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摘要 

寄生蟲對宿主生理、行為與生活史的影響可產生複雜生態演化

效應。除了對宿主生存與繁殖的直接影響，寄生蟲也可能改變宿主

在生存與繁殖間的權衡，且這些影響皆可能隨宿主性別而異。本研

究檢測腸胃道寄生蟲（helminths）對不同性別之台灣森鼠（Apodemus 

semotus）在生存、繁殖以及身體狀況上的影響。實驗方式為隨機給

予一半宿主個體寄生蟲移除藥劑（ivermectin），並持續追蹤宿主的

生存、繁殖及身體狀況達 9 個月（2011 年 8 月至 2012 年 5 月）。我

利用重複捕捉標放的記錄來量化宿主的生存，並藉由雌性陰道口開、

乳頭呈哺乳狀態、懷孕，以及雄性睪丸下降等性徵量化宿主繁殖表

現。宿主身體狀況則是利用體重改變量進行量化。結果顯示，宿主

繁殖隨寄生蟲量增加而提升，且移除寄生蟲降低雌性宿主的生存。

同時，我發現雌性宿主在當下繁殖與未來生存間有權衡的現象

（trade-offs between current reproduction and future survival），顯示寄

生蟲移除可能促使雌性宿主提升對當下繁殖的投資，導致未來生存

機率的降低。寄生蟲移除對宿主身體狀況沒有影響。此外，我並沒

有發現文獻中常提及的雄性宿主寄生蟲量較高的現象（male-biased 

parasitism）。這個研究提供了一個寄生蟲對不同性別宿主會有不同
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影響的實證，且幫助我們了解寄生蟲在宿主生活史權衡上可能扮演

的複雜角色。 

關鍵字：絛蟲、蠕蟲、宿主–寄生蟲間互動、免疫–繁殖權衡、哺乳

動物宿主、線蟲 
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Abstract 

Parasites can influence host physiology, behavior and life history, 

leading to complex ecological and evolutionary consequences. In 

addition to directly influencing host survival and reproduction, parasites 

can also alter the trade-offs between host survival and reproduction. For 

sexual host species, many parasitism effects are sex-specific. In this 

study, I tested sex differences in parasitism effects from intestinal 

helminths on the survival, reproduction and body condition of a rodent 

host, Apodemus semotus. I conducted a field experiment where I 

randomly assigned parasite removal treatment (ivermectin) to half of 

the rodents and tracked their survival, reproduction and body condition 

for 9 months from August 2011 to May 2012. I quantified host survival 

with capture-recapture data, their reproduction by physical signs of 

perforated vagina, lactation or pregnancy in females and descended 

testicles in males, and their body condition with body mass changes. 

My results showed that host reproduction generally increases with 

parasite loads, and parasite removal treatment reduced female A. 

semotus survival. In the meantime, A. semotus exhibit female-only 

trade-offs between current reproduction and future survival, suggesting 

that parasite removal might increase female hosts’ investment in current 

reproduction at the expense of their future survival. I did not find 

parasite removal effects on host body condition. Contrary to the 

male-biased parasitism commonly reported in mammalian hosts, I did 

not find sex-biased parasitism in A. semotus. This study provided an 



iv 

 

empirical case of sex-specific parasitism effects in a common rodent 

host, and highlighted the complex role of parasitism in host life-history 

trade-offs.  

Keywords: cestode, helminth, host-parasite interaction, 

immune-reproduction trade-off, mammalian host, nematode 

 



I 

 

Table of Content 

摘要 ............................................................................................................. i 

Abstract .................................................................................................... iii 

Table of Content ........................................................................................ I 

Tables ........................................................................................................ II 

Figure Legends ....................................................................................... III 

Appendices .............................................................................................. IV 

Introduction ............................................................................................... 1 

Materials and Methods ............................................................................. 5 

Study system ........................................................................................... 5 

Rodent trapping ....................................................................................... 5 

Parasite removal ...................................................................................... 6 

Parasite load and richness ....................................................................... 7 

Statistical analyses .................................................................................. 8 

Results ...................................................................................................... 11 

Discussion ................................................................................................. 13 

Literature cited ........................................................................................ 16 

