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CHAPTER I 

INTRODUCTION 

Background and Significance 

The hispid cotton rat (Sigmodon hispidus) is a sigmodontine rodent with a 

continuous distribution extending from the eastern and south-central regions of 

the United States to the northern portions of South America (Bailey 1902; Baird 

1855; Hall 1981; Say and Ord 1825). A high degree of morphological similarity 

within this wide-ranging species (Bailey 1902; Cabrera 1961; Baker 1969; Elder 

1980; Nelson and Goldman 1933; Zimmerman 1970) has led to the historical 

acceptance of a monotypic S. hispidus occurring throughout this wide and 

ecologically diverse geographic region (Fig. 1.1). However, recent research 

efforts using the mitochondrial cyt b gene indicate that S. hispidus, as 

traditionally recognized, is composed of at least three distinct species: S. 

hirsutus, in the southern portion of the range; S. hispidus, in the northern portion 

of the range; and S. toltecus, in the central portion of the range (Peppers and 

Bradley 2000; Peppers et al. 2002). Mitchondrial sequence data obtained from 

these previous studies have shown that higher levels of intraspecific genetic 

variation exist between historically recognized S. hispidus subspecies than the 

interspecific variation between S. hispidus and other Sigmodon species. 

Additionally, the traditional arrangement of S. hispidus is polyphyletic with a clade 

containing S. mascotensis, S. arlzonae, and S. alleni positioned sister to the 
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northern S. hispidus clade. The taxonomic problems encountered within the S. 

hispidus group also exists within the entire genus Sigmodon. Two species 

groups are recognized within Sigmodon (Bailey 1902; Peppers and Bradley 

2000; Peppers et al. 2002): The hispidus group (S. alleni, S. arlzonae, S. 

hirsutus, S. hispidus, S. mascotensis, S. ochrognathus, and S. toltecus), and the 

fulviventer gtoup(S. leucotls, S. fulvlventer, S. peruanus, and S. alstoni). 

Problems with the current Sigmodon taxonomy include a lack of data concerning 

the relationships between S. arlzonae, S. alleni, S. fulvlventer, S. mascotensis, 

and S. ochrognathus. Also, the level of genetic variability within each of these 

species is poorly understood (Peppers and Bradley 2000; Peppers et al. 2002). 

Although previous studies began to address some of the taxonomic 

concerns within Sigmodon, a lack of sufficient samples prevented the 

demarcation of species boundaries (Peppers and Bradley 2000). This is most 

notable in the newly recognized cryptic species (S. hirsutus and S. toltecus) 

within the traditional S. hispidus. An increased sampling and genetic analysis of 

all of the members of the S. hispidus species group clearly is warranted. 

The cyt b gene has been useful in evaluating species level questions in 

many vertebrate groups (Avise 1986; Edwards et al. 2001; Gill et al 1993; 

Lawson 1987; Peppers and Bradley 2000; Sullivan et al. 1997; Sullivan et al. 

2000; Tiemann-Boege et al. 2000). Although cyt b is a useful marker at this 

level, any single marker approach introduces problems such as the construction 

of a gene tree rather than a species tree (Avise 1986). Further, the use of a 



mitochondrial marker is complicated by lineage sorting and the retention of 

ancestral polymorphisms (Avise 1989; Avis and Ball 1990). To address this 

concern a nuclear marker will be tested in an attempt to evaluate the data trends 

seen in the mitochondrial data. 

Research regarding the phylogenetic utility of nuclear genes has provided 

several useful markers at various taxonomic levels (Avis 1986; Lawson 1987; 

Lyons et al. 1997; Roca 2001). However, relatively few of these have proven 

useful at the species level (Prychitko and Moore 1997; 2000). A potentially 

useful nuclear marker that appears to be phylogenetically informative at this level 

is intron 7 of the beta fibrinogen gene (Prychitko and Moore 1997; 2000; Seddon 

et al. 2001). This region has been found to be informative at the species level in 

several members of the avian Family Picidae (=800Bp). These previous studies 

have shown that phylogenetic studies using beta fibrinogen 7 Intron (BflbIT) 

sequences produce trees whose topologies were similar to those based on cyt b 

data. 

Objectives 

The three objectives of this research are listed below. 

1. To utilize cyt b to examine the phylogenetic relationships among taxa in 

the genus Sigmodon and refine the geographic boundaries of species. 

2. To identify a nuclear marker (BflbIT) that evolves at a rate similar to cyt b 

for a comparison to existing phytogenies. 



3. Generate phytogenies using both cyt b and a nuclear marker (Bfibl?) in a 

total evidence approach. 

Hypotheses 

The hypotheses of this research are listed below. 

Ho: No species level genetic subdivisions (cryptic species) are present 

within the traditionally recognized Sigmodon hispidus. 

Ha: Species level genetic differentiation exists within the traditionally 

recognized Sigmodon hispidus. 

Ho: Phytogenies generated from a nuclear gene (BflbIT) will differ 

significantly from phytogenies generated from the mitochondrial cyt b gene. 

Ha: Phytogenies generated from a nuclear gene (BflbIT) will not differ from 

phytogenies generated from the mitochondrial cyt b gene. 

CHAPTER SUMMARIES 

Chapter II examines the phylogenetic relationships between members of 

the genus Sigmodon based on nucleotide sequence data from the cyt b gene. 

This chapter provides support for the description of three cryptic species within 

the former range of S. hispidus. The sampling of more individuals from a more 

thorough representation of the range of each of these proposed taxa provides a 

better estimation of the general geographic distribution of three species (S. 

hirsutus, S. hispidus, and S. toltecus), all of which were once considered 



subspecies within S. hispidus. Additionally, the geographic boundary between 

two genetically distinct populations within the revised range of S. hispidus are 

identified. This chapter is represented by a manuscript entitled "The molecular 

Systematics and Phylogeography of the Sigmodon hispidus Species Group using 

cytochrome b" which has been submitted for publication as a chapter in a volume 

honoring Bernardo Villa, a prominent Mexican Mammalogist (Authors-Carroll, D. 

S., L. L. Peppers, and R. D. Bradley). 

Chapter III explores Intron 7 in the Beta-fibrinogen gene (BflbIT) as a 

possible nuclear marker that could provide independent corroboration of the 

relationships identified in Chapter II. Recently studies have illustrated the 

phylogenetic utility of this nucleotide sequence in various nonmammalian taxa 

such as birds and reptiles. The only published data regarding mammalian taxa 

are involved in the phylogenetic analysis of members of the Order Insectivora. 

