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PREFACE
Chapters have been formatted in the style of journals to which they will be submitted for
publication. Chapter 1 is formatted in the style of the Journal of Vector Ecology. Chapter 2 is in
the style of the Journal of Ticks and Tick-borne Diseases. Chapter 3 is in the style of the Journal
of Medical Entomology.
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ABSTRACT
Relationships of ectoparasites on small-mammal hosts from hardwood forest, pine forest, and
grass/forb habitats at The Hobart Ames Plantation in southwestern Tennessee were investigated.
Five rodent species (Peromyscus leucopus, Sigmodon hispidus, P. maniculatus, Microtus
pinetorum, and Ochrotomys nuttalli) were captured and examined for ectoparasites.
Ectoparasites (Amblyomma maculatum, A. americanum, Dermacentor variabilis, Ixodes
scapularis, Xenopsylla cheopis, and Orchopeas howardii) were collected from the rodents and
screened for the presence of Rickettsia, a spotted fever group bacterium. Analyses yielded
neutral interspecific relationships between D. variabilis and I. scapularis on the rodent host P.
leucopus, statistically significant relationships between tick burden and sex, age, and weight of
rodent hosts, and no significant association of Rickettsia-positive ectoparasites with host habitat.
Tick burden increased as host weight increased; subadult females had the highest average tick
burden, while subadult males had the lowest. Although not statistically significant, smaller
rodents were more likely to have Rickettsia-positive ectoparasites.
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CHAPTER 1

An assessment of interspecific competition between the blacklegged tick (Ixodes scapularis Say)
and American dog tick (Dermacentor variabilis Say) on the rodent host white-footed deermouse
(Peromyscus leucopus Rafinesque) in southwestern Tennessee
Rebecca A. Butler
Department of Biological Sciences, The University of Memphis, Memphis, TN 38152
*Correspondent: rbutler1@memphis.edu

Investigations that analyze interspecific associations of vectors on their hosts are important for
understanding community structure and implementing ways to comprehend their mechanisms of
pathogen transmission. Interspecific association of two tick species (Ixodes scapularis Say and
Dermacentor variabilis Say) was assessed on the rodent host Peromyscus leucopus Rafinesque at
the Hobart Ames Plantation in southwestern Tennessee. Rodents (n = 149) were captured using
Sherman live traps baited with rolled oats and examined for ticks. Of the rodents captured, 92
(61.7%) had neither species of tick, 6 (4.0%) had both tick species, 25 (16.8%) had I. scapularis
only, and 26 (17.5%) had D. variabilis only. A coefficient of association (C7 = -0.098) was
calculated from a 2 X 2 contingency table for the two tick species present on the rodent host. The
negative value suggested there was competition between the two ectoparasites, but a
nonsignificant value was obtained using a chi-squared test with Yates correction (P = 0.938 >
0.005) in which an overall neutral relationship was observed. Additionally, a Fishers-exact test
(P = 1.000), chi-squared test (P = 0.188), and GLM (P = 0.797) were conducted with SAS to
compare results between the two models; these results suggested that there was no competition
between the two tick species on P. leucopus. Therefore, although both tick species were present
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on their host at the same time, they are able to coexist. This suggests the two tick species are
occupying the same host and use the same resources without competing.
Keywords: life history, ectoparasites, interspecific association, rodents, coexist
_____________________________________________________________________________________

The concept of interspecific competition is a cornerstone of evolutionary ecology (Smith and
Smith, 2012). Bush and Malenke (2008) noted that interspecific competition influences which,
how many, and where taxa coexist in biological communities. Additionally, competition is noted
to hold a central place in ecological and evolutionary biology (Krasnov et al., 2005). Given the
importance of competitive interactions between species in structuring biological communities,
much has been written concerning interspecific interactions (e.g., see Ricklefs and Miller, 1999;
Smith and Smith, 2012); however, numerous questions remain unanswered and interactions
between many taxa are poorly understood (Rockwood, 2015).
One group of organisms in which there is uncertainty as to the role of competition in
structuring communities is parasites (Krasnov et al., 2005). Krasnov et al. (2005) pointed out that
the opinion that competition plays a major role in structuring biological communities is not
without some doubt. They indicated selected investigations support the position that competition
is of little or no importance, while others indicate competition plays a major role in structuring
communities (see Lawton and Strong, 1981; Wiens, 1989). Additionally, Krasnov et al. (2005)
noted that, given there is disagreement among investigators relating to the role of competition in
communities of free-living organisms, it is not surprising that there is strong discussion on the
role of competition in parasite communities. Tello et al. (2008) indicated that parasites provide
an interesting model from which to study patterns and mechanisms of community structure and

3

dynamics. Currently, the role and degree of competition in parasite communities remains
uncertain and in need of additional study.
The blacklegged tick (Ixodes scapularis Say) on the white-footed deer mouse
(Peromyscus leucopus Rafinesque) is an interesting and well-known disease model because both
species are critical for Lyme disease transmission and maintenance (Donahue et al., 1987). The
study of interspecific competition between the blacklegged tick and the American dog tick
(Dermacentor variabilis Say) on P. leucopus is warranted. Both species of ticks are known to
occur on P. leucopus (Keirans et al., 1996; Clark et al., 2001); therefore, many opportunities
exist for interspecific interactions between these taxa. Additionally, both species of ticks are
linked to distinct tick-borne diseases. D. variabilis is the vector of Rickettsia pathogens (McDade
and Newhouse, 1986), and I. scapularis is the vector of Borrelia pathogens (Eisen and Eisen,
2018). However, in southwestern Tennessee, Lyme disease is less frequent than is the spotted
fever group rickettsiosis (Moncayo et al., 2010; Centers for Disease Control and Prevention,
2018). Understanding the interactions between tick species in a geographic region associated
with tick-borne diseases provides valuable information for tick and pathogen management, as
well as disease prevention.
The purpose of the present study was to assess interspecific competition between the tick
species I. scapularis and D. variabilis on P. leucopus (the rodent host) in southwestern
Tennessee. Specifically, the prediction that there is competition between the two tick species on
P. leucopus was tested. Investigations involving interspecific association between co-occurring
tick species is necessary for understanding their community structure, pathogen transmission,
and disease ecology.
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MATERIALS AND METHODS
Experimental Design
In the summer of 2013, between the months of June and July when tick-borne diseases
are commonly diagnosed in the region, three trapping series were set for three nights at the
Hobart Ames Plantation (Ames), located in Fayette and Hardeman counties in southwestern
Tennessee. Five transects were set in each of pine forest, hardwood forest, and field habitats and
consisted of 20 traps spaced at approximately 10-m intervals. Overall, there were 900 traps in
each of the three trapping series resulting in 2,700 trap nights (a trap night equals one trap set for
one night) during the study.
Rodent and Tick Specimens
Rodents were captured with Sherman live traps baited with rolled oats in forest and
grass/forb habitats following approved protocols (The University of Memphis IACUC #0729).
Traps were checked early in the morning after first light to reduce the rodent’s exposure to
environmental elements. Species, sex, and age were recorded for each rodent captured. Captured
rodents were thoroughly brushed and examined for external parasites following Sikes et al.
(2011) and Benzoni and Cooper (2017). External parasites collected from each host were placed
into labeled vials containing 70% ethanol. All vials were transported to the laboratory at Ames,
and parasites were identified to species and life stage (Yunker et al., 1986; Durden and Keirans,
1996; Keirans and Durden, 1998).
Statistical Analysis
The rodent host (P. leucopus) was used as the study animal to assess competition between the
two tick species (I. scapularis and D. variabilis). A 2 X 2 contingency table (Table 1) was
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formed to quantify the degree of spatial and temporal associations of the tick species and on P.
leucopus based on procedures outlined by Cole (1949).
Species B
(I. scapuarlis)