  



II 

 

Tables 

Table 1. The effects of parasite removal, sex and their interaction on 

intestinal parasite load in Apodemus semotus. .................................. 23 

Table 2. The effects of parasite removal, sex and their interaction on 

intestinal parasite richness in Apodemus semotus. ........................... 24 

Table 3. The likelihood ratio tests of parasite removal, sex and their 

interaction on Apodemus semotus survival, reproduction and body 

condition. .......................................................................................... 25 

 

 

  



III 

 

Figure Legends 

Figure 1. The location of study site and trapping grid layout in She-Pa 

National Park. ................................................................................... 26 

Figure 2. The parasite load in female and male Apodemus semotus 

between the control and parasite-removal groups. ........................... 27 

Figure 3. The frequency distributions of parasite richness in (A) female 

and (B) male Apodemus semotus between the control and 

parasite-removal groups. ................................................................... 28 

Figure 4. The correlations between parasite load and richness in 

Apodemus semotus. ........................................................................... 29 

Figure 5. The frequency distributions of (A) female and (B) male 

Apodemus semotus with different life history strategies. ................. 30 

Figure 6. The odds ratios of future survival in Apodemus semotus. ......... 31 

Figure 7. The correlations between parasite load and (A) survival and 

(B) reproduction in Apodemus semotus. ........................................... 32 

 

  



IV 

 

Appendices 

Appendix I. Common parasite taxa found in Apodemus semotus at the 

study site. .......................................................................................... 33 

Appendix II. Laboratory experiment on the effects of Ivermectin on 

body mass and parasite load in Apodemus semotus. ........................ 34 

 



1 

 

Introduction 

Parasites can affect host physiological condition (Simon et al. 2004; 

Schwanz 2006; Gooderham & Schulte-Hostedde 2011), behavior 

(Moore & Wilson 2002) and life history (Krasnov et al. 2005; Telfer et 

al. 2005; Kallio et al. 2007; Vandegrift et al. 2008), leading to complex 

ecological and evolutionary consequences. For example, Pedersen and 

Greives (2008) showed that intestinal helminth parasites interact with 

food supply to regulate rodent populations. Furthermore, natural host 

populations are often composed of heterogeneous sex and age groups 

(Hawlena et al. 2006; Khokhlova et al. 2010; Duneau & Ebert 2012), 

each potentially interacting with parasites differently. For example, 

sex-specific vital rates, such as female-biased survival, are frequently 

found in vertebrates (Jorgenson et al. 1997; Tavecchia et al. 2001; 

Stanford & King 2004; Christe et al. 2007), and a review of mammalian 

species revealed that male-biased parasitism can explain this 

female-biased survival (Moore & Wilson 2002). Therefore, parasitism 

as a driving force for maintaining sex-specific vital rates, or other traits, 

could be a wide-spread phenomenon.  

Sex-biased parasitism in vertebrate hosts can come from sex 

difference in immunity, life history and/or behavior (Butterworth et al. 

1967; Schuurs & Verheul 1990; Zuk & McKean 1996). In males, 

testosterone competes with antibody for resources (Poulin 1996; Klein 

2000) and a high level of testosterone could lead to suppression of 
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immune function (i.e. immunosuppression) (Hou & Wu 1988; Klein 

2004). Therefore, male hosts are believed to be particularly vulnerable 

to parasitism (Folstad & Karter 1992; MacIntosh et al. 2010). Female 

immune functions in comparison may be less costly and more efficient 

(Klein 2000; Zuk & Stoehr 2002), leading to better defended female 

hosts. However, females also face unique challenges during 

reproduction due to increased demands for energy and nutrients, which 

may constrain their investment in immune function (Barger 1993; Smith 

et al. 2006). At the same time, breeding females may become more 

willing to forage in areas of high parasitism risk (Smith et al. 2006). 

Therefore, female hosts can experience trade-offs between immune 

function and reproduction in a similar way as male hosts.  