This chapter illustrates the utility of BflbIT as a phylogenetic marker for examining 

relationships among members of the Order Rodentia and will be submitted for 

publication to the Journal Molecular and Evolution (Authors- Carroll, D. S. and 

R. D. Bradley). 

Chapter IV represents a comparison of the phylogenetic utility of 

nucleotide sequence data from the mitochondrial cytochrome b (cyt b) data and 

intron 7 of the Beta-fibrinogen gene in the nuclear genome. Comparisons of 

evolutionary rates reveal that the nucleotide sequences from BflbIT are 

successful at distinguishing between the three cryptic species identified by the 



mitochondrial DNA sequences. However, the intron evolves more slowly than 

sequences of cyt b and was not successful at identifying the inter-relationships 

(basal synapomorphies) between the cryptic species. This chapter will be 

submitted to the Journal of Mammalogy (Authors-Carroll, D. S. and R. D. 

Bradley). 

Chapter V provides a summary of the previous chapters. The main theses 

are discussed and compared. 
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Figure 1.1. A depiction of the distribution of Sigmodon hispidus as traditionally 

recognized. 
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CHAPTER II 

THE MOLECULAR SYSTEMATICS AND PHYLOGEOGRAPHY 

OF THE SIGMODON HISPIDUS SPECIES GROUP 

USING CYTOCHROME b SEQUENCES 

Abstract 

DNA sequences from the mitochondrial cytochrome-b gene were 

examined for members of the Sigmodon hispidus species group. All 

phylogenetic analyses (genetic distance, likelihood, and parsimony) supported 

species level recognition for S. hirsutus, S. hispidus, and S. toltecus. Genetic 

distance values among these three species averaged 13.2% and exceeded that 

for most other comparisons involving members of the S. hispidus species group. 

In addition, S. hirsutus and S. toltecus were depicted as sister taxa whereas S. 

hispidus appeared to share a common ancestor with a clade containing S. 

arlzonae and S. mascotensis. The geographic distribution of each taxon was 

defined based on DNA sequences obtained from 47 samples located throughout 

North, Central and South America. These data indicated that S. hispidus is 

restricted to the southern half of the United States; S. toltecus occupies the 

eastern third of Mexico (Tamaulipas to Chiapas); and S. hirsutus is distributed 

from central Chiapas to northern South America. Additionally, it appears that S. 

toltecus and S. hirsutus are sympatric in west-central Chiapas. 
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Introduction 

The cotton rat, Sigmodon hispidus, described by Say and Ord (1825) was 

among the earliest rodent species described in the Western Hemisphere. 

Historically, the range of this species has included the southern half of the United 

States (below 40° N latitude), Mexico (excluding the west coast), Central 

America, and the northern coastal grasslands of South America (Cabrera 1961; 

Martin 1979; Hall 1981). At least 25 subspecies have been recognized, with the 

majority of these occurring in the United States (10) and Mexico (11), and the 

remainder (4) in Central and South America (Hall 1981; Voss 1992; Carleton et 

al. 1999). 

Historically, several datasets (allozymic, immunologic, karyotypic, 

molecular, and morphologic) have been used to examine geographic variation 

and the taxonomy of Sigmodon hispidus (Bailey 1902; Nelson and Goldman 

1933; Baker 1969; Dalby and Lillevik 1969; Zimmerman, 1970; Johnson et al., 

1972; Martin 1979; Elder 1980; Fuller 1984; Elder and Lee 1985; Dickerman 

1992; Voss 1992; Carleton et al., 1999; Peppers and Bradley, 2000; Peppers et. 

al. 2002). Results of these studies indicate a complex pattern of morphological 

variation. In fact, this variation in size, age, and coloration is so extensive, that it 

is difficult to assess and partition geographic variation within this taxon. 

Consequently, investigators typically have combined all geographic variants into 

this single species. 
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Recently, Peppers and Bradley (2000) and Peppers et al. (2002) proposed 

changes in the taxonomy of cotton rats based on DNA-sequence data from the 

mitochondrial cytochrome-b gene. Results from these studies indicate that S. 

hispidus is a composite and paraphyletic assemblage that consisted of three 

distinct species (S. hirsutus, S. hispidus, and S. toltecus). Although Peppers et 

al. (2002) speculated on the phylogenetic relationship of the three cryptic 

species, limited sample sizes prevented the delineation of boundaries between 

the newly proposed species. However, it was clear that these three taxa plus S. 

arlzonae, S. mascotensis, S. alleni, and S. ochrognathus formed a monophyletic 

group (hispidus species group) that was separate from the remaining taxa 

(fii/wVenfer species group) comprising the genus. 

The goals of this study are to include additional samples of S. hirsutus, S. 

hispidus, and S. toltecus, from throughout their ranges, in order to: (1) evaluate 

the hypothesis of three cryptic species of Sigmodon, (2) determine the 

geographic boundaries of the newly proposed taxa, and (3) examine the 

phylogeography of samples from North, Central, and South America. 

Methods and Materials 

Samples. Thirty-six specimens representing S. hirsutus, S. hispidus, and 

S. toltecus were collected from natural populations or borrowed from 

collaborative institutions. In addition, DNA sequences reported from 10 
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specimens in Peppers et al. (2002) and one from Smith and Patton (1999) were 

included in this study. Identification of most specimens was confirmed by 

morphologic and karyotypic analyses. Specimen numbers, collection localities, 

and GenBank accession numbers are listed in Specimens Examined. 