Species A
(D. variabilis)

Present

Absent

Present

A

B

Absent

C

D

In the 2 x 2 contingency table format, cell A represented all instances in which both tick
species were present on individual rodent hosts. Cell B indicated instances when only I.
scapularis was present, while cell C indicated instances when only D. variabilis was found. Cell
D represented instances when neither tick species was present on the host. Association
coefficients or a C7 value for 2 X 2 contingency tables was used to measure the degree of
association between the tick species over different locations following Cole (1949).
C7 =

(A × D) - (B × C)
(A + B)×(A + C)

In the selected formula, each letter represents the numerical value from the 2 X 2
contingency table. The formula for the C7 value formula was selected based on the appropriate
relationship that corresponded to the contingency table, in which A(D) < B(C) and A ≤ D (Cole,
1949). In association coefficient tests, positive associations reflect interactions involving
mutualism, commensalism, or parasite-host relationship, while negative associations reflect
interactions detrimental to one or both species, such as interspecific competition, interference, or
6

the avoidance of predators by potential prey (Cox, 2002). A chi-squared test with Yates
correction was used due to low sample sizes (values less than 10 in a cell), to determine the
interspecific relationship between the ticks on the rodent (Cox, 2002).
Statistical Analysis Software (SAS, version 9.4) was used as an additional resource to
analyze the interactions between the tick species on their rodent host. A generalized linear model
(PROC GLIMMIX in SAS), chi-squared goodness of fit test, and Fishers exact test were used to
test for presence or absence of the two tick species as a binary outcome with a two-tailed
hypotheses (α = 0.05). A chi-squared goodness of fit test was used to calculate how closely the
observed and expected results corresponded (Cox, 2002). Fishers exact test, which is used in
instances of low sample sizes (Yates, 1951), also was employed (Cox, 2002).
RESULTS
Of 149 P. leucopus captured, 57 (38.3%) were tick-infested. Six rodents (4.0%) were
infested with both tick species, 25 (16.8%) rodents had only I. scapularis present, 26 (17.5%)
rodent had only D. variabilis present. These two tick species were absent on 92 rodents (61.7%).
Utilizing the 2 X 2 contingency table, an appropriate association coefficient was selected and
presented a C7 value of -0.098, and a chi-squared test with Yates correction yielded a value of
0.938 (>0.05), which suggests that the slightly negative interaction was not significant. The
Fishers exact test (P = 0.188), chi-squared value (0.746), and GLM (P = 0.797) conducted in
SAS yielded nonsignificant values.
DISCUSSION
I tested the hypothesis that I. scapularis and D. variabilis are undergoing interspecific
competition on their rodent host, P. leucopus. This hypothesis, which involves the interspecific
relationship of vectors on a rodent host, provides important information for understanding tick
7