If female hosts use defense strategy while male hosts use tolerance, 

we would expect male-biased parasitism, and as parasitism increases, 

males should have higher reproduction and females should have lower 

reproduction. On the other hand, if both females and males use 

tolerance as the primary strategy, we would expect increased 

reproduction in both sexes as parasitism increases, with a lack of 

sex-biased parasitism. In a rodent host, Apodemus sylvaticus, Bordes et 

al. (2012) found evidence that females may invest more in immune 

defense against parasite load, but in the meantime, become more 

tolerant of parasite diversity. Thus, females’ response to parasitism 

could be even more dynamic than males.    

 Life history theory predicts trade-offs between survival, current 
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reproduction and future reproduction under limited resources or 

biological constraints (Stearns & Koella 1986). Sex difference in life 

history trade-offs could lead to sex-specific parasitism effects on host 

survival and reproduction. For example, Vandegrift et al. (2008) 

experimentally demonstrated sex-specific parasitism effects in the 

White-footed mouse (Peromyscus leucopus) — females that received 

parasite removal treatment showed increased body mass and extended 

breeding season whereas males that received parasite removal showed 

increased survival. Similarly, Neuhaus (2003) demonstrated that female 

Columbia ground squirrels (Spermophilus columbianus) that received 

parasite removal treatment showed increased body mass during 

lactating period and the number and quality of their offspring also 

improved.  

    Given the immunosuppression in male, we may expect a positive 

relationship between parasitism load and male reproduction, and a 

negative relationship between parasitism load and male survival. 

Consequently, parasite removal should increase male survival but have 

no influence on their reproduction. Similar predictions apply to females 

if they also use tolerance. However, if they use defense, we may expect 

a negative relationship between parasitism load and female reproduction 

and a lack of relationship between parasitism load and female survival. 

Consequently, parasite removal should increase female reproduction but 

have no influence on their survival.  

    I used a field manipulative experiment to study the effects of 
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intestinal helminth parasites on the survival, reproduction and body 

condition of the Taiwan field mouse (Apodemus semotus). Apodemus 

semotus breeds twice a year in spring and fall, and suffers a lower 

survival in winter (Lin & Shiraishi 1992a; Huang et al. 1997). 

Furthermore, A. semotus exhibits male-biased sexual size dimorphism 

(Lin & Shiraishi 1992a; Yu 1993), suggesting sexual selection and/or 

sex-specific natural selection. Therefore, sex-specific life history 

strategies likely exist in this species, making them an ideal host species 

to study sex-specific parasitism effects. Taiwan is a subtropical island in 

Asia, a geographic region strongly under-presented in host-parasite 

studies. Therefore, this study system can add a valuable empirical case 

to host-parasite studies.  

From August 2011 to May 2012, I conducted a parasite removal 

experiment to reduce intestinal helminth parasites from individual A. 

semotus, and I monitored their survival, reproduction and body 

condition. My specific questions are: 1) Is there male-biased parasitism? 

2) Does reproduction increase or decrease with parasite load? 3) Does 

parasite removal treatment increase survival, reproduction or body 

condition? 4) Are there evidence for the trade-offs between current 

reproduction and future survival in the host mediated through parasitism? 

For questions 2-4, I examined sex-specific parasitism effects.   
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Materials and Methods 

Study system  

    Apodemus semotus is a habitat generalist with a wide elevational 

distribution in Taiwan (c. 1500-5000 m; Yu 1994). My survey data 

indicated that A. semotus is host to many common intestinal nematodes, 

such as Strongyloides sp., Physaloptera sp., Ancylostoma sp., Trichuris 

sp. and Capillaria sp. (Appendix I). 

The study site is located in Shei-Pa National Park in central Taiwan 

(Fig. 1). Two sites, each having two plots, are included. One site is in a 

mixed broadleaf/confer forest (plot D: 24゜40’ 9.2” N, 121゜30’ 77.2” 

E; plot Q: 24゜39’97.8”N, 121゜30’77.2”E) and the other is in an 

old-field (plot K: 24゜39’ 51.8” N, 121゜30’ 55.0” E; plot G 24゜38’ 

79.0” N, 121゜30’ 60.3” E). One-hundred trapping stations were 

established within each plot, which were distributed among four 

trapping grids (each grid had 25 trapping stations arranged in a 5 x 5 

array with 10 m between stations).  