Sequence data. Mitochondrial DNA was extracted from frozen liver 

samples (O.lg) and purified using the Wizard Miniprep kit (Promega®, Madison, 

Wl). For some specimens, genomic DNA was isolated following the methods of 

Smith and Patton (1999). The complete cytochrome-b gene (1,143 bp) was 

amplified from all individuals. The following polymerase chain reaction (PCR) 

parameters were modified as described by Saiki et al. (1988): 27 cycles of 95° C 

denaturation (1 min), 50° C annealing (1 min), 72° C extension (2 min), and one 

final 72° C extension cycle (7 min). Primers utilized in the PCR reactions were 

MVZ05 of Smith and Patton (1993) and L14724 of Irwin et al. (1991). The 

resulting PCR product was purified using the QIAquick PCR purification kit 

(Qiagen®, Valencia, CA). The following seven primers were used in cycle 

sequencing reactions to amplify three 400 bp fragments on the forward and 

reverse strands, respectively: SIG270, SIG610, WDRAT1100, 700H, 700L 

(Tiemann-Boege et al. 2000; Peppers and Bradley 2000); 752R (Bradley et al., 

2000); and 870R (Peppers et al. 2002). Cycle sequencing was conducted using 

the ABI Prism dRhodamine terminator ready reaction mix (PE Applied 

Biosystems®, Foster City, CA) and samples were analyzed on an ABI Prism 310 

automated sequencer (PE Applied Biosystems®, Foster City, CA). Sequencher 
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3.0 software (Gene Codes, Ann Arbor, Ml) was used to align and proof 

nucleotide sequences. All cytochrome-/? sequences obtained in this study were 

deposited in GenBank and are listed in Specimens Examined. 

Data analyses. Based on the phylogenetic relationships presented in 

Peppers et al. (2002) S. alstoni, S. peruanus, S. leucotls, and S. fulvlventer were 

utilized as outgroup taxa in all analyses. In addition, samples of S. alleni, S. 

arlzonae, S. mascotensis, and S. ochrognathus were included in all analyses. 

These taxa were identified by Peppers et al (2002) as being either sister taxa or 

as being closely related to certain members of the ingroup taxa. Likelihood, 

parsimony, and genetic distance models (PAUP*; Swofford 2001) were used to 

generate hypotheses concerning phylogenetic relationships of taxa. The variable 

nucleotide positions within the data set were treated as unordered, discrete 

characters with four possible states; A, C, G, or T. 

Fifty-six maximum likelihood models were examined using MODELTEST 

(Posada and Crandall 1998) in order to determine the model of DNA evolution 

best fitting the data. The GTR+I+G and Tamura-Nei+I+G models were identified 

as being most appropriate for this dataset. These models generated significantly 

better likelihood scores than all other models. Although the GTR+I+G model had 

a lower (but not significantly different) likelihood score than the Tamura-Nei+I+G 

model, it was used in all subsequent likelihood analyses. The GTR+I+G model 

included the following parameters: base frequencies (A = 0.2878, C = 0.2882, G 

= 0.1117, T = 0.3122), rates of substitution (A-C = 1.00, A-G = 6.95, A-T = 1.00, 
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C-G - 1.00, C-T - 7.10, G-T = 1.00), proportion of invariable sites (1=0.4544) and 

gamma distribution (G = 1.0984). 

Parsimony analyses were constructed using equally-weighted characters 

and the Heuristic search option. All phylogenetically uninformative characters 

were excluded from these analyses. Bootstrap analysis (Felsenstein 1985) with 

1,000 iterations was used to assess nodal support. The Tamura-Nei+I+G model 

of evolution was used to construct a neighbor-joining tree (Saitou and Nei 1987). 

Tamura and Nei genetic distances (Tamura and Nei 1993) were used to estimate 

divergence values. 

Results 

Nucleotide sequence data (1,143 base pairs) from the mitochondrial 

cytochrome-b gene were included from 47 individuals, representing S. hirsutus 

(12), S. hispidus (23), and S. toltecus (12). In addition DNA sequences were 

obtained for individuals of S. alleni (1), S. arlzonae (2), S. mascotensis (5), and 

S. ochrognathus (2). Of the 1,143 characters examined, 378 were 

phylogenetically informative. 

The maximum likelihood analysis using the GTR+I+G model of evolution 

was used to obtain the topology (-In L 8490.70) shown in Figure 1.1. The 

ingroup taxa were divided into four major clades (l-IV), with clades I and II 

forming sister clades, and clades III and IV joining in a stepwise manner. In 

clade I, the twelve samples of S. hirsutus formed a monophyletic clade that was 
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sister to the sample of S. a//en/. Within this clade, three subclades were 

identified (A-C), with subclade A containing four samples from Central America 

(Costa Rica, El Salvador, and Panama), B containing seven samples from 

Mexico (Chiapas and Oaxaca), and C containing one sample from South 

America (Venezuela). Clade II contained 12 samples of S. toltecus that were 

divided into two subclades (D and E). Subclade D contained nine samples from 

southeastern Mexico (Campeche, Chiapas, Quitana Roo, Tabasco, and Yucatan) 

whereas subclade E contained three samples from eastern Mexico (Tamaulipas 

and Veracruz). Within clade III the two samples of S. arizonae formed a sister 

relationship with the five samples of S. mascotensis. These two taxa then 

formed a sister relationship to the 23 samples of S. hispidus. Two subclades (F 

and G) were present within these samples of S. hispidus. Subclade F contained 

samples from the western United States, whereas G contained samples primarily 

from the eastern United States. Clade IV was the most basal clade and 

contained the two samples of S. ochrognathus. 

In the parsimony analysis, 16,320 equally parsimonious trees (1,333 

steps, consistency index = 0.410, retention index = 0.828) were obtained. A 

strict consensus tree generated a topology (not shown) similar to that obtained in 

the likelihood analysis (Figure 1.1), with one exception. In this analysis, the 

clade containing samples of S. arizonae and S. mascotensis is unresolved 

instead of being sister to a clade containing samples of S. hispidus as depicted in 
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the likelihood analysis (Fig 1.1). Bootstrap values were high for the S. allenlS. 

hirsutus clade (95), the S. toltecus clade (100), and the S. hispidus clade (100). 

The Tamura-Nei+I+G model of evolution was used to construct a neighbor-

joining tree. The topology (not shown) of this tree was similar to that obtained in 

the likelihood analysis except that the clade containing S. arlzonae and S. 

mascotensis was removed from clade III and positioned basally to a larger clade 

containing clades l-lll. 

Genetic distances, using the Tamura-Nei model of evolution, were 

calculated for selected clades and taxa (Table 2.1). Using the rationale and 

principles outlined in Bradley and Baker (2001), genetic distance values for 

painA/ise comparisons of S. hirsutus, S. hispidus, and S. toltecus range from 

12.91 %-13.44%. These values were within the range of other recognized 

species of Sigmodon (8.81%, S. arlzonae and S. mascotensis to 14.91%, S. 

ochrognathus and S. alleni). Values for within species comparisons ranged from 

2.91% (S. hispidus) to 4.01% (S. hirsutus). 