co-feeding and pathogen transmission. Although a negative C7 value was obtained, the chisquared calculation indicated that the model was not statistically significant and advocated a
neutral relationship between the two tick species. In addition, I calculated Fishers exact test, P
value, and chi-squared value, which were nonsignificant, and, again, suggested a neutral
relationship between the species on their rodent host.
Parasites undergo interactions that promote the complexity of their community structure
and community of their host (Dobson, 1985; Canard et al., 2012; Khan, 2012). Interspecific
competition is an instance in which one species outcompetes another species for limited
resources (Rockwood, 2015); although, it also can be detrimental to one or both species and
result in wasted energy expenditure (Connell, 1983). The ecological model in our study
suggested that the two tick species I. scapularis and D. variabilis were undergoing interspecific
competition; however, the chi-squared test indicated the overall model was nonsignificant, which
represents a neutral relationship between the two tick species on their host. Neutral relationships
often develop from the result of few niche constraints, parasite abundance, or resource ampleness
(Balmer et al., 2009; Canard et al., 2012; Cobbold et al., 2015) and enables an environment in
which species do not actively compete for resources. The tick species in the present study are
known to parasitize a variety of host species (Apperson et al., 1993; Kollars, 1996). This
generalist nature of these ticks could suggest that there are ample resources, besides the host P.
leucopus, for the species to survive and that an unnecessary allocation of energy expenditure for
competition would be futile. In the present study, other host species also were noted for I.
scapularis and D. variabilis such as such as Ochrotomys nuttalli, P. leucopus, and Oryzomys
palustris). French (1995) reported cases of P. leucopus and white-tailed deer (Odocoileus
virginianus) with I. scapularis and Dermacentor albipictus present at the same time of this study,
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which demonstrates that neutral relationships between two tick species occur on other hosts
parasitized by the genus Ixodes and Dermacentor.
P. leucopus is an important model to study interspecific competition of ticks because of
the rodent’s recognition as a major reservoir host for B. burgdorferi, the bacterium responsible
for Lyme disease diagnoses (Barbour, 2017). Anderson et al. (2017) found that I. scapularis
could frequently feed on P. leucopus despite inflammatory responses from the rodent, while ticks
on another rodent examined, Cavia pocellus, fed more poorly. Also, it has been found that P.
leucopus have the potential to promote immune resistance to D. variabilis (Trager, 1939). The
ability of ticks to evade the attention of P. leucopus, while feeding could contribute to
understanding the neutral relationship between the tick species.
Contrary to the present study, Carey et al. (1980) found an inverse relationship in tick
numbers and suggested competitive interactions occurred between I. scapularis and D. variabilis
on P. leucopus. An investigation in Tennessee by Durden and Wilson (1991) revealed
competitive interactions between ticks; D. variabilis was abundant on P. leucopus, while I.
scapularis was absent. Although I. scapularis was found to occupy a greater host range than was
D. variabilis, P. leucopus is an important and primary host for both tick species (Carey et al.,
1980). The competitive interaction could be the product of a limited number of meadow voles
(Microtus pennsylvanicus) during the trapping season, which D. variabilis is known to prefer
(Carey et al., 1980). Although cycles of infectious diseases are driven by environmental changes
(Martinez, 2018), factors affecting tick dynamics are contributable to biotic and abiotic
components (Garcia-Martí et al., 2017). Perhaps the neutral relationship examined in this study
and the competitive interaction observed by Carey et al. (1980) are due to fluctuations in host
species populations. If this was the case, understanding inconsistencies in rodent-host
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populations each year or season could attribute additional information towards understanding
disease outbreaks.
The majority of P. leucopus captured did not have either tick species present and were
essentially tick free. This phenomenon in which more individuals of the potential host species
are without parasites than with parasites is referred to as the First Law of Parasitism (Poulin,
2007). This could promote important factors for pathogen transmission (Anderson and May,
1991) in that a small percentage of individual rodents are hosts and are responsible for pathogen
prevalence.
Both ticks in the present study have an association with tick-borne diseases. Specifically,
I. scapularis is the primary vector of B. burgdorferi, which causes Lyme disease, and the
bacterium is maintained in P. leucopus (Sonenshine, 1993). Additionally, D. variabilis is the
primary vector for Rickettsia rickettsia, which causes Rocky Mountain spotted fever (Halseya et
al., 2018), but the role P. leucopus has with this tick and pathogen are currently unknown.
Studies, like the present one, that investigate interspecific interactions between species with
strong associations with pathogens result in disease that are important for understanding disease
outcomes and disease ecology (Dalziel et al., 2014; O’Regan, 2015). Competition among
parasites could restrict the number of possible parasite species present within a host (Vaumourin
et al., 2015) and, thus, could potentially limit the number of pathogens transmitted. However,
pathogen transmission to a host between parasites undergoing a neutral relationship is less
studied and could be a key factor in understanding the spread of tick-borne diseases. Canard et
al. (2012) stated that it is more beneficial for ectoparasites to portray a neutral relationship
between species because of the diversity of hosts they parasitize.
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Because of the growing number of tick-borne diseases associated with both tick species
identified in the present work (Adjemian et al., 2009; Levi et al., 2012), it is important to
understand their interspecific interactions on wildlife hosts. Additional investigations that
examine interactions of multiple tick species on their different hosts with the inclusion of
transmitted pathogens would provide better understanding of the mechanisms that circulate tick
borne pathogens in the environment. Results suggest a neutral relationship was present between
the tick species I. scapularis and D. variabilis on the rodent P. leucopus. No statistically
significant association between the tick species on the same rodent host was observed.
Information about the interaction between tick species could provide some insight into the
transmission of pathogens on small mammals known to be reservoir hosts to tick-borne diseases.
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Life histories are important influential factors when analyzing the degree of parasite
infestations on a host. Pressures exerted on hosts based on age and sex convey varying degrees
of parasite burden (i.e., the number of parasites present / number of parasitized hosts) due to
differences in host lifestyles, but it is not known how interactions between different host traits
affect tick burden. Small mammals (n=281) of the species Peromyscus leucopus, P. maniculatus,
Sigmodon hispidus, Microtus pinetorum, and Ochrotomys nuttalli were captured with Sherman
live traps baited with rolled oats. Traps were placed in forest and grass/forb habitats at the
Hobart Ames Plantation in Fayette and Hardeman counties, Tennessee. After capture, sex (male
or female), age (subadult and adult), and total weight (grams) of rodents were recorded. A total
of 612 ticks of the species Dermacentor variabilis, Ixodes scapularis, Amblyomma americanum,
and A. maculatum was removed from rodent hosts. Host age (P 0.0003), tick burden (adult
5.65%; subadult 9.5%), sex (P<0.0001) tick burden (male 6.90%; female 4.89%), and weight
(P<0.0001), presented as significant effects on the number of ticks present. Interactions between
host traits, weight x sex (P< 0.0001), weight x age (P<0.0001), and sex x age (P<0.0001) also
presented statistically significant; for instance, female subadult rodents had the largest
ectoparasite burdens over female adults, and male subadults contained lower tick burdens over
male adults. It was found that burden of ticks increased as host body mass increased for males.
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Findings support the hypothesis that burden of ticks vary on rodent hosts based on life histories
and trait interactions.
Key words: rodents, ticks, infestation, age, sex, life-history
______________________________________________________________________________
Ticks represent a taxon of acari that give rise to the transmission of more pathogenic agents than
any other arthropod that affects animals including humans (Gulia-Nuss et al., 2016).
Understanding a host’s susceptibility to ticks provides a method for understanding the links that
generate the ecology of tick borne disease (TBD) in a population. Differentiations in parasite
loads have been reported for several different classes of vertebrate species by sex (Klein, 2004).
A divergence is most notably due to factors involving physiology (Moore and Wilson, 2002) and
natural history (Nunn and Dokey, 2006; Zuk and Mckean, 2006).
Population dynamics of parasites are often formed by host dissimilarities (Morand et al.,
1996). In many instances, males have portrayed a greater affinity for parasites than have females
(Moore and Wilson, 2002, Córdoba-Aguilar and Munguía-Steyer, 2013; Halliday et al., 2014;
Hämäläinen et al., 2014); whereas, other studies have found uncertainty in male biased
parasitism (Morales-Montor et al., 2004). In addition, host age has been shown to be significant
in parasite burden (Hämäläinen et al., 2014; Izhar and Ben-Ami, 2015; Lesniak et al., 2017).
Similar to host sex, studies have varied in the numbers of parasitic infections between differing
age groups, some have found parasites favoring older hosts and others found preferences for
younger hosts (Cichoń et al., 2003; Tinsley et al., 2012). In addition, parasites have been found
to impose sex-specific consequences in fitness; however, the entire impact of parasitism on
fitness between the sexes is obscure (Sharp and Vincent, 2015). It has been noted that certain
host life history traits are shaped by parasitic infections (Fredensborg and Poulin, 2006). Host
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weight also has proved to be an important factor when assessing parasites on hosts (Zahn and
Rupp, 2004); equally, studies have provided differences in parasite loads that vary between host
weights (Moore and Wilson, 2002; Krasnov et al., 2005). Tseng and Myers (2014) noted that
information is lacking in regard to food limitations on a host and its affect on parasite fitness.
Parasites are intuitively an important factor in terms of the membership processes in natural
communities, but the mechanisms that form distributions of parasite occurrences across host
populations are not well understood (Rodríguez and Valdivia, 2017).
Small mammals are known to be reservoir hosts of TBD and primary hosts for ticks
(Oliver et al., 2003; Lynn et al., 2017). TBDs are increasing in Tennessee with significant
clustering of cases and fatalities in humans occurring in southwestern Tennessee (Adjemian et
al., 2009; Heitman et al., 2016; Hicks and Cutis, 2018). Therefore, added understanding of tick
burden (i.e., number of ticks present / number of parasitized hosts) and rodent-host traits could
contribute information towards understanding the ecology of ticks on small-mammals.
Knowledge of relationships between hosts and tick species known to harbor TBD could provide
crucial information for avoiding disease transmission (Sumner, 2007; Cohen et al., 2010; James
et al., 2015; Scott et al., 2016).
The purpose of the present study was to assess the magnitude of tick burdens on small
mammals based on host characteristics such as age, sex, and weight, along with interactions
between traits in western Tennessee. Investigations that analyze the effect of parasite load on
host life-histories are necessary for understanding disease transmission; therefore, this
investigation adds new insight towards understanding TBDs in relation to a host.
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MATERIALS AND METHODS
Host and Ectoparasite Sampling
Hispid cotton rat (Sigmodon hispidus), white-footed deer mouse (Peromyscus leucopus),
North American deer mouse (Peromyscus maniculatus), golden mouse (Ochrotomys nuttalli),
and woodland vole (Microtus pinetorum) were collected with Sherman live traps baited with
rolled oats. Forest and grass/forb habitats at Hobart Ames Plantation, a 7,446.21-hectare facility
in Fayette and Hardeman counties near Grand Junction, Tennessee was assessed. Transects were
established and consisted of 20 traps spaced at 10-m intervals. Five transects were set in each of
three habitats (pine forest, hardwood forest, grass/forb) resulting in 15 transects, which were
trapped for 9 consecutive nights (3 nights per replicate) and resulted in 2,700 trap nights.
All small mammals were handled following guidelines of the American Society of
Mammalogists (Sikes et al., 2011), and methods for capture were approved under The University
of Memphis IACUC # 0729. For rodents captured, four standard external measurements (in
millimeters), species, sex, and age, and total weight (grams) were recorded. Each rodent was
examined for ectoparasites which were removed following methods of Benzoni and Cooper
(2017). American dog tick (Dermacentor variabilis), deer tick (Ixodes scapularis), gulf coast
tick (Amblyomma maculatum), and Lone star tick (A. americanum) were removed from rodents
and placed in labeled vials filled with 70% ethanol. Ectoparasite species and life stages (larvae,
nymph, and adult) were identified using (Yunker et al., 1986; Durden and Keirans, 1996; Keirans
and Durden, 1998).
Statistical Analysis
Statistical analysis consisted of a two-tailed analysis (α = 0.05) from Statistical Analysis
Software (SAS, ver. 9.4) to test the affect of ectoparasite numbers on host life- histories (age,
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sex, and weight). A generalized linear mixed model (PROC GLIMMIX) was used to analyze
associations between parasite infestation and rodent age, sex, and weight as main effects, with
the addition of weight x sex, weight x age, and age x sex as two-way interactions.
RESULTS
Ticks (N = 612) were collected from rodent hosts (N = 281; Table 1) and analyzed for
relationships of ectoparasite burden in relation to host life histories (Table 2). The majority of
rodents (N = 180) did not have any ectoparasites present. Results demonstrated differences in
tick burden between females (female burden 4.89%; estimate ± SE of 1.43 ± 0.58) and males
(male burden 6.90%; 2.90 ± 0.84) with F1,239 92.23, P < 0.0001. Overall, there were slightly
fewer females rodents (N = 133) than males (N = 145) collected. While females contained higher
average of burden for more rodent species, P. maniculatus (female estimate ± SE, male estimate
± SE; 0.56 ± 0.25; 0.36 ± 0.20), M. pinetorum 1.7 ± 0.91; 1.33 ± 0.98, and O. nuttalli 2.4 ± 1.28;
0.5 ± 0.5. Males had higher averages of tick burden on the two rodent species that were more
frequently captured (S. hispidus and P. leucopus; Table 2).
Results of analyses of ectoparasite burden by host trait showed significant differences
among hosts by sex, age, weight, and their interactions (Table 3). Although more adult rodents
were captured (N = 244) than were subadult rodents (N = 36) and subadults of only two rodent
species were captured (P. leucopus and S. hispidus), subadults had an overall higher average tick
burden (subadult burden 9.50%; adult burden 5.65%) than did adults (Figure 1). As seen in
Figure 1, tick burden increased with male rodent weight, while the slope for female tick number
remained relatively stable. Interactions between host sex and age, host weight and sex, and
weight and age for ectoparasite burden were statistically significant (Table 3). Female subadult
rodents had high tick burdens compared to male subadults and male adult rodents had higher
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burdens than female adult rodents. Relationships between weight x age and between weight x
sex for ectoparasite burden (Figure 2) showed tick numbers increased for adults and subadults as
host weight increased. Tick numbers increased for male rodents as their weight increased, but the
slope remained relatively stable for females and even slightly decreased as weight increased.
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Table 1. Species, weight (grams), number of ticks present, and tick Mean±SE on rodents
captured at the Hobart Ames Plantation, Fayette and Hardeman counties, Tennessee.
Species
Sigmodon hispidus
Peromyscus leucopus
Peromyscus maniculatus
Microtus pinetorum
Ochrotomys nuttalli
All rodents