Rodent trapping  

From August 2011 to May 2012, I conducted five trapping sessions 

(August and November 2011; January, March and May 2012). The 

entire trapping period covered one overwinter period (November 2011 

through March 2012) and both the fall and spring breeding seasons 

(August through November 2011 and March through May 2012). Two 

traps were placed at each trapping station, and each trapping session 
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comprised five consecutive nights with the exception of March for 

which the trapping was terminated after the third night due to heavy 

disturbance from unknown animals. Upon first capture, each individual 

rodent was given a unique tag (Radio Frequency Identification tag; 

Watron Technology co., LTD., Hsinchu, Taiwan). The tag was 

implanted subdermally while the animal was under anesthesia. Sex, 

weight and external signs of being reproductively active (females: 

perforated vagina, lactating or pregnant; males: descended testicles; 

Gurnell & Flowerdew 1990). Individuals were categorized as adult or 

juvenile based on their weight and pelage color (Gurnell & Flowerdew 

1990; Lin & Shiraishi 1992b). Only adults were included in this study. 

All individuals were released at the trapping station they were caught at 

immediately after processing. 

Parasite removal  

Each individual A. semotus was randomly assigned to parasite 

removal or control treatment upon first capture. Once assigned to a 

treatment type, the same individual would continue to receive the same 

treatment during subsequent trapping sessions. The individuals in the 

parasite removal group were given an oral dosage of ivermectin 

(Lambriar Animal Health Care, Fairbury, NE, USA; dosage: 250 μg/μl 

per 25 g body weight; Quesenberry & Carpenter 2011). For individuals 

that weighed less than 13 g, I used a lower dosage (175 μg/μl). 

Ivermectin is nontoxic (Victoria & Trujillo 2001) and has been shown to 
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effectively reduce intestinal helminthes in small mammals (Pedersen & 

Greives 2008). I also conducted a preliminary laboratory test to confirm 

that the 250 μg/μl dosage was effective in reducing parasites in A. 

semotus and did not negatively affect host body condition (Appendix II). 

The individuals in the control group were given sugar water.  

Parasite load and richness 

I collected fresh fecal samples from all captured A. semotus. Each 

fecal sample was weighed and immediately placed into 10% Formalin. 

Within 48 hours, I replaced Formalin with distilled water and 

homogenized fecal materials. I filtered the homogenized fecal materials 

through a 0.25 m/m (300～400 µm) sieve to separate large particles that 

were not likely parasite eggs (most known helminth eggs are < 150 µm; 

Foreyt 2001). Filtered fecal samples were centrifuged at 200 G for 7 

minutes and the distilled water was replaced with a floating solution 

made of 750 μl sugar water with a specific gravity of 1.4 (Meyer‐Lucht 

& Sommer 2005). The floating solution was placed on a shaker to mix 

the fecal materials in the solution and then sit overnight to allow 

parasite eggs to float to the surface by gravity. A subsample of 75 μl 

floating solution was used in quantifying parasite eggs and identifying 

parasite taxa. All procedures followed Foreyt (2001) with minor 

modifications. The number of parasite eggs per gram of fecal materials 

(number of parasite eggs in a subsamplex10/ fecal sample weight in g) 

was used to quantify parasite load (fecal egg count, FEC), and the 
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number of different parasite taxa (Appendix I) found in a fecal sample 

was used to quantify parasite richness.  

Statistical analyses 

I evaluated the effects of parasite removal (ivermectin) and sex on 

parasite load using the analysis of variance (ANOVA). The fixed factors 

are parasite removal, sex and their interaction; the response variable is 

the parasite load of the fecal samples taken from the same individuals 

during the trapping session following their initial treatment. For 

example, November fecal samples were used for those individuals that 

first received ivermectin or sugar water in August. Similarly, the 

parasite richness was measured with the fecal samples taken from the 

same individuals during the trapping session following their initial 

treatment. I used the Kruskal-Wallis test to test parasite removal effects 

and sex differences in parasite richness. The parasite removal effects 

were tested with all individuals combined, and sex differences were 

tested separately for the control and parasite-removal groups. I tested 

the relationship between parasite load and richness using Spearman 

correlation.  

