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Abstract 

Geographical barriers can disrupt mammal dispersal patterns, which may lead to stagnation of 

their gene pool.  Over time this separation can lead to some degree of species differentiation. 

University of Notre Dame Environmental Research Center provides a unique scenario to test 

hypotheses related with mice dispersal. In this study, I focus on the small mammal, Peromyscus 

maniculatus, also know as deer mouse. Tenderfoot Creek separates mice populations and may 

act as a physical barrier, and preventing the dispersal of the deer mice. Mice were collected from 

different locations around the creek, extracted tissue samples from them, and standard molecular 

techniques were utilized to elucidate species separation between the different collection 

locations.  Because we did not get results from the PCR amplifications we proceeded to analyze 

a previously collected series of DNA sequences from a publically available database (GenBank) 

obtained from different locations in North America. Using these data we found that (1) genetic 

similarity between individuals did not always correlate to geographic collection area, (2) several 

individuals from different areas were genetically closer together, (3) geographically farther 

groups were mostly genetically farther from each other. These results, in general, fit my 

hypotheses, with exception for the second observation which shows some individuals from 

different areas that are genetically closely related which suggest that mice may be being 

transported by human’s activities from one area to another. 

 

Introduction 

Gene flow plays an important role in the success of natural populations. Important processes 

such as self-renewal rely on gene flow between groups. Homogeneous populations (not locally 



differentiated) provide a large potential of genetic resources with a broad genetic base for use in 

local restoration activities, and recovering of the population from disturbances (Horning and 

Webster, 2009). Populations that are connected to each other and that maintain a high diversity 

within and across groups have a higher potential to be abundant in terms of individuals and to 

overcome ecological and environmental pressures such as predation and natural disturbances. 

(Inferred from Coll et al, 1994). Gene flow includes all the mechanisms resulting in the 

movement of genes from one population to another. Gene flow can occur due to events such as 

migration, movement of gametes, extinction and recolonization of entire populations, or 

movement of extra nuclear segments of DNA (Slatkin, 1995). It is clearly important because 

besides it is one of the mayor evolutionary forces (Bauduer et al, 2009) it directs essential things 

as restoration, fitness (diseases and external factors resistance, defense mechanisms, etc). 

However gene flow may be affected and disrupted by anthropogenic actions as well as by natural 

geographical and/or physical barriers (mountains, streams, etc). Geographical barriers have the 

potential of separate population and lead to the arising of new species (Mahon et al. 2008). The 

effect of physical separations on the genetic diversity of populations has been previously studied 

(e.g., Mahon et al 2008). From studies such as these, we know that even when populations 

separated by physical barriers  does not decline in size, and the population seems to be healthy; 

genetic and fitness data indicates presence of genetic drift and interbreeding depression. This 

may lead to further problems in terms of survival of restricted populations. (Hitchings, 1997).  A 

disruption in the populations’ gene flow means a disruption of all the processes that gene flow 

and genetic exchange directs (resistance, fitness, evolution, etc), so these previous findings help 

us to understand how crucial a gene flow disturbance can be for populations. 



Mammals usually move from their home range dispersing their alleles for specific genes and 

leading to gene flow across different populations. Barriers on their dispersal may cause 

stagnation of their gene pools in one area and over time result in species differentiation and 

speciation (Gering et al. 2009). Small mammals are more prone to be affected by these 

geographical barriers due to their small home range, and limited capacity to overcome physical 

obstacles (Kurta, 1995). Hence, in this study I focused on the small mammal, Peromyscus 

maniculatus, commonly known as deer mouse.  Peromyscus maniculatus is a very small 

mammal (length: 4.7-6.5 inches). It is widely found in North America, having the most extensive 

range; it occupies a diverse assortment of habitats across the continent (open areas, forested 

habitats, shrubby areas, regenerating clear cuts, recent burns, etc) (Kurta, 1952).This small 

rodent has a variable home range, but most of them travel less than 152 m from the natal area to 

establish their own home range Stickel 1968). Deer mouse have been already suffering 

differentiation, therefore there are four subspecies of P.maniculatus that inhabit North America.  

The University of Notre Dame Environmental Research Center (UNDERC) provides a unique 

site to test hypotheses related to deer mouse dispersal as related to geographical barriers. 

Tenderfoot Creek at UNDERC runs from the south end of property to the north, dividing the 

property in half.  This separation could potentially separate mouse populations and may 

constitute a physical barrier for the mice.  However, it is also known that mice can swim, but 

under what pressures and conditions they do swim is not well known yet. Therefore little is 

known about how Tenderfoot Creek acts as a barrier for the mice dispersal. In this project I 

hypothesize that Tenderfoot creek acts an effective barrier in disrupting gene flow between 

populations around the creek. 

 



 

Materials and Methods 

Study site 

I set three trapping grids at three different locations: (1) Southeast Tenderfoot Creek, (2) 

Southwest Tenderfoot Creek, and (3) Northeast Tenderfoot Creek (Appendix figure 1). The grids 

were located so they were more than 100 meters away from the road and more than 100 meters 

away from the creek; insuring the complete home range of the populations was sampled, and that 

the populations were far enough away from the road that the mice could not be using the road to 

cross the creek. 

Trapping procedure 

Each trapping grid consisted of five parallel transects 15m apart from one another.  Each transec 

thad five sites separated 15m apart.  At each site one Sherman trap was placed for a total of 25 

traps at each grid. I trapped each grid for 6 days until five mice were caught from each grid.  

Each mouse caught was tagged with ear tags and sample of ear tissue was taken. The individuals 

were released immediately after sampling. Ear tissues from the ear punches were preserved in 

95% ethanol until the DNA could be extracted from them.   

DNA extraction &PCR amplification 

I extracted the DNA from the mice tissue using a QiagenDNeasy® Tissue Kit (Qiagen Inc., 

Valencia, CA) following the manufacturer’s instructions. A fragment (~1100bp) of the 

mitochondrial cytochrome b (cytB) gene was amplified using the Cytochrome-b 15334L and 

L14724 (Gering et al, 2009) primers and a reaction cocktail consisting of 0.75U Taq Polymerase 



and 10X PCR buffer, 2.5 mM Mg(OAc)2, 10 nmol of each dNTP, DNA template, primers, and 

water to 25µl. The PCR cycling program included an initial incubation at 95°C for 2 min and 40 

cycles of 94°C for 30 s, 50°C for 1 min, and 72°C for 1 min. This was followed by a final 

extension at 72°C for 5 min.  

 

Unfortunately, I did not get any positive results from the PCR from the samples around 

Tenderfoot creek. This could be due to mistakes in the DNA extraction procedure or the inability 

of the PCR primers to amplify the targeted sequences of the cytochrome B gene.  To test 

hypotheses regarding Peromyscus maniculatus dispersal and molecular speciation, I analyzed 

DNA sequences from a previously published paper (Gering et al, 2009).  Forty six cytB 

sequences, taken from GenBank (http://www.ncbi.nlm.nih.gov); Accession numbers listed in 

supplementary table (Appendix figure 2) , were from mice collected from different locations in 

North America.   

Data analysis 

Using these data, I performed a suite of statistical analyses to analyze haplotype connectivity, 

and to investigate genetic similarity and gene flow between the samples.  I analyzed 46 DNA 

sequences from Gering et al (2009) paper, each sequence comprised of a total of 1011 base pairs 

(sites). Sequences were aligned using BioEdit 7.0.1 (Hall 1999) and COI nucleotide sequences 

were translated to protein sequences to check for sequencing errors. Having aligned the 

sequences I performed a Tajima’s D test and Fu’s Fs test to determine if those DNA sequences 

were evolving neutrally (randomly) or under not random processes (directional selection, 

balancing selection, etc). To get a visual representation of the individuals analyzed I used a 

maximum parsimony coalescent calculation in the program TCS (Clement et al. 2000) with a 



95% confidence interval, from which the haplotype connectivity between individuals were 

visualized; the individuals genetically closer related were grouped in the same haplotype 

networks) the networks were connected in such way that the lines show the relative genetic 

distances between individuals, the separation between circles represents genetic distances; dots 

along the lines are the relative number of base pairs that the two circles or individuals differ from 

each other, and I used different colors to refer to the geographical regions from were the samples 

were taken. 

Finally I used the program Mega 4 (Kumar et al 2008) which calculated the average difference 

within group, and between groups to obtain the genetic similarity between the individuals. Excel 

was used to organize the data and convert the uncorrected p genetic distances to percentages. 

 

Results 

(1) The Tajima’s and Fu’s Fs neutrality tests showed that the DNA sequences changes and 

mutations are evolving randomly (neutrally), not under not random processes such as directional 

selection, stabilizing selection, demographic contraction, etc. No excess in rare polymorphism 

were found, hence things as an increase in population or positive selection are not occurring. 

Table 1. Fu’s Fs and Tajima’s D neutrality tests results. 

Fu's Fs -1.30554 

Tajima's D -0.35247 

 

 

 

 

 

 

Not significant, P>0.10 



 

 

(2) The TCS network produced 7 number of groupings (figure 1) .I found that: Individuals 

genetically more similar are mostly from one area or areas that are close between each other, 

geographically farther groups were mostly genetically farther from each other. Anyhow the 

genetic similarity between individuals did not always correlate to geographic collection area; 

several individuals from different areas were genetically closer together.  

 

 

 

Figure 1. Haplotype connectivity of the analyzed individual. Individuals 

genetically closer are grouped in the same group or haplotype network. The 

color represents a geographic region: Red-East Coast US, Blue-North Central 



US, Green-Central US, Black-Rocky Mountains, White-California, and Grey-

Pacific North West.  

Using Mega 4 program I obtained the percent of differentiation between the individuals within 

each group. The mean within group sequence divergence (uncorrected p distance) was 0.67 %( 

From Table 1). The net between group genetic distances was found to be 3.4 % (From Table 2). 

Table 2. Percent of differentiation between the individuals within each group. Darker colors 

highlight the highest values. 

Group 
% within group 
differentiation 

Amount of 
Individuals 

1 1.237 22 

2 0.692 2 

3 0 1 

4 0.725 7 

5 0.462 3 

6 1.027 7 

7 0.577 4 

 

Table 3.Percent of differentiation between the different groups. 

Groups 1 2 3 4 5 6 7 

1               

2 0.95             

3 4.102 4.006           

4 3.993 4.35 3.834         

5 4.021 4.402 4.088 1.338       

6 3.167 3.535 3.175 3.886 3.839     

7 3.375 3.891 3.742 1.832 2.011 3.836   

 

 

Discussion 

The genetic-geographic distances relationships indicate that geographical barriers are indeed 

causing differentiation between populations analyzed in this study (i.e. from Gering et al 2009). 

The distribution of geographical groups was found predominantly together in the same haplo-

group (Figure 1).  This suggests that the populations are being effectively separated from each 



other by a physical barrier (including distance as a geographic impediment). However, the 

genetic similarity between individuals did not always correlate to geographic collection area; 

several individuals from different areas were genetically closer together (Results Figure 1 and 

Appendix Figure 3). 

Because of the small home range of the mice and limited moving abilities I infer that events 

independent from the mice behaviors and migrations may be leading to that finding, such as 

transportation of individuals by human activities from one population to another or deeper 

reasons as convergent evolution that caused by ecological necessities and/or conditions may lead 

to the evolution of similar traits on distant populations. These suggested explanations should be 

later tested for a better understanding of the distribution of mice populations. 

This work found that the percent sequence differentiation within groups (Table 2) is much lower 

in value than the differentiation between groups (Table 3).  The higher value found between 

groups indicates potential subspecies differentiation, but as the percent values found were less 

than 5%, this does not constitute a value that previous researchers would consider distinct 

genetic species.   

There is a notable differentiation between populations (mostly, but not perfectly distributed 

within the same haplotype networks). This finding reinforces our initial hypothesis and shows 

that geographical barriers are in fact impeding genetic flow across populations and causing 

certain degree of divergence. Geographic distance as an effective barrier to dispersal has been 

limiting the probabilities of mice populations to have contact between each other. We observe 

that the genetic differences increase as the geographical distances increases. Nevertheless genetic 

differentiation showed not always to be correlated with geographic distance, i.e. group two and 



three are geographically close to each other, but they appear to be highly differentiated. This 

differentiation may be due to more specific physical barriers as topography and land obstacles. 

The individual that composes group three may be located in a very inaccessible point in the 

mountains, enough like to prevent it from having contact with other populations. These 

differentiations between populations are important because besides that they reinforce my 

hypothesis about geographical barriers; they show values as high as 4.402. Considering that the 

percent of differentiation between different species of chipmunks is ~5-10 % for the cytB gene 

(A. Mahon, personal communication), it is worth to direct our attention to values as 4.402% 

differentiation between populations of the same species. Speciation may be occurring led by 

geographical barriers, and we may be able to detect it using molecular tools. 

According to my results from the Tajima’s D and Fu’s Fs test the changes and mutations 

occurring in these different populations are occurring under random (neutral) processes; which 

means that no environmental pressures are being exerted to cause the change or evolution of 

these populations. This is important information in order to understand that these populations are 

showing patterns of evolution not forced by not random selection.  

The results bring us some light in terms of geographical barriers acting as effective obstacles in 

disrupting the gene flow between populations and causing differentiation. They do not provide a 

clear understanding of the population dynamics of Peromyscus maniculatus here at UNDERC 

because of the experimental failures experienced during this project. Further studies need to be 

done in order to test the gene flow and disruption of it at a smaller and more local scale.  
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Appendix 

 

Figure 1. Locations of the grids around Tenderfoot creek. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Figure 2. Supplementary table with the sampled localities and Genbank accession numbers of 

cytochrome b (Gering, et al). 

 

 



 

 

 



 

 

 

 

 

 



Figure 3. Sampled locations. Obtained from the previous supplementary table (Appendix Figure 

2) Colors match the figure 1 (results). 

 

 