Total
rodents
76
148
34
16
7
281

Weight
Mean±SE
83.77 ± 5.30
16.35 ± 0.84
14.90 ± 0.38
20.93 ± 0.83
13.78 ± 0.40
35.07 ± 2.35

25

Tick
Mean±SE
5.19 ± 1.84
1.09 ± 0.17
0.50 ± 0.18
1.56 ± 0.73
1.85 ± 0.96
2.17 ± 0.51

Total
ticks
395
162
17
25
13
612

Table 2. Mean±SE of tick found on each species of rodent, separated by age and sex.
Age
Species
Sigmodon hispidus
Peromyscus leucopus
Peromyscus maniculatus
Microtus pinetorum
Ochrotomys nuttalli
All Rodents

Adult
Mean±SE
5.69 ± 2.24
1.08 ± 0.18
0.50 ± 0.18
1.26 ± 0.63
1.85 ± 0.96
2.04 ± 0.51

Sex

Subadult
Mean±SE
4.22 ± 3.44
1.15 ± 0.49
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
3.16 ± 2.10
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Male
Mean±SE
7.65 ± 2.92
1.18 ± 0.22
0.36 ± 0.20
1.33 ± 0.98
0.50 ± 0.50
2.90 ± 0.84

Female
Mean±SE
2.61 ± 2.23
0.98 ± 0.27
0.56 ± 0.25
1.70 ± 0.91
2.4 ± 1.28
1.43 ± 0.58

Table 3. Results of analysis of tick burden by sex, age,
weight (and interactions) of rodent hosts captured at Hobart
Ames Plantation, Fayette and Hardeman counties,
Tennessee.
Effect
Host sex
Host age
Weight
Weight x
host sex
Weight x
host age
Host sex x
host age

Numerator Denomenator
F-value
df
df

P>F

1
1
1

239
239
239

94.06
13.60
17.72

<0.0001
0.0003
<0.0001

1

239

61.15

<0.0001

1

239

45.23

<0.0001

1

239

113.38

<0.0001
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18
16
14
12

Number of Ectoparasites

10
5
4
3
2
1
0

Female
Sex

Male

Figure 1. Average tick burden by sex and age of rodent
hosts (Peromyscus leucopus, Sigmodon hispidus,
Peromyscus maniculatus, Microtus pinetorum, and
Microtus pinetorum) captured at Hobart Ames Plantation,
Fayette and Hardeman counties, Tennessee.
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Figure 2. Number of ticks present on rodent hosts
(Peromyscus leucopus, Sigmodon hispidus, Peromyscus
maniculatus, Microtus pinetorum, and Microtus pinetorum)
captured at the Hobart Ames Plantation, Fayetteand Hardeman
counties, Tennessee. (a) Numberof ticks by host sex x weight
interaction (males y = 0.009x + 2.135; females y = 0.022x - 0.09).
(b) Number of ticks by host age x weight interaction
(adult y = 0.051x + 0.203; subadult = 0.310x - 3.499).
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DISCUSSION
Parasites represent principal constituents of natural communities; however, it is not well
understood how parasite occurrence and influence form skewed distributions over host
populations (Rodríguez and Nelson Valdivia, 2017). There is contrasting literature concerning
parasite occurrence on hosts based on host sex. For instance, in many studies, it has been found
that males exemplify a higher burden for parasites rather than did females (Klein, 2004). In the
present study, males contained higher average tick burdens than did females, and males had an
overall higher ectoparasite burden as weight increased. It has been noted that tick propensities
for male hosts are most notably due to contributions to growth and reproduction (Moore and
Wilson, 2002). Males typically encompass larger home ranges than do females and traverse more
surface area searching for mates. Therefore, males are more inclined to make contact with larval
masses and questing ticks. Males with higher testosterone levels have higher ectoparasite loads
and, hence, could play a role in immunosuppression (Halliday et al., 2014). For selected species
such as bats, females display higher parasite propensities, due to females gathering in nursery
colonies and immunosuppression during reproduction; males tend to occupy less dense or
isolated areas (Christe et al., 2007). The contrasting literature between host gender and parasite
burden and between different taxa further exemplifies the need to understand how the life
histories of a species corresponds to ectoparasites present.
Analogous to sex, incidences of parasites burden based on host age showed subadult
rodents tended to have higher tick burdens than did adults. Ujvari and Madsen (2005) found
decreases in immune response of hosts with increasing age and an increased parasite burden.
Other studies came to conclusions similar to findings of the present study. Hämäläinen et al.
(2015) found parasite burdens in older hosts tended not to be as prevalent as in younger hosts.