I used Chi-Square contingency table tests to compare the 

frequency distributions of different life history strategies between the 

control and parasite-removal groups, for females and males separately. 

When an individual was first captured, its reproductive status (1 = 

showing reproductive signs; 0 = not showing reproductive signs) was 
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recorded as the current reproduction value. If the same individual was 

re-captured in subsequent trapping sessions, its future survival was 

recorded as 1; otherwise, its future survival was recorded as 0. I 

classified the life history strategies with respect to current reproduction 

and future survival into three categories: “no current reproduction and 

no future survival” (CR-SF-), “current reproduction with no future 

survival” or “future survival with no current reproduction” (CR or SF), 

and “current reproduction with future survival” (CR+SF+).    

I used generalized linear models with binomial distributions and 

type 3 likelihood ratio tests to examine the effects of parasite removal, 

sex and their interactions on A. semotus future survival, future 

reproduction, or body mass change. The future reproduction was 

measured in a similar way as future survival. If an individual showed 

reproductive signs in any subsequent trapping session following its 

initial treatment, its future reproduction was recorded as 1; otherwise, 

its future reproduction was recorded as 0. However, because an 

individual must be recaptured in at least one subsequent trapping 

session for me to evaluate its future reproduction, the sample size for 

reproduction regression was limited to those individuals that had a 

survival value of 1. The body mass change is defined as a binomial 

variable. If the average body mass of an individual following its initial 

treatment was higher than its body mass at the time of the initial 

treatment, its body mass change was recorded as 1; otherwise its body 

mass change was recorded as 0 (this included individuals that lost or 
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maintained body mass following the initial treatment).  

I tested the overall relationship between parasite load and the 

survival, reproduction or body mass of A. semotus using Spearman 

correlation, with the individuals from both parasite-removal and control 

groups combined. The average values of parasite loads and body mass 

of an individual, the number of months it was known to have survived, 

and the number of trapping sessions it was recorded to be in 

reproductive status, were used in these correlations.      

All statistical tests were performed in SAS 9.3. Type I error was set 

at 0.05.  
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Results 

    Ivermectin significantly reduced parasite load in both male and 

female A. semotus, and the sexes did not differ in their parasite load 

(Tables 1; Fig. 2). Ivermectin also lowered parasite richness in A. 

semotus (Kruskal-Wallis test, χ
2
 = 4.89, P = 0.03, n = 38; Fig. 3). The 

females and males did not differ in parasite richness (control: χ
2
 = 1.10, 

P = 0.30, n = 20; parasite removal: χ
2
 = 0.99, P = 0.32, n = 18; Fig. 3). 

Parasite load and richness were positively correlated (rs =0.69, P < 

0.0001, n = 38), regardless of parasite removal treatment (control: rs = 

0.60, P = 0.006, n = 20; parasite removal: rs = 0.53, P = 0.025, n = 18; 

Fig. 4). 

The control and parasite-removal groups in female A. semotus 

exhibited different patterns in life history strategies (χ
2
 = 9.11, P = 0.01, 

DF = 2). Compared to the controls, the females that received parasite 

removal were less likely to reproduce at the time of the initial treatment 

and then survive into subsequent trapping sessions (“current 

reproduction with future survival”; Fig. 5A). For the males, however, 

the control and parasite-removal groups showed a similar pattern in life 

history strategies (χ
2
 = 4.78, P = 0.09, DF = 2; Fig. 5B). Because female 

reproduction was determined by signs of mating (perforated vagina), 

pregnancy, and/or lactating, and ivermectin effects on lowering parasite 

load can occur in less than 10 days (Appendix II), the switch from 

future survival to current reproduction in the females suggests increased 

post-mating reproduction investment (e.g. increased litter size, 
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increased parental care) in response to parasite removal. On the other 

hand, male reproduction was determined by signs of mating potential 

(descended testicles), the parasite removal treatment was unlikely to 

influence their current reproduction investment.   

Parasite removal did not affect future reproduction or body mass 

change in A. semotus (Table 3), but sex-specific effect on their future 

survival was found (Table 3). The contrast comparisons for each sex 

indicated that only the females that received parasite removal treatment 

experienced a reduction in future survival (females: χ
2
 = 4.17, P = 0.04, 

DF = 1; males: χ
2
 = 0.49, P = 0.48, DF = 1; Fig. 6).  

