lochmiller and Deerenberg 2000). The relationship between body condition and parasite loads is mixed in the literature. While lower body condition appears to be related to more parasites in some species (Cape ground squirrel, Scantlebury et al. 2007, common vole, Devevey et al. 2008), it is unrelated to parasite loads in other species (gray squirrels, Scantlebury et al. 2010). In our study, Richardson’s ground squirrel males, as expected, were in better body condition than females, yet males had much higher endoparasite loads. We found no relationship between our residuals of body condition and any parasite in either sex but we did find a positive relationship between hematocrits and endoparasite abundance.
There are a number of hypotheses that suggest that sex biases in parasite loads are due to a trade-off between investment in reproduction and immunity. The trade-off hypothesis that has garnered the most attention is the ICHH, but support for the ICHH in the literature is mixed (Roberts et al. 2007; Kiffner et al. 2013). Higher testosterone may also be correlated with higher fighting and aggression which can lead to higher glucocorticoid levels, and glucocorticoids can also suppress the immune system (stress-linked ICHH). Distinguishing the mechanisms (energy allocation, ICHH or stress-linked ICHH) that lead to such a trade-off is difficult because all three mechanisms would lead to the prediction that only immunocompetent animals can deal with infections and high testosterone at the same time (Møller 1995; Greiner et al. 2010).
The mixture of support for any of the trade-off hypotheses could also be due to the choice of species that have been investigated or the timing of the studies. How males partition their energy to reproduction and immunity depends on levels of mating competition. In species where sexual selection is not intense or where breeding males do not have high levels of testosterone, the various trade-off hypotheses do not predict male-biased parasite loads (Krasnov et al. 2012). Seasonality of hormone levels can also influence this trade-off, as testosterone levels usually drop considerably in males during non-breeding times (Krasnov et al. 2012). 
The male biased nematode infection in Richardson’s ground squirrels supports a trade-off between infection and immunity, especially when considering the differences seen in the proxy measurements of their adaptive immune system. Male ground squirrels had higher neutrophil levels than females, whereas females were found to have higher levels of eosinophils, which are a specific response to helminth infections (Weil et al. 2006; Harvey 2012). Both neutrophils and eosinophils are part of the innate immune system, which is considered to use less energy compared with the adaptive immune system (Bachman 2003). Males are not investing in the production of more costly lymphocytes relative to females (Bachman 2003; Beldomenico et al. 2008). Lymphocytes work with eosinophils to respond to inflammatory responses to endoparasites and ectoparasite bites (Christe et al. 2002; Harvey 2012). Spleen size between the sexes did not differ, however parasite species richness (the number of parasite species) may have a greater effect on spleen size, rather than abundance or intensity (Schulte-Hostedde and Elsasser 2011; Manjerovic and Waterman 2012). We saw no difference in parasite species richness between the sexes, and we would not expect to see a difference in spleen size. The high neutrophil to lymphocyte ratios in males is indicative of high glucocorticoids (Bachman 2003; Davis et al. 2008) and during the time we collected our samples males were experiencing intense reproductive competition and aggression (Michener and Locklear 1990). The sex difference in apparent immunocompetence and the male bias in endoparasite loads certainly support the trade-off hypotheses but the female bias in fleas does not. 
Sex differences in infestation by fleas may be affected by the life history of the fleas themselves (Krasnov et al. 2012) and behavioural differences in the hosts. Unlike lice and endoparasites, fleas develop off the host, in the host nest, and can easily move from one host to another (Lindsay and Galloway 1997; Kiffner et al. 2013). In other rodents, flea infections tend to be male biased (Hillegass et al. 2008; Krasnov et al. 2012). In Richardson’s ground squirrels, female kin will den together overwinter and continue to share sleeping burrows until just prepartum, whereas male Richardson’s ground squirrels sleep solitarily (Michener 2002). This difference in behaviour allows more opportunity for flea transmission among females, but not males. Males also spend less time in burrows after emergence than females (Michener 1983), giving fleas less of an opportunity to use them as hosts.
The sex differences in parasite infections by different parasite types in Richardson’s ground squirrels may be attributed to both differences in the life history of the hosts and the life history of the parasites. Our study did not support the home range hypothesis, the body size hypothesis, or the body condition hypothesis. The male bias in endoparasite could be from a trade-off between reproduction and immunity during the breeding season, while the female-bias in flea infections could be attributed to the life history of the fleas and behavioural differences (particularly the use of burrows) between males and females. Looking at multiple parasite types within the same organism gives additional insights into the complexity of host parasite relationships and the factors that may affect these relationships.
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Table 1. Prevalence and mean intensity (with 95% confidence intervals) of parasites in male (N = 32) and female (N = 32) Richardson’s ground squirrels (Urocitellus richardsonii).
	
	TOTAL
	MALE
	FEMALE

	
	N
	Prevalence (%) (95% CI)
	Intensity (95% CI)
	N
	Prevalence (%) (95% CI)
	Intensity (95% CI)
	N
	Prevalence (%) (95% CI)
	Intensity (95% CI)

	Endoparasites
	
	
	
	
	
	
	
	
	

	Nematode count
	64
	56.3 (43.3-68.6)
	8.38 (5.61-12.33)
	32
	78.1 (61.0-89.5)
	8.96 (6.04-13.0)
	32
	34.4 (20.0-52.7)
	6.73 (2.36-21.09)

	Ectoparasites
	
	
	
	
	
	
	
	
	

	Fleas
	64
	65.6 (53.1-76.7)
	4.55 (2.38-12.64)
	32
	50.0 (32.6-67.4)
	2.25 (1.69-3.25)
	32
	81.3 (64.2-91.5)
	5.96 (2.5-17.96)

	Lice
	64
	059.4 (47.0-71.2)
	6.53 (4.21-10.45)
	32
	56.3 (39.0-72.1)
	8.17 (4.39-14.94)
	32
	62.5 (44.6-78.2)
	5.05 (2.8-10.25)




Table 2. Mean and standard error (mean ± SE), Wilcoxon Z-values and P-values for white blood cell counts between male (N = 32) and female (N = 32) Richardson’s ground squirrels (Urocitellus richardsonii). Note: basophils were not found in any measurable amount. 
	White blood cells
	Males (N=32)
	Females (N=32)
	Z- value
	P-value

	Lymphocytes
	21.63 ± 2.16
	37.22 ± 2.45
	4.30
	<0.0001

	Eosinophils
	1.57 ± 0.09
	3.04 ± 0.33
	-1.99
	0.04

	Monocytes
	4.04 ± 0.48
	3.19 ± 0.41
	1.46
	0.15

	Neutrophils
	74.38 ± 2.40
	57.28 ± 2.47
	-4.32
	<0.0001
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Figure 1. Mean abundance counts of nematode (Citellinema bifurcatus), flea (Oropsylla bruneri and other) and lice (Linognathoides laevisculus) (±SE) in male (N = 32) and female (N = 32) Richardson's ground squirrels (Urocitellus richardsonii).
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