30

They noted that the substantially higher ectoparasite burden on younger hosts could potentially
stem from differences in host behavior or nutrition that differentiate them from older rodents.
Host size, which can portray important information about a host, such as general health
(Summerbell et al., 1993), also showed differing affects on ectoparasite burden in the present
study. Ecoparasite burden increased as small-mammal weight increased for males, females,
adults, and subadults. Rodríguez and Valdivia (2017) noted that hosts with larger body sizes
accommodate larger parasite loads. Arnebe (2002) also found increasing parasite burden as host
weight increased and noted that the trend was notably due to larger hosts having longer lifespans
and increased parasite survival. Host weight is often considered a major determinant of host
condition, and deficient food supplies often lead to diminishing host quality (Tseng and Myers,
2014). Parasite populations also depend on host prosperity such as fecundity, offspring
condition, and rate of survival (Hawlena et al., 2007). Tseng and Myers (2014) found virus
fitness increased in response to sufficient food availability of their host; the virus benefitted from
host resource availability. A similar situation could have occurred in the present study, in which
the ectoparasites benefitted by the favorable environment on their larger host. Hammerschmidt
and Kurtz (2005) noted that parasites performed better when they were able to avoid detection by
their host’s immune systems. It could be that parasites would more readily parasitize larger
healthier rodents rather than unhealthy hosts with over-active immune systems. Subadult females
had the highest burden, while subadult males had the lowest. Hawlena et al. (2007) also found
large ectoparasite densities on juveniles and proposed that it was most likely a consequence of
greater survival and reproductive output of the parasites on these rodents. They noted that
juveniles spent less time grooming than did adults. Grooming is the most important animal
behavior utilized to reduce the number of parasites present on a host (Mooring et al., 2004). The
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occurrence of subadult females with the highest ectoparasite burden is not well understood.
Polygynous parents devote more energy into male offspring than female offspring under
favorable conditions (McGuirea et al., 2014). Investments for males and female offspring in
polygynous rodents shifted among litters, based on food availability and the mother’s body
weight (Shibata and Kawamichi, 2009). Because the majority of rodent species examined have
promiscuous-mating systems, subadult females might have higher parasite burdens due to
decreased rearing effort by parents (Ribble and Millar, 1996; Becker et al., 2012).
In the present study, male adults had higher average burden than did female adults. This
difference could be due to contrasts in life histories between the two sexes. Male rodents possess
larger home ranges for acquiring mates (Frafjord, 2016), which could lead to greater contact with
ticks in the environment. Sex-specific life histories and affiliations between trade-offs stem from
sex differences in immune responses between immune function and reproductive contributions
(Hamalainen, 2015). The grooming of offspring done by maternal rodents could promote
decreases in parasite populations within the female rodent nest (Champagne et al., 2003).
Significant differences were observed between ectoparasite burdens and host sex, age,
and weight. The differences in ectoparasite burden on a host are probably a product of the host’s
behavior and life-history characteristics. Further investigations, such as the addition of ecological
factors and rate of disease, are needed to better understand this model; the present study provides
insights into the occurrence of ticks on natural populations of rodent hosts.
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Habitat does not affect Rickettsia presence in ectoparasites collected from rodents: a case study in
western Tennessee
Rebecca A. Butler
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Ectoparasites, such as fleas and ticks, are important vectors of pathogens affecting
humans, domesticated animals, and wildlife. It is known that habitat type is a major determinant
of small mammal and associated ectoparasite abundance and community composition; what is
unknown is the role habitats have in the association of a pathogen occurring within an
ectoparasite. I tested the hypothesis that the host’s natural history and habitat type shape the
probability of their ectoparasites serving as hosts of a pathogen. Ectoparasites were collected
from small mammals captured in hardwood forest, pine forest, and early successional field
habitats. The ectoparasites were then screened for Rickettsia using a genus-specific PCR. A total
of 106 ectoparasites consisting of 6 Ixodes scapularis (50.0% positive), 16 Dermacentor
variabilis (31.3% positive), 2 Amblyomma maculatum (50.0% positive), 81 Xenopsylla cheopis
(0.05% positive), and 1 Orchopeas howardii (0.0% positive) were collected from 42 rodents.
These rodents consisted of 14 Peromyscus leucopus with 0.35% Rickettsia-infected
ectoparasites, 26 Sigmodon hispidus with 0.24% infected ectoparasites, and 2 Microtus
pinetorum with 0.0% infected ectoparasites. Despite an adequate sample size, no significant
association between host traits, habitat type, and Rickettsia-positive ectoparasites was detected.
There was a strong tendency for rodent weight to affect Rickettsia prevalence in the associated
ectoparasite complex such that increasing rodent body mass was associated with a reduced
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probability of Rickettsia infection (P = 0.0598); that is, smaller hosts were slightly more likely to
have Rickettsia-positive ectoparasites. Thus, although habitat type and small mammal
availability may shape the abundance and composition of ectoparasite communities, results
suggest that these same determinants do not influence the probability of Rickettsia infection.
Keywords: Rickettsia, vector, pathogen, habitat, host communities
______________________________________________________________________________
Rickettsiae are gram-negative bacteria maintained in natural populations of wildlife (Raoult and
Roux, 1997; Warner and Marsh, 2002; Ying et al., 2017). These bacteria include some of the
most severe pathogens known to parasitize a variety of mammals, and they use a variety of
vectors for transmission including ticks to transmit agents causing spotted fever groups and fleas
to transmit agents causing typhus (Raoult and Roux, 1997; Parola et al., 2005; Sahni and
Rydkina, 2009; Blanton and Walker, 2017). The natural history of small mammals, which serve
as hosts for ectoparasites, is important because they are hosts for vectors and amplifying
reservoirs for pathogens (Ehacek et al., 1992; Barandika et al., 2007). Typically, the host’s
environment is an important component to the community of parasites the host will contact
(Kennedy and Bush, 1994). These ectoparasites are likely influenced by factors associated with
the external environment and internal dynamics of hosts (Krasnov et al., 2006); moreover,
host/habitat studies that analyze the prevalence and burden of ectoparasites collected from hosts
in different habitats are thought to mediate the abundance of ectoparasites (Semtner et al., 1971).
Therefore, a better understanding of rodent life histories, in which fleas and ticks proliferate,
could be used to quantify the likelihood of prevalence of a vector-borne disease VBD, (Sapsford
et al., 2018).
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Although ectoparasite populations are important regulators of small mammal populations,
ectoparasites rely heavily on rodent community structure such as host density, species richness,
and distribution for their own well-being (Poulin, 1998; Stanko and Miklisová, 2002). Life
histories of small mammals also are important factors shaping ectoparasite communities
(Morand et al., 2004.). Male hosts have been found to have higher ectoparasite burdens than do
females (Moore and Wilson, 2002; Morand et al., 2004; Halliday et al., 2014; Hämäläinen et al.,
2014). Similar to host sex, differences in host age attract varying degrees of parasites (Tinsley et
al., 2012). The bias in number of parasites between host sex and age is likely due to differences
in host life histories (Zuk and Mckean, 1996; Nunn and Dokey, 2006). Although it has been
found that body size does not have a role in the extent of parasitism on a host (Stanko and
Miklisová, 2002), host weight could be a consequence of being immuno-compromised by
parasitization (Summerbell et al., 1993). Despite numerous investigations that analyzed the