The parasite load was positively correlated with the number of 

reproduction in A. semotus but not the length of their survival 

(reproduction: rs = 0.37, P = 0.014; survival: P = 0.7, n = 43; Fig. 7). Of 

the 43 individuals in these analyses, 5 had only parasite load data at the 

time of their initial treatment, and thus were not included in the 

evaluation of parasite removal effects and sex differences in parasite 

load.  
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Discussion 

This study demonstrated that host sex and reproductive status can 

influence the effect of intestinal parasites on future survival of the host, 

A. semotus. Specifically, the females that were reproducing (e.g. mating, 

pregnancy, lactating) at the time of parasite removal treatment exhibited 

lower future survival. Lower future survival could mean fewer 

opportunities to reproduce. Therefore, this helps explain why current 

reproduction was positively associated with future survival in female 

control group but not in female parasite-removal group.  

Parental care in A. semotus is provided solely by the mothers (Lin 

& Shiraishi 1992a). In wild, their litter size is estimated between 1 and 

6 (Lin & Shiraishi 1992a; Huang 1997). Therefore, reproduction cost 

could be high for female A. semotus, especially those mothers with 

larger litter sizes. One of the most important infection routes of 

intestinal parasites is through ingestion of contaminated food (Coop et 

al. 1982), which may explain why animals generally avoid feeding in 

areas contaminated with feces (Forbes & Hodgson 1985; Hart 1990; 

Lozano 1991; Hutchings et al. 1998; Allan et al. 2010). Mothers with 

large litter sizes, however, often need to increase their food intake, and 

thus may be more willing to feed in contaminated areas (Barger 1993; 

Smith et al. 2006). 

Life history predicts trade-offs between survival, current and future 

reproduction (Williams 1966; Pianka & Parker 1975; Forbes 1993; 
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Perrin et al. 1996; Schwanz 2006). With a potentially high reproduction 

cost, a female may maximize her current reproductive output at the 

expense of future survival (Schwanz 2008), or, she may have a smaller 

litter or invest less in parental care in exchange for future survival. 

Considering that female control group showed a positive association 

between current and future reproduction, and in a lab colony, Lin & 

Shiraishi (1992a) reported that the number of the second litter tended to 

be larger than that of the first litter, I suggest that female A. semotus 

tend to limit their investment in current reproduction for future survival 

under normal circumstances. However, when their parasite load is 

lowered by ivermectin and it becomes less energy demanding to raise 

large litter sizes, female A. semotus may switch to the strategy of 

maximizing current reproduction at the expense of future survival.  

Contrary to the male-biased parasitism frequently reported in 

mammals (Folstad & Karter 1992; Moore & Wilson 2002; MacIntosh et 

al. 2010), I did not find sex differences in parasite load or richness in A. 

semotus. Furthermore, I also did not find evidence for the presumed 

immune-testosterone trade-offs (Hou & Wu 1988; Klein 2004) in the 

male A. semotus. Although this species exhibits male-biased size 

dimorphism (Lin & Shiraishi 1992a; Yu 1993), multiple paternity has 

also been documented in many Apodemus species (A. agrarius, A. 

sylvaticus; Baker et al. 1999), suggesting the benefits of increased 

testosterone in A. semotus may not be as strong as in other species. 

Another possible explanation for this lack of male-biased parasitism is 
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male adaptive response to an environment of high parasitism risk, by 

simultaneously increasing immune response and testosterone 

investment (Derting & Virk 2005; Mills et al. 2010). However, the 

positive correlation between long-term average parasite load and 

reproduction found in this study does not seem to support such adaptive 

response. Testing sex-biased parasitism and sex-specific parasitism 

effects across species with different mating systems, from monogamy to 

polygamy, polyandry and promiscuity, should yield interesting insights 

into host-parasite interactions in future studies.  