In all analyses (likelihood, parsimony, and genetic distance), S. hirsutus 

and S. alleni consistently are depicted as sister taxa that are then sister to a 

clade containing samples of S. toltecus. However, the placement of S. hispidus 

varied among the three analyses. Sigmodon hispidus was sister to a clade 

containing S. arlzonae and S. mascotensis in the likelihood analysis. However, 

this relationship was not supported in the parsimony analysis where S. hispidus 

formed a clade that was unresolved relative to a clade containing samples of S. 
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alleni, S. hirsutus, and S. toltecus and an additional clade containing samples of 

S. arizonae and S. mascotensis. In the genetic distance analysis, S. hispidus 

formed a clade that was sister to a larger clade containing samples of S. alleni, 

S. hirsutus, and S. toltecus. 

To test among these alternative arrangements, various taxonomic 

constraints were enforced and tested for significance using the Shimodaira-

Hasegawa Test (Shimodaira and Hasegawa 1999), GTR+I+G parameters, and 

likelihood methodology. The topology obtained from the likelihood analysis (Fig. 

2.2a) was used to represent the null hypothesis concerning relationships among 

taxa. First, the topology of the genetic distance analysis was tested by 

constraining S. alleni, S. hirsutus, S. toltecus, and S. hispidus into a 

monophyletic assemblage forcing S. arlzonae and S. mascotensis outside of this 

larger clade. The resulting tree (Fig. 2.2b; -In L 8543.60) was significantly worse 

(P < 0.001) than the tree produced under the null hypothesis. To further test the 

genetic distance topology, S. hirsutus, S. hispidus, and S. toltecus were 

constrained into a monophyletic clade in an attempt to exclude S. arlzonae and 

S. mascotensis, as well as the potential influence of S. alleni. The tree (Fig. 2.2c; 

-In L 8495.24) obtained from this set of constraints was not significantly different 

(P = 0.159) from that obtained under the null hypothesis. 

Unfortunately, the unresolved position of S. arlzonae and S. mascotensis 

as obtained from the unweighted parsimony analysis can not be tested easily by 

constraining methods. However, the arrangement obtained in the parsimony 
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analysis indicated that S. arizonae and S. mascotensis have an equal probability 

of being sister to either the clade containing S. hispidus (i.e., the topology 

obtained under the null hypothesis) or to the clade containing S. alleni, S. 

hirsutus, and S. toltecus. Therefore, by constraining samples of S. arlzonae and 

S. mascotensis with S. alleni, S. hirsutus, and S. toltecus, the placement of S. 

arizonae and S. mascotensis was resolved and produced an arrangement 

alternative to that obtained under the null hypothesis. This set of constraints 

produced a tree (Fig. 2.2d; -In L 8564.46) that was significantly worse (P < 

0.001) than the topology obtained in the GTR+I+G analysis. Additionally, this 

constraint places S. ochrognathus as sister to the S. alleni and S. hirsutus clade, 

while removing S. toltecus. 

Genetic distance values for comparisons between species examined in 

this study ranged from 8.81% (S. arlzonae versus S. mascotensis) to 15.06% (S. 

ochrognathus versus S. hirsutus) with a mean value of 12.88%. Of particular 

importance to this study was the comparison of genetic distance values for S. 

hirsutus, S. hispidus, and S. toltecus. These three taxa differed by an average of 

13.19% (range 12.91-13.44%), well within the average for all comparisons 

among species of Sigmodon examined. Genetic distance values for within 

species comparisons ranged from 2.91% (S. hispidus) to 4.01% (S. hirsutus). 

Comparisons for selected clades (Table 2.1), representing important taxonomic 

and geographic groups, ranged from 3.34-6.28%. Clade B (eastern United 
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States) versus C (western United States) possessed the largest genetic distance 

value (6.28%). 

Discussion 

DNA sequences generated from the cytochrome-d gene were used to test 

hypotheses proposed by Peppers and Bradley (2000) and Peppers et al. (2002) 

concerning the relationships and status of taxa formerly considered as S. 

hispidus. In these previous studies, S. hispidus was split into three species (S. 

hirsutus, S. hispidus, and S. toltecus) based on the paraphyletic arrangements of 

taxa and the overall genetic divergence among taxa. In this study, we examined 

taxa from additional geographic regions critical to increasing sample sizes, 

determining species boundaries, and testing phylogenetic patterns within taxa. 

In all analyses (genetic distance, likelihood, and parsimony), S. alleni and 

S. hirsutus formed a sister relationship as proposed by Peppers et al. (2002). 

When this relationship was dissolved (constraining S. hirsutus with S. toltecus 

and S. hispidus instead of with S. alleni), a significantly worse topology (Fig. 

2.2b; P < 0.001) was generated than that obtained in the unconstrained likelihood 

analysis (Fig. 2.2a). The sister relationship of S. alleni and S. hirsutus was 

further justified as these two taxa possessed a low genetic distance (10.56%) 

relative to other species. 

The placement of S. toltecus as sister to the clade containing S. alleni and 

S. hirsutus was well supported in all analyses. Any alternative arrangement of S. 
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toltecus produced a significantly worse topology (Fig. 2.2b and 2.2d) making 

these scenarios unlikely. 

The phylogenetic affiliation of S. hispidus was more difficult to resolve. 

The likelihood analysis depicted S. hispidus as sister to a clade containing S. 

ahzonae and S. mascotensis, the genetic distance analysis placed S. hispidus as 

sister to a clade containing S. alleni, S. hirsutus, and S. toltecus, and the 

parsimony analysis had S. hispidus unresolved relative to the other taxa. In 

addition, constraining S. alleni, S. hirsutus, S. toltecus, and S. hispidus into a 

monophyletic group (Fig. 2.2c), thereby forcing S. arlzonae and S. ochrognathus 

outside of this group, was not significantly different (P = 0.159) from the 

association of S. arizonae and S. mascotensis io S. hispidus (Fig. 2.2a). 

Geographic Distribution and Taxonomy 

The primary goal of this study was to describe species distributions and 

discuss biogeographic influences affecting these distributions. This especially 

was important given the elevation of S. hirsutus and S. toltecus to species level. 

Below we depict the distribution of the three taxa based on our data (Fig. 3.2) 

Sigmodon hispidus. Based on the data generated from the cytochrome-b 

gene, the distribution of S. hispidus appears to be restricted to the United States. 