propensity of parasitic infection on rodent life histories, investigations which analyze a pathogen
in parasites and their affinity to a particular host and its habitat are lacking.
Understanding host-parasite interactions provides crucial insight into epidemiological and
evolutionary processes and may result in additional information to control the spread of vectorborne pathogens to humans (Penczykowski et al., 2016). Rickettsiosis has been noted as a
prevalent VBD in the southeastern United States (Adjemian et al., 2009). The current
understanding of its transmission and maintenance is lacking (Liu and Bonnet, 2014). Thus, the
purpose of this study was to assess the presence of Rickettsia in ectoparasites on rodents
collected from different habitats.
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MATERIALS AND METHODS
Site Selection
This research was conducted from June-July 2013 at the University of Tennessee Hobart
Ames Plantation Research and Education Center (Ames Plantation), located in Fayette and
Hardeman counties, Tennessee. Ames Plantation consists of habitat types such as loblolly pine
plantations, planted in crop rows. Within coniferous forests, sparse amounts of cedar and sapling
hardwoods were present, while plants such as blackberry and poison ivy resided on the ground.
A variety of bottomland and upland hardwoods, ranging from early successional to mature
forests, were present at Ames. These forests generally consist of a mixture of species, such as
oak (Quercus spp.), tulip poplar (Liriodendron tulipifera), hickory (Carya ovata), sycamore
(Platanus occidentalis), and maple (Podophyllum peltatum), while the forest floor contains a
variety of plants like may apple (Podophyllum peltatum), stinging nettle (Urtica dioica), wild
grape (Vitis spp.), and poison ivy (Toxicodendron radicans). Early successional habitat
maintained for wildlife is unique to Ames and provides a haven to species, such as northern
bobwhite (Colinus virginianus) and white-tailed deer (Odocoileus virginianus). These early
successional habitats consist primarily of ragweed (Ambrosia spp.), blackberry (Rubus ursinus),
sagebrush (Artemisia tridentata), switch grass (Panicum virgatum), and big bluestem
(Andropogon gerardii).
Rodent and Ectoparasite Collections
Sherman live traps (7.6 x 8.9 x 22.9 cm) baited with rolled oats were used to capture
rodents. Within each of three habitat types (hardwood forest, pine forest, and grass/forb), 100
traps were set (total n = 300 traps per night). Within each habitat, five transects consisting of 20
traps each, spaced at 10-meter intervals were established. Three nights of trapping were repeated
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three times per replication, resulting in 2700 total trap nights. Sherman live traps were checked
daily, and species, sex, age, and external morphologic measurements of rodents captured were
recorded. All mammals were handled following guidelines of the American Society of
Mammalogists (Sikes et al., 2011), and methods were approved under The University of
Memphis IACUC #0729. Each captured rodent was examined for ectoparasites following
procedures of Benzoni and Cooper (2017), and encountered parasites were placed in labeled
vials containing 70% ethanol, to associate collections with the individual host.
Ectoparasite Identification and Rickettsia Detection
Ticks and fleas were identified to species and life stage (Yunker et al., 1986; Durden and
Keirans 1996; Keirans and Durden, 1998) and then screened for Rickettsia bacteria as described
by Trout Fryxell et al. (2017). Briefly, genomic deoxyribonucleic acid (DNA) was extracted
using the Fermentas Gene Jet Genomic DNA Purification Kit and protocol (Thermo-Fisher
Scientific, Pittsburgh, PA), which yielded 200 µL of genomic DNA eluted in AE buffer.
Ectoparasite DNA was then screened for Rickettsia species by polymerase chain reaction (PCR)
amplification of the 190 kDa protein antigen gene also referred to as the ompA gene (Eremeeva
et al., 1994) and gltA gene (Kollars and Kengluecha, 2001) in separate master mixes using
Maxima Hot Start Green PCR Master Mix (Thermo Scientific, Pittsburg, PA). Positive controls
consisted of tick DNA extractions previously screened positive for R. amblyommatis (99%
identical to GenBank HM446483). Positive PCR products were identified via gel electrophoresis
(1.5% agarose gel: 1x TAE buffer with ethidium bromide for 2 hours at 120 V).
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Statistical Analysis
Prevalence for Rickettsia in each ectoparasite species was examined by analyzing the
number of infected parasites in relation to the total collected. Burden was examined by analyzing
the number of ectoparasites in relation to the number of hosts infested. Statistical Analysis
Software (SAS, ver. 9.4) with two-tailed hypotheses (α = 0.05) was used to test for Rickettsia
prevalence as a binary outcome (i.e., Rickettsia was either present in the ectoparasite or not). To
do this, a generalized linear model (PROC GLIMMIX in SAS) was constructed, with Rickettsia
presence as the dependent variable assuming a binary response distribution. Habitat type in
which a given rodent was captured and components of host life history (age, sex, body mass,
species) were included as main effects. Also, species × sex, weight × species, and weight × sex
two-way interactions were used as main effects. From this full model, a more parsimonious
model through sequential elimination of nonsignificant terms, beginning with the two-way
interactions (Miller 1984; Quinn and Keogh, 2002) was obtained.
RESULTS
Rodent and Ectoparasite Collections
A total of 135 Sigmodon hispidus Say and Ord (26/49 infested with ectoparasites),
Peromyscus leucopus Rafinesque (14/79 infested with ectoparasites), and Microtus pinetorum Le
Conte (2/7 infested with ectoparasites) were collected. A total of 24 ticks (16 Dermacentor
variabilis Say, 6 Ixodes scapularis Say, and 2 Amblyomma maculatum Koch) and 82 fleas (81
Xenopsylla cheopis Rothschild and 1 Orchopeas howardii) were collected from the three species
of small mammals. The overall ectoparasite prevalence was 0.26%, and ectoparasite burden was
2.52%. Infestation prevalence (and burden) for each rodent species was 0.23% (3.2%) for S.
hispidus, 0.35% (1.5%) P. leucopus, and 0.00% (2.5%) for Microtus pinetorum. Fleas were most
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prevalent on S. hispidus, while ticks were more prevalent on P. leucopus (Table 1). Male rodents
carried a higher ectoparasite burden than did females; adults had more parasites than did
juveniles, and hosts found in early successional habitats had more ectoparasites than those
collected from a hardwood or coniferous forest (Table 1).
Rickettsia Detection
Rickettsia was amplified from 13 of 106 ectoparasites collected (12.38%), and this
consisted of 1 A. maculatum (50.00%), 5 D. variabilis (31.25%), 3 I. scapularis (50.00%), and 4
X. cheopis (5.00%). The single O. howardii was negative with both PCR assays. While there
were more fleas captured (n = 81), ticks had an overall higher prevalence for Rickettsia (0.37%)
than did fleas (4.94%) which can be seen in (Table 2). Rickettsia-infestation prevalence (i.e.
number of rodents with Rickettsia positive ectoparasites / number of total rodents) was 0.35% for
P. leucopus, 0.23% for S. hispidus, and 0.0% for M. pinetorum (Table 3). Ectoparasite burden
(i.e. number of ectoparasites found / number of rodents with parasites present) represented 2.5%
for M. pinetorum, 3.2% for S. hispidus, and 1.5% for P. leucopus.
Rickettsia-Associations with Rodents and their Collection Characteristics
Due to the few numbers of Rickettsia-positive ectoparasites, rodent characteristics were
investigated as a total rather than for each rodent species. Rickettsia prevalence and burden was
compared for each rodent characteristic. Adult rodents had a higher Rickettsia prevalence and
burden than did juveniles, males had a slightly higher prevalence than did females but females
had a higher burden than did males, and rodents captured in early successional habitats had a
higher prevalence and burden than did those found in hardwood or pine (Table 3). Overall,
rodent species and their characteristics (e.g., sex, age, and habitat, and the interactions) were not
predictive of Rickettsia prevalence or burden (Table 4). However, iterative removal of
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nonsignificant terms to a more parsimonious model revealed a marginally nonsignificant
tendency for weight to affect Rickettsia prevalence and burden (Figure 1), such that smaller hosts
were more likely to harbor Rickettsia-positive parasites.
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Table 1. Ectoparasite species collected on each host species, sorted by host species, and host sex,
age, and habitat type for each species of ectoparasite.