    This study provided an empirical case showing that the effects of 

intestinal parasites on a mammalian host can be influenced by 

sex-specific life history traits. One major limitation of this study, 

however, is that my rodent trapping might be too sparse with respect to 

A. semotus’ short life span. Of the 286 unique individuals every 

captured in my study, only 43 had at least one recapture history, leading 

to a small sample size in the analysis of future reproduction and a low 

count of survival value of 1. In addition, A. semotus populations at the 

study site fluctuates from year to year, and they appeared to experience 

a decreasing phase during the study period (2010-2011; P.L. Shaner, 

unpublished data 2008-2012), which might have further limited my 

sample sizes and statistical power. Future studies with a trapping 

protocol more tailored to the host’s natural history and population 

dynamics should yield fruitful results.     
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Tables 

Table 1. The effects of parasite removal, sex and their interaction on 

intestinal parasite load in Apodemus semotus. The parasite load is 

the number of parasite eggs per gram of fecal materials. All fecal 

samples were taken from the rodents in the next trapping session 

following their initial treatment.    

 

Effect Num DF Den DF F P 

parasite removal 1 34 5.27 0.03 

sex 1 34 0.41 0.53 

parasite removal x sex 1 34 0.07 0.79 
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Table 2. The effects of parasite removal, sex and their interaction on 

intestinal parasite richness in Apodemus semotus. The parasite 

richness is the number of parasite taxa (Appendix I) found in a fecal 

sample. All fecal samples were taken from the rodents in the next 

trapping session following their initial treatment.    

 

Effect DF χ
2
 P 

parasite removal 1 6.14 0.01 

sex 1 0.01 0.92 

parasite removal x sex 1 1.96 0.16 
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Table 3. The likelihood ratio tests of parasite removal, sex and their interaction on Apodemus semotus survival, 

reproduction and body condition. The future survival (1 or 0) is defined as whether a rodent had survived to any of the 

trapping sessions subsequent to its initial treatment. The future reproduction (1 or 0) is defined as whether a rodent 

showed any signs of reproduction (perforated vagina, lactation or pregnancy in females; descended testicles in males) in 

any of the trapping sessions subsequent to its initial treatment. The body condition was the gain (=1) or no gain (=0) in a 

rodent’s body mass between the time of its initial treatment and all subsequent time periods. The number of unique 

individuals included in each analysis: 286 for survival, 43 for reproduction and 39 for body condition.  

 

Effect DF Future survival Future reproduction Body mass gain 

  χ
2
 P χ

2
 P χ

2
 P 

parasite removal 1 0.95  0.33  1.43 0.23 1.47 0.23 

sex 1 1.45 0.23 0.13 0.72 0.06 0.81 

parasite removal x sex  1 3.84 0.05 0.22 0.64 0.45 0.50 
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Figures 

Figure 1. The location of study site and trapping grid layout in 

She-Pa National Park. The photos show the typical vegetation at each 

of the two plots in the forest and field habitats.  
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Figure 2. The parasite load in female and male Apodemus semotus 

between the control and parasite-removal groups. The parasite load 

is the number of parasite eggs per gram of fecal materials (FEC). All 

fecal samples were taken from the rodents in the next trapping session 

following their initial treatment. The unfilled and filled bars denote the 

control and parasite-removal group respectively. The error bars denote 

standard errors of the least-square means. The numbers above the bars 

denote sample sizes. 
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Figure 3. The frequency distributions of parasite richness in (A) 

female and (B) male Apodemus semotus between the control and 

parasite-removal groups. Parasite richness is the number of parasite 

taxa at genus level (Appendix I). All fecal samples were taken from the 

rodents in the next trapping session following their initial treatment. The 

unfilled and filled bars denote the control and parasite-removal group 

respectively.  
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Figure 4. The correlations between parasite load and richness in 

Apodemus semotus. The parasite load is the number of parasite eggs 

per gram of fecal materials (FEC). The parasite richness is the number 

of parasite taxa at genus level (Appendix I) in a fecal sample. The 

unfilled and filled circles denote the control (n = 20) and 

parasite-removal (n = 18) groups respectively.  
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Figure 5. The frequency distributions of (A) female and (B) male 

Apodemus semotus with different life history strategies. The unfilled 

and filled bars denote the control and parasite-removal group 

respectively. The life history strategies are: “no current reproduction 

and no future survival” (CR-SF-), “current reproduction with no future 

survival” or “future survival with no current reproduction” (CR or SF), 

and “current reproduction with future survival” (CR+SF+).  
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Figure 6. The odds ratios of future survival in Apodemus semotus. 

The odds ratios are the odds of the individuals that received parasite 

removal treatment divided by that of the control group, which were 

estimated for the females and males separately in the contrast 

comparison following the general linear model, log(odds ratios) = 

parasite removal + sex + parasite removal x sex. The error bars denote 

the 95% confidence intervals of the estimated odds ratios. The dashed 

line denotes the null hypothesis that the control and parasite-removal 

groups have equal odds of future survival (odds ratio = 1). An odds ratio 

below 1 indicates lower odds of surviving in parasite-removal group 

compared to the control whereas an odds ration above 1 indicates higher 

odds of surviving in parasite removal group compared to the control.    
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Figure 7. The correlations between parasite load and (A) survival 

and (B) reproduction in Apodemus semotus. The parasite load is the 

average number of parasite eggs per gram of fecal materials (FEC) of an 

individual. The survival is the total number of months that an individual 

was known to be alive based on capture-recapture records. The 

reproduction is the number of trapping sessions that an individual was 

found to show signs of reproduction. The unfilled and filled circles 

denote the control (n = 21) and parasite-removal (n = 22) groups 

respectively.    
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Appendices 

Appendix I. Common parasite taxa found in Apodemus semotus at the study site. Prevalence was estimated as the 

number of infected host divided by total number of host examined. Parasite load was quantified with the number of 

parasite eggs per gram of fecal materials (FEC). Each of the four trapping session (November 2011, January, March and 

May 2012) in each of the two habitat types (forest, field) was treated as one sampling unit in estimating parasite 

prevalence (n = 8). Each individual fecal sample was treated as one sampling unit in estimating parasite load (n = 176 

from 112 unique A. semotus individual; multiple fecal samples from the same individual were always taken in different 

trapping sessions).   

Morphotype Group Genus Median prevalence 

 (5-95
th

 percentiles) 

Median load 

(5-95
th

 percentiles) 

M1 Nematode Trichuris sp / Capillaria sp. 0.15 (0.00-0.36) 0 (0-2000) 

M2 Nematode Syphacia muris 0.00 (0.00-0.04) 0 (0-0) 

M3 Nematode Physaloptera praeputialis 0.35 (0.25-0.58) 0 (0-13636) 

M4 Nematode Ancylostoma sp. 0.36 (0.00-0.60) 0 (0-5500) 

M5 Nematode Ascaris sp. 0.07 (0.00-0.33) 0 (0-294) 

M6 Nematode Strongyloides sp. 0.49 (0.14-1.00) 0 (0-9200) 

M7 Nematode Heterakis spumosa 0.03 (0.00-0.14) 0 (0-270) 

M8 Cestode Taenia sp. 0.00 (0.00-0.03) 0 (0-0) 

M9 Cestode Hymenolepis sp. 0.13 (0.00-0.33) 0 (0-3333) 

M10 Cestode Raillietina sp. 0.00 (0.00-0.04) 0 (0-0) 
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Appendix II. Laboratory experiment on the effects of Ivermectin on 

body mass and parasite load in Apodemus semotus. The three A. 

semotus were caught from locations near the study site. One male 

(diamonds) and two females (squares and triangles) were given an oral 

dosage of Ivermectin (250 μg/μl) and weighted to the nearest 0.1g on 

day 0. The weights of the male and one of the two females were 

monitored on day 9, 17, 22 and 58 whereas the weight of the remaining 

female was monitored on day 9, 17, 23 and 43 (A). The parasite load 

was quantified with number of eggs per gram of fecal materials (FEC), 

which was monitored on day 0, 9, 17 for the male and one of the two 

females and on day 0, 9, 23 for the second female (B). Each individual 

was housed separately under 12:12 h light-dark cycle. The ambient 

temperature was kept at 21˚C during the light hours and 15˚C during the 

dark hours, which reflects the range of diurnal temperature fluctuation 

at the study site. Food and water were provided ad libitum. 

 

 

 