Primarily, S. hispidus occupies the south-central and extreme southwestern 

states; ranging from the Florida Keys, north to West Virginia and Kansas, and 
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then southwest to central Arizona. Throughout this region, S. hispidus has a 

rather contiguous distribution with the exception of a small isolated population 

along the Arizona and California border. 

Within S. hispidus, two genetic clades are apparent (F and G, Fig. 2.2). 

Clade G ("eastern") contains samples from Florida, Arkansas, Louisiana, and 

one sample from eastern Texas. Clade F ("western") contains samples from 

Missouri, Kansas, Oklahoma, Texas, New Mexico, and Arizona. The "eastern" 

and "western" clades differ by an average genetic distance of 4.9% (Table 2.1). 

Although this difference is substantially less than that obsen/ed for comparisons 

of other species within the genus (Table 2.1), it does indicate a relatively high 

level of genetic divergence between the two clades and may be indicative of 

some level of isolation. 

The separation of "eastern" and "western" forms does not follow the 

typical pattern of a "southeast refugium" that is common to many vertebrate 

species (Chapman and Feldhammer 1981; Gill et al. 1993; Lawson 1987; Wiley 

and Mayden 1985). Similarly, the Mississippi River does not appear to play a 

role in the separation of the "eastern" and "western" forms as samples from 

Louisiana and Texas, which are to the west of the Mississippi River do not form a 

clade with other samples located to the west. However, the Mississippi River 

historically may have been an effective barrier between these two genotypes, 

and recently there has been an expansion of the eastern genotype to the west. 

At this time, habitat seems to be the only common denominator that corresponds 
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to the pattern of genetic divergence between clades F and G. It appears that the 

"eastern" forms occupy the southeast hardwood habitat whereas the "western" 

forms occur in the plains grasslands. These habitats meet in extreme east Texas 

and abruptly change from one habitat into the other over a relatively narrow 

geographic area. This observation is supported by the genetic distance (4.8%) 

between samples from Nacogdoches, Texas ("eastern") and Richland Creek 

Wildlife Management Area, Texas ("western") which are separated by only 140 

km. This genetic distance is greater than that obtained for comparisons of 

samples from Florida and Louisiana (0.9%) and samples from Missouri and 

Arizona (1.5%); which in some cases are separated by geographic distances of 

greater than 10 times that (1,500 km) observed between the two Texas samples. 

To further test this hypothesis of habitat preference, additional sampling is 

needed along the Texas and Louisiana Border where these two habitats meet. 

At this time, it is not clear whether the Rio Grande has played a role in the 

southern limits of S. hispidus, or if habitat is a more influential component. This 

scenario depends on the origin and subsequent radiation of the S. hispidus 

complex. If S. hispidus had an evolutionary history (more closely aligned with S. 

arizonae and S. mascotensis) separate from S. toltecus (Peppers et al. 2002; this 

study), then it is unlikely that the Rio Grande has been a vicariate factor in the 

divergence of these two taxa. However, the Rio Grande may have played an 

active part in preventing gene exchange between S. hispidus and S. toltecus. 

For example, once the two lineages diverged from a S. ochroganthus-Wke 
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ancestor (Peppers et al. 2002), the Rio Grande may have effectively isolated the 

two species along its border. Although, this may be difficult to envision given the 

present day status of the Rio Grande, historically this river has been shown to be 

a formidable barrier separating various species (Edwards et al. 2001; Toledo and 

Ordonez 1993). 

Alternatively, habitat may be an important factor distinguishing the 

distribution of these two species. The "western" clade of S. hispidus occupies a 

more arid plains grassland habitat, whereas S. toltecus appears to occupy the 

more humid grasslands of the coastal lowlands in eastern Mexico. Samples from 

Brownsville, Texas and Calabazas, Tamaulipas represent the closest samples 

immediately north and south of the Rio Grande and are separated by a distance 

of 400 km. These samples differ genetically by 12.7%; a value that greatly 

exceeds any comparison within either S. hispidus or S. toltecus and is similar to 

most other painwise comparisons of species within the genus. Interestingly, 

these samples are from two Biotic Provinces (Tamaulipan-Brownsville, Texas 

and Veracruzian-Calabazas, Tamaulipas) and depict different habitat affinities 

for each species. 

Unfortunately, we were unable to obtain samples immediately south of the 

Rio Grande for testing between these two alternative hypotheses. Samples from 

this area also are critical to the taxonomy of these two species. Baird (1855) 

described S. h. berlandierl from south of the Rio Grande in Coahuila. If samples 

from northern Mexico, classically aligned with S. h. berlandleh, are actually S. 
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toltecus then "berlandlerr can not be used to represent samples from Texas and 

New Mexico. Instead, "pallldus" (Mearns 1897) would refer to samples from 

west-central Texas and New Mexico, and "berlandleh" (S. t. berlandlen) would 

be available for populations in northern Mexico. 

Taxonomy. We recommend recognizing all cotton rats occurring in the 

United States as S. hispidus. All former subspecies of S. hispidus except S. h. 

berlandleh (discussed above) should be retained for now. Additional studies are 

needed to evaluate the status and systematic relationships of subspecies, as well 

as to investigate levels of genetic divergence between the "eastern" and 

"western" forms. 

Sigmodon toltecus. Based on samples examined in this study, S. toltecus 

appears to be restricted to the regions of eastern and southeastern Mexico. Its 

distribution includes the coastal grasslands east of the Sierra Madre Oriental, 

south to the grasslands associated with the Yucatan Peninsula and lowlands of 

Chiapas. This region is referable to the Subhumid Tropical and Humid Tropical 

Ecological Zones of Toledo and Ordonez (1993). Apparently, S. toltecus reaches 

its southern limits in central Chiapas where it is sympatric with S. hirsutus near 

Ocozocoautla, Chiapas. At this locality, we collected two individuals representing 

S. toltecus and three individuals representing S. hirsutus. In terms of habitat, this 

locality represents an interface between the lowland grasslands and the more 

montane grasslands associated with the Trans-lsthmanian Highlands. The 

montane habitat, typically associated with the Central American Highlands, 
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appears to be more typical of S. hirsutus. Several authors have hypothesized 

that the Isthmus of Tehuantepec represents an effective barrier to gene flow in 

some mammal species such as Relthrodontomys and Peromyscus (Sullivan et 

al. 1997; Sullivan et al. 2000; Bradley et al. 2000). The Isthmus of Tehuantepec 

does not appear to be an effective barrier for these two species of Sigmodon; 

instead habitat association may be more appropriate in determining the 

distribution of these two species. 

Taxonomy. We recommend all cotton rats occurring in eastern Mexico 

and formeriy referred to as S. hispidus be recognized as S. toltecus. All former 

subspecies of S. hispidus should be reassigned to subspecific status in S. 

toltecus. Examination of samples from northern Mexico is needed to resolve the 

status of samples formeriy assigned to S. h. berlandleh (discussed above). 

Additionally, it appears that S. mascotensis and S. alleni are the only species of 

cotton rats present in SW Mexico (Carieton et al. 1999; this study). 

Sigmodon hirsutus.—HistoncaWy, the distribution of S. hirsutus only 

included northern South America (Voss 1992). However, based on the 

phylogenetic relationships of samples from Mexico (Oaxaca and Chiapas) 

Central America (Costa Rico, El Salvador, and Panama), and South America 

(Venezuela), it appears that a new interpretation is warranted. The genetic 

distances (Table 2.1) among samples from this region (clades A-C; Fig. 2) are 

less (4.0%) than those seen between "eastern" and "western" forms of S. 
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hispidus (4.9%). However, S. hirsutus possessed the greatest amount of genetic 

variation (4.0%) in terms of within species comparisons. 

At this time, it is difficult to determine what habitat preference (if any) is 

associated with S. hirsutus. The habitat for this taxon appears to range from the 

coastal lowlands of southern Mexico (La Blanca, Oaxaca) to montane grasslands 

in Central and South America. Additionally, it is clear that the Panamanian Land 

Bridge is not an effective barrier in separating populations of cotton rats from 

Central and South America. Samples from Panama and Venezuela possess 

approximately the same level of genetic divergence (4.5%) as between 

populations of "eastern" and "western" populations of S. hispidus. 

Taxonomy. We recommend all cotton rats occurring in southern Mexico 

(southern Chiapas), Central America, and northern Venezuela be referred to as 

S. hirsutus. Special attention is required in assigning populations from southern 

Oaxaca as both S. mascotensis (Las Minas) and S. hirsutus (La Blanca) have 

been recorded in close proximity. All former subspecies of S. hispidus from this 

region should be reassigned to subspecific status in S. hirsutus. However, it is 

not clear if samples from southern Chiapas should be referred to S. hirsutus 

griseus, or if they represent an unnamed subspecies. Consequently, we refer to 

these samples as S. hirsutus ssp. until further studies can resolve this issue (Fig. 

2.3) 
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Specimens Examined 

The specimens examined are listed below by museum acronym (Hafner et 

al., 1997), specific identification numbers, collector numbers, or catalogue 

numbers, and GenBank accession numbers. All localities are in the United 

States unless otherwise specified. Abbreviations for identification numbers are 

as follows: Abilene Christian University Natural History Collection (ACUNHC); 

Angelo State Natural History Collections (ASU); Brigham Young University 

(BYU); John C. Patton (JCP); Museum of Texas Tech University (TK); Museum 

of Vertebrate Zoology (MSV); Royal Ontario Museum (FN), The Museum of 

Southwestern Biology, (NK); and University of Texas Medical Branch at 

Galveston (T and FSH). 

Sigmodon alleni vulcanl.—MEXICO: Michoacan; 3.5 km N Tancutaro, 2353 m 

(TK 45276, AF155425). 

Sigmodon alstoni.—VENEZUELA: Portuguesa; Municipality Guanare, Gato 

Negro Qust S Guanare) (T 2140, AF293396). 

Sigmodon arizonae mayor.—MEXICO; Durango; San Juan de Camarones (TK 

70928, AF155423). MEXICO: Sonora; 20 km W Alamos (by road) (NK 6502, 

AF293398). 

Sigmodon fulvlventer dalquesti.—Texas; Jeff Davis County, 1.5 mi W Point of 

Rocks Park (TK 29915, AF293399). 

Sigmodon fulvlventer fulvlventer.—MEXICO: Durango; 2.2 km S, 2.5 km E 

Vicente Guerrero (TK 48915, AF293400). 
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Sigmodon hirsutus borucae.—COSTA RICA; Puntarenas; Finca Mamos, 

Chomes, 60 m (BYU 15259, AF108702). 

Sigmodon hirsutus chlhquensls.—PAHAMA: Chiriqui; Hotel La Siesta, by airport 

(TK 22512, AF155416). PANAMA: Canal Zone; Gamboa (FN 38063, 

AF425191). 

Sigmodon hirsutus griseus.—EL SALVADOR: La Pax; 3 mi NW San Luis Talpa 

(TK 34810, AF155417). 

Sigmodon hirsutus hirsutus.—VENEZUELA: Lara; Finca Santa Maria Sarano (T 

4632, AF155419). 

Sigmodon hirsutus ssp.—MEXICO: Chiapas; 9 mi N. Ocozocoaulta (TK 93324, 

AF425193; TK 93300, AF425192; TK 93299, AF425196). MEXICO: Chiapas; 

Ixtapa, 12 km SE of Ixtapa (FN 33054, AF425197). MEXICO: Chiapas; Soyato 

(FN 33060, AF425195). MEXICO: Chiapas; 1.3 mi SW La Sombra (TK 90545, 

AF425198). MEXICO: Oaxaca; 2 km S La Blanca (TK 93249, AF425194). 

Sigmodon hispidus berlandleh.—New Mexico; Otero County, Holloman Air Force 

Base (TK 83608, AF188198). Texas; Cameron County, Brownsville (TK 32481, 

AF425199). Texas; Dimmit County, Chaparral Wildlife Management Area (TK 

84530, AF425200). Texas; Lubbock County, Lubbock Lake Landmark State 

Historical Park (TK 47553, AF435110). Texas; McMullen County, James 

Daughtrey Wildlife Management Area (TK 90087, AF4251201). Texas; Refugio 

County, Guadalupe Delta Wildlife Management Area (TK 49611, AF155415). 
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Sigmodon hispidus erem/cus.—Arizona; Yuma County, 2 mi S, 0.6 mi W 

Gadsden (TK 77917, AF155421). 

Sigmodon hispidus b/sp/dus.—Florida; Walton County, 16 km E Destin, Topsail 

Hill State Recreation Area (TK 51918, AF425206). Louisiana; Bossier Parish, 

Wright Island (M 154, AF425205). Louisiana; East Baton Rouge Parish, (M 

1915, AF425204). Missouri; Howard County, Boonevilto (TK 28256, AF425203). 

Tennessee; Shelby County, Meeman Biological Station (TK 77942, AF425202). 

Sigmodon hispidus llttoralls.—P\onda; Brevard County, Sebastion Inlet State 

Park (TK 92507, AF425207; TK 92509, AF425208). 

Sigmodon hispidus spad/c/pygriys.—Florida; Dade County, Homestead Airforce 

Reserve Base golf course (FSH 33, AF155420). 

Sigmodon hispidus texlanus.—Kansas; Ellis County, Hays (OK 5830, AF425213; 

OK 5840, AF425209). Oklahoma; Caddo County, 2 mi S, 1 mi W Anadarko (TK 

23428, AF155414). Texas; Cottle County, Matador Wildlife Management Area 

(TK 77280, AF425212). Texas; Freestone County, Richland Creek Wildlife 

Management Area (TK 52127, AF425210). Texas; Kimble County, Junction, 

Texas Tech University Center (TK 24993, AF425211). Texas; Lamar County, 

Pat Mayse Wildlife Management Area (TK 90616, AF425227). Texas; 

Nacogdoches County, Alazon Bayou Wildlife Management Area (ASK 4996, 

AF425214). 

Sigmodon leucotls leucotls—MEXICO: Durango; Hacienda Coyotes (TK 70798, 

AF293401). 
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sigmodon mascotensis Inexoratus.—MEX\CO: Jalisco; 2 km NW Mesconcitos 

(TK93075, AF425215). 

Sigmodon mascotensis mascotensis.—MEX\CO: Colima; 6 km W Colima (JCP 

1020, AF155424). MEXICO: Michoacan; Apatzingan (TK 45737, AF425216). 

MEXICO: Michoacan; Patzcuaro (Lake) (JCP 1061, AF296188). MEXICO: 

Oaxaca; Las Minas (TK 93233, AF425217). 

Sigmodon ochrognathus.— MEXICO: Durango; 15 mi N Las Herreras (TK 

48609, AF155422). Arizona; Cochise County, 2 mi W Portal (ACUNHC 500, 

AF155592). 

Sigmodon peruanus.—EQUADOR: El Oro; Progreso (NK 37848, AF293395). 

Sigmodon toltecus furvus.—MEXICO: Quintana Roo; 6 km S, 1.5 km W Tres 

Garantias (FN 32695, AF293402). 

Sigmodon toltecus m/crodon.—MEXICO: Campeche; Escarcega (FN 32742, 

AF425218). MEXICO: Campeche; LaValeta (FN 29010, AF425221). MEXICO: 

Tabasco; Jonuta (FN 30072, AF425220). MEXICO: Yucatan; Labna (FN 30291, 

AF425219). 

Sigmodon toltecus saturatus.—GUATEMALA: El Peten; El Remate (FN 34003, 

AF425223). GUATEMALA; El Peten; 10 km N Tikal (FN 31990, AF425222). 

MEXICO: Chiapas; 9 mi N. Ocozocoaulta (TK 93323, AF425228; TK 93305, 

AF425224). 

Sigmodon toltecus toltecus.—Mexico: Tamaulipas; 2 mi W Calabazas, Rancho 

Calabazas (TK 27058, AF425225). MEXICO; Veracruz; Estacion Biologica 
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Morro de la Mancha, 19° 35' 23.8" N, 96° 22' 49.2" W, 8 m (NK 27055, 

AF155418). MEXICO; Veracruz; 30 km N, 3 km E Cardel, Estacion Biologica La 

Mancha (FN 29909, AF425226). 
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Table 2.1. Average genetic distances (Tamura and Nei, 1993) for 
selected clades and taxa of Sigmodon. 

Taxa Average Genetic 

Distance (%) 

S. ochrognathus versus S. alleni 

S. ochrognathus versus S. hirsutus 

S. ochrognathus versus S. toltecus 

S. ochrognathus versus S. hispidus 

S. ochrognathus versus S. arizonae 

S. ochrognathus versus S. mascotensis 

S. ahzonae versus S. mascotensis 

S. hirsutus versus S. alleni 

S. hirsutus versus S. toltecus 

S. hirsutus versus S. hispidus 

S. hispidus versus S. alleni 

S. hispidus versus S. toltecus 

S. toltecus versus S. alleni 

S. arizonae and S. mascotensis versus S. hispidus 

Within S. hirsutus 

Within S. hispidus 

Within S. toltecus 

Clade A versus Clade B 

Clade A versus Clade C 

Clade B versus Clade C 

14.91 

15.06 

13.69 

12.54 

12.11 

11.09 

8.81 

10.56 

13.44 

13.21 

14.51 

12.91 

14.64 

11.32 

4.01 

2.91 

3.01 

3.34 

4.54 

6.28 
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Table 2.1. (continued) 

Taxa Average Genetic 

Distance (%) 

Clade D versus Clade E 4.79 

Clade F versus Clade G 4.87 
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S. a/ston; AF293396 
S. alleni vulcani AF^ 55425 
S. hirsutus bomcae AF108702 
S. hirsutus griseus AF 155417 
S, hirsutus chiriquensis AF 155416 
S, hirsutus chiriquensis AF425191 
S. hirsutus ssp AF425192 
S. hirsutus ssp AF425193 
S. hirsutus ssp AF425194 
S. hirsutus ssp AF425195 
S. hirsutus ssp AF425196 
S. hirsutus ssp AF425197 
S hirsutus ssp AF425198 
S. hirsutus hirsutus AF 155419 
S. toltecus fun/us AF293402 
S. toltecus microdon AF425219 
S. toltecus saturatus AF425223 
S. toltecus microdon AF425218 
S. toltecus microdon AF425221 
S. toltecus ssp AF425228 
S. toltecus saturatus AF425224 
S. toltecus saturatus AF425222 
S. toltecus microdon AF425220 
S. to/tecus ssp AF425225 
S. toltecus toltecus AF425226 
S. toltecus toltecus AF155418 
S anzonae mayor AF155423 
S. anronae mayor AF293398 
S mascotensis inexoratus AF42521 £ 
S mascotensis mascotensis AF4252'T 
S. mascotnesis mascofnes/s AF425215 
S. mascotensis mascofens/s AF 155̂ 124 
S. mascotensis mascotensis AF295188 
S. hispidus beriandieri/\F435^^0 
S. hispidus beriandieri AF 155415 
S h/sp/c/us fex/a/7L/sAF 155414 
S. hispidus beriandieri AF425199 
S hispidus beriandieri AF425200 
S hispidus beriandieri AF42520^ 
S. hispidus hispidus AF425203 
S. hispidus texlanus AF425209 
S. hispidus texlanus AF425213 
S. hispidus texlanus AF42521C 
S. hispidus texlanus AF425227 
S. hispidus texlanus AF425211 
S. hispidus beriandieri AF 188198 
S. hispidus texlanus AF425212 
S. hispidus eremicusAF^5542^ 
S. hispidus hispidus AF425202 
S. hispidus hispidus AF425205 
S. hispidus texianus AF425214 
S hispidus hispidus AF425206 
S. hispidus littoralis AF425207 
S. hispidus littoralis AF42520B 
S. hiSDidus spadicipygus AF155420 
S hispidus hispidus AF425204 
S. ochrognathus AF155592 
S. ochrognathusAF'\55422 
S. fulvlventer dalquesti AF293399 
S. fulvlventer fulvlventer AF293400 
S. leucotis leucotls AF293401 
S. pe/Tjanus AF293395 

Figure 2.1. Phylogenetic tree (-In L 8490.70) obtained from the likelihood analysis 
(GTR+I+G method) of 62 taxa. Major clades are depicted by Roman numerals (1-
IV) and subclades by letters (A-G). Taxon labels reflect taxonomic designation and 
GenBank accession numbers corresponding those listed in specimens examined. 
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Figure 2.2. Condensed phylogenetic trees obtained from likelihood analyses in 
which various combinations of constraints were applied. All analyses were 
conducted using the GTR+I+G model of evolution. Constraint conditions were as 
follows; A) Unconstrained tree; B) S. hirsutus, S. hispidus, and S. toltecus were 
constrained into a monophyletic group; C) S. alleni, S. hirsutus, S. toltecus, and S. 
hispidus into a monophyletic group; and D) S. arizonae, S. mascotensis, S. alleni, S. 
hirsutus, and S. toltecus were constrained into a monophyletic group. 
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Sigmodon hirsutus 

Figure 2.3. Map depicting the distribution of three members of the hispidus species 
group (S. hirsutus, S. hispidus, and S. toltecus). Localities from which samples were 
obtained are indicated as follows: S. hirsutus (filled circles), S. hispidus (filled 
crosses), and S. toltecus (filled squares). An asterisk indicates the locality from 
which samples of S. hirsutus and S. toltecus were sympatric. 
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CHAPTER III 

MOLECULAR EVOLUTION IN THE SIGMODON HISPIDUS 

COMPLEX USING DNA SEQUENCES FROM INTRON 7 

OF THE BETA FIBRINOGEN GENE 

Abstract 

A 617bp region of Intron 7 of the Beta-fibrinogen gene (BflbIT) was 

analyzed for 21 individuals representing 10 Sigmodon species (S. alleni, S. 

alstoni, S. arizonae, S. fulvlventer, S. hirsutus, S. hispidus, S. leucotls, S. 

mascotensis, S. ochrognathus, and S. toltecus). Overall nucleotide frequencies 

were A—33.2%, C—21.7%, G—16.8%, and T—28.3%. The inherent ratio of 

transitions to transversions was 1.46. Phylogenetic relationships of the S. 

hispidus species group including the 3 cryptic species, were examined using this 

biparentally inherited nuclear marker. This marker, previously untested in rodent 

taxa, was successful in assigning all individual species within this group to 

monophyletic clades. In all analyses, resolution was lost at the deeper nodes 

causing the terminal branches to form an unresolved polytomy. 

Introduction 

Recently, nucleotide sequence data from the mitochondrial cytochrome b 

gene suggested three morphologically cryptic species are present within the 

former monotypic Sigmodon hispidus (Carroll et al. 2002; Peppers and Bradley 
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2000; Peppers et al. 2002). Although these data provide compelling evidence 

justifying the splitting of S. hispidus, any study based on a single locus is subject 

to criticism involving the possibility of misrepresentation of the species tree by the 

gene tree (Ballard et al. 2002). 

Research has shown that mitochondrial DNA sequences are often more 

effective at depicting species trees compared to nuclear gene sequences (Moore 

1995, 1997; Hoelzer 1997). Additionally, the utility of mitochondrial DNA in 

resolving species level questions in rodent taxonomy has been illustrated by 

several studies (Edwards and Bradley 2000; Smith and Patton 1999; Tieman-

Boege et al. 2000). Even in light of the effectiveness of mitochondrial DNA in the 

delineation of species, the use of a second mitochondrial marker would not be 

appropriate in addressing gene tree/species tree questions due to the linkage of 

genes in the mitochondrial genome. The most appropriate method for 

addressing this concern is to employ a multi-locus approach that seeks 

congruence in phylogenetic topologies between non-linked loci. The examination 

and analysis of nucleotide sequences from both the nuclear and mitochondrial 

genomes is the best method for assuring independence of genetic markers 

(Saito and Nei 1986; Pamilo and Nei 1988; Wu 1991). Many nucleotide 

sequences from the nuclear genome have shown phylogenetic utility at various 

taxonomic levels (Avis 1986; Lawson 1987; Lyons et al. 1997; Roca 2001), but 

species level nuclear markers are relatively rare. However, Intron 7 of the Beta-

Fibrinogen (BflbIT) gene has shown promise in resolving species level questions 
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in several taxa over the last few years (Prychitko and Moore 1997; 2000). Most 

studies involving this locus has been conducted with non mammalian taxa, but it 

has been proven useful in separating two hedge-hog clades previously identified 

using cytochrome b sequences (Seddon et al 2001). 

The goal of this research is to determine the utility of BflbIT sequences in 

evaluating the three cryptic species previously identified within the classic 

description of S hispidus. Additionally, in order to examine the aforementioned 

relationships, other members of the Genus Sigmodon will be included in all 

analyses. 

Materials and Methods 

Samples. Genomic DNA was isolated following the methods of Smith and 

Patton (1999). The following polymerase chain reaction (PCR) parameters were 

modified from Prychitko and Moore (2000) and used to amplify BflbIT: 1 cycle of 

93.5° 27 (1 min), 33 cycles of 93.5° C denaturation (