Total

Orchopeas
howardii

Xenopsylla
cheopis

Amblyomma
maculatum

Dermacentor
variabilis

Ixodes
scapularis

Parasite

Rodent
Species
Microtus
pinetorum
Sigmodon
hispidus
Peromyscus
leucopus
Microtus
pinetorum
Sigmodon
hispidus
Peromyscus
leucopus
Microtus
pinetorum
Sigmodon
hispidus
Peromyscus
leucopus
Microtus
pinetorum
Sigmodon
hispidus
Peromyscus
leucopus
Microtus
pinetorum
Sigmodon
hispidus
Peromyscus
leucopus
Microtus
pinetorum
Sigmodon
hispidus
Peromyscus
leucopus
All*

No. of
Parasites

Rodent Characteristic
Sex
Age
Habitat
Female Male Juvenile Adult Pine Field Hardwood

0

.

.

.

.

.

.

.

0

.

.

.

.

.

.

.

6

.

6

.

6

6

.

.

4

.

4

4

.

.

.

4

5

.

5

.

5

.

5

.

7

4

3

.

7

3

.

4

0

.

.

.

.

.

.

.

1

.

1

.

1

.

1

.

1

.

1

.

1

.

.

1

0

.

.

.

.

.

.

.

74

41

32

4

69

.

74

.

7

.

7

.

7

2

.

5

1

1

.

.

1

.

.

1

0

.

.

.

.

.

.

.

0

.

.

.

.

.

.

.

5

1

4

4

1

0

0

5

79

41

38

4

75

0

80

0

21

4

17

0

21

11

0

10

106

46

59

8

97

11

80

15

*Missing sex and age data for one individual
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Table 2. Number of ectoparasites collected on each rodent (i.e. Microtus pinetorum, MP;
Sigmodon hispidus, SH; Peromyscus leucopus, PL) and prevalence of Rickettsia in each
ectoparasite species (number of Rickettsia-positive parasites / total number of parasites
found).

Ectoparasite
Ixodes
scapularis
Dermacentor
variabilis
Amblyomma
maculatum
Xenopsylla
cheopis
Orchopeas
howardii
Total

No. rodent
No.
hosts
ectoparasites
(MP/SH/PL)
collected
(0/0/3)

6

(1/4/7)

16

(0/1/1)

2

(0/33/4)

81

(1/0/0)

1

(2/38/15)

106

Rickettsiapositive
(Prevalence)
3/6
(50.0%)
5/16
(31.3%)
1/2
(50.0%)
4/81
(.05%)
0/1
(0.0%)
13/106
(12.3%)
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No. rodent hosts
with
Rickettsia-positive
ectoparasite
2
4
1
4
0
11

Table 3. Infestation prevalence (number of rodents with Rickettsia positive ectoparasites /
number of rodents with ectoparasites present) and ectoparasite burden (number of ectoparasites
found / number of rodents with ectoparasites present) of rodents with Rickettsia-positive
ectoparasites by habitat, age, and sex. Values in parentheses are proportions.
Host Species
Microtus
pinetorum

Pine
.

Habitat
Age
Field Hardwood Juvenile Adult
Infestation Prevalence
0/2
0/1
0/1
.
(0%)
(0%)
(0%)

Sigmodon
hispidus
Peromyscus
leucopus

6/26
(0.23%)
2/6
1/1
(0.33%)
(1%)

Total

2/6
7/27
(0.33%) (0.26%)

.

.

0/3
(0%)

2/7
(0.28%)

.

2/9
0/4
(0.22%)
(0%)
Ectoparasite Burden

0/1
(0%)

11/37
5/16
6/25
(0.29%) (0.33%) (0.24%)

.

.

5/2
(2.5%)

4/1
(4%)

1/1
(1%)

Sigmodon
hispidus

.

80/26
(3.2%)

.

4/3
(1.33%)

75/22
(3.4%)

Peromyscus
leucopus

9/6
(1.5%)

2/1
(2%)

10/7
(1.42%)

.

21/14
(1.5%)

Total*

9/6
(1.5%)

82/27
(3.15%)

15/9
(1.66%)

8/4
(2%)
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0/1
(0%)

6/22
3/11
3/14
(0.27%) (0.31%) (0.21%)
5/14
2/4
3/10
(0.35%) (0.5%) (0.3%)

Microtus
pinetorum

*Missing sex and age data for one individual

Sex
Female
Male

1/1
(1%)

4/1
(4%)

41/11
38/14
(3.72%) (2.71%)

4/4
(1%)

17/10
(1.7%)

97/37
46/16
59/25
(2.62%) (2.87%) (2.36%)

Table 4. Effects of host traits and habitat type on Rickettsia infection. Presented is the full
model, after iterative removal of nonsignificant terms, weight remained as the only term
explaining variation in Rickettsia infection. SE = Standard Error, DF = Degrees of Freedom,
F = F-statistic, P = P-value.

Source
Weight

Source
Species
Sex
Age
Habitat
Weight
Species × sex
Weight × species
Weight × sex

Estimate ± SE
-0.011 ± 0.006

Numerator Denominator
DF
DF
F
P
1
102
3.62 0.0598

Num DF
2
1
1
2
1
1
1
1
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Den
DF
92
92
92
92
92
92
92
92

F
0.00
0.00
0.00
0.50
0.01
1.30
0.05
0.11

P
0.9974
0.9608
0.9866
0.6112
0.9220
0.2577
0.8277
0.7462

Probability of Rickettsia infection

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

50

100

150

200

Weight (g)
Figure 1. Fleas and ticks on rodents infected
with Rickettsia in relation to rodent weight.
Solid line represents predicted probability,
and dashed line depict 95% confidence intervals.
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DISCUSSION
Significant trends between the rodent’s habitat type and Rickettsia-positive ectoparasites
was not observed. Although Trout Fryxell et al. (2015) found some associations for
environmental variables predicting tick species and their life stages, no specific habitat variable
was identified. Additional sampling in the current study could have potentially provided
differing results.
While the habitat type did not influence Rickettsia prevalence or burden, there were host
differences. M. pinetorum had the lowest parasite prevalence and burden, S. hispidus had the
greatest burden, and P. leucopus had the highest prevalence. These differences may actually stem
to the behaviors of these rodents. S. hispidus is a habitat specialist that lives in nests in dense,
grassy field-like habitats, which could result in S. hispidus contacting fewer parasite species
because it utilizes horizontal space and also has a reduced preference for habitat types (Schwartz
and Schwartz, 2016). Their nesting behavior and social tendencies are likely the reason many X.
cheopis were on the collected as because fleas also are notorious for living as adults on the
animals and immatures in nesting areas (Ryba et al., 1986; Schwartz and Schwartz, 2016).
M. pinetorum contained the lowest ectoparasite load and lowest prevalence of Rickettsia-infected
ectoparasites, which may stem from the subterranean life history of the species in hardwood
environments (Schwartz and Schwartz, 2016). Although this behavior could provide additional
contact to larval masses or ticks receding into the leaf litter to avoid desiccation, it could reduce
contact between the host and questing ticks. Because M. pinetorum is also a social species living
in underground colonies, more fleas were expected on these animals, but this species is known
for their intensive grooming behavior that may result in tick and flea removal (Roubová et al.,
2015; Schwartz and Schwartz, 2016). The highest ectoparasite prevalence was on P. leucopus,
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which could relate to the generalist nature of the species utilizing all the habitat types surveyed
(Schwartz and Schwartz, 2016); this lifestyle could permit a higher degree of contact with
different ectoparasites in the environment. This rodent also had the highest burden of I.
scapularis, a species that has been found to quest at night (Durden et al., 1996), which coincides
with the rodent’s nocturnal behaviors (Schwartz and Schwartz, 2016). In addition, this rodent is
known to occupy vertical space within the environment and could permit them to contact
questing ticks at a higher degree than could other rodent species (Tomkins et al., 2014; Schwartz
and Schwartz, 2016).
Although there was no other associations between rodent life-history characteristics and
Rickettsia-positive ectoparasites, there was a nonsignificant trend between smaller rodents and
Rickettsia-positive ectoparasites such that host weight was weakly associated with Rickettsia
prevalence. While body mass can correlate with an individual’s overall immunocompetence
(Althaus, 2015), low body weight can be a predisposition of poor immune health and
susceptibility to infection (Perez-Orella, 2005; Gervasoni et al., 2013; and Schulte-Hostedde,
2005; Wu et al., 2018). Body weight is often a reliable factor that provides information regarding
parasite aggregation and community structure (Poulin, 2004; Esser et al., 2016); however, the
relationship between host weight and parasite load has proven complicated suggesting that
additional research is necessary to better understand the variables involved (Kiffner et al., 2013).
Many studies indicate that larger hosts are more likely to support larger numbers of ectoparasites
in contrast to smaller hosts (Moore and Wilson, 2002; Krasnov et al., 2004; Scantlebury et al.,
2010) because ectoparasites have more surface area to infest and persist, which could greatly
predispose the host to pathogens carried by parasites (Moore and Wilson, 2002). Similar
associations also are noted between host size and parasite load and between species richness and
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host size (Gaston and Blackburn, 2000; Jetz et al., 2004; Poulin, 2004). Other studies found that
smaller hosts are more likely to support a larger number of parasites than are larger hosts
(Whiteman and Parker, 2004; Krasnov et al., 2005). Krasnov et al. (2005) reported that underfed
hosts supported higher reproductive yields of flea eggs and larvae, while larger hosts supported
fewer yet higher quality or healthier ectoparasites. In the present study, smaller hosts were more
likely to have Rickettsia-infected ectoparasites. Although, larger rodents typically had increased
burdens of ectoparasites. Blood feeding by vectors suppresses the host immune system and
reiteration of arthropod bites increases the likelihood of contracting the pathogens vectors carry
(Zeidner et al., 1996; Wikel, 1999). This could provide insight into the mechanisms driving the
results in the present study; however, the effects of vectors and their pathogens on hosts leaves
many variables unexplained.
Host age was not associated with ectoparasite prevalence, burden, or Rickettsia
prevalence, which eliminates an association between differences in Rickettsia prevalence and
weight based on the age of the rodents. Developmental atrophy and poor growth were linked to
malnourished diets, while persistent immune stimulation has been linked to susceptibility of
infection independent of diet (Bourke et al., 2016). Weakened hosts could provide higher-quality
food patches for parasites because they are less resilient in combatting infection or generating an
immune response to feeding (Krasnov et al., 2005). Although vector-borne infections rarely
cause obvious disease in their natural hosts, contrary to human hosts (Azad et al., 1997),
literature on the constraints of Rickettisia on their natural hosts are lacking and could have
detrimental effects. Female hosts had an overall higher prevalence for Rickettsia-infected
ectoparasites than did male hosts (Table 3). This could be caused by life-history tradeoffs in
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females, primarily stemming from reproductive pressures, which has been examined in other
mammals (Gerberding, 2004).
Despite an overall (12.3%) Rickettsia prevalence from five ectoparasite species collected
on three rodent species trapped in three different habitats, few ectoparasites were Rickettsia
positive. The present study documented that ticks had a higher Rickettsia prevalence than did
fleas which may be associated with the diversity of hosts on which ticks parasitize, thus
increasing the likelihood of contracting the bacteria (Horn et al., 2009).
Investigations analyzing the movement and behavior of differing hosts and niche-defined
hosts as indicators could provide additional information towards understanding ectoparasite
habitat (Trout Fryxell et al., 2015; Webber et al., 2015). The nonsignificant results from the
present study are likely the result of tick species found in the different habitats due to movements
of their rodent hosts. Additional studies examining the roles that different rodents portray in the
dispersal of parasites could be a key factor in predicting where ectoparasites and their pathogens
occur.
Zahn and Rupp, (2004) noted that malnourished and underweight hosts were parasitized
more readily as a symptom rather than a cause of poor health. Parasites have been found to affect
the overall fitness of a host and cause a plethora of illnesses such as anemia and malabsorbtion
syndrome (Farid et al., 1969; Marshal, 1982; Behera et al., 2008). Nevertheless, pathogens, such
as Rickettsia, transmitted by parasites have detrimental effects on a host’s fitness (Sahni and
Rydkina, 2009). Krasnov et al. (2005) found that the fitness and survival of hungry fleas was
greatly improved when residing on malnourished hosts, which is attributed to a weakened host
immune system (Speakman, 2008). In conclusion, Rickettsia within ticks and fleas were not
affected by their host’s life histories or habitat. While a none significant trend for host weight to
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negatively affect the prevalence of Rickettsia in their ectoparasites was observed in the present
study this is likely due to weakened host immune defenses. However, further work is needed to
examine the mode of rickettsial infection from parasites to host.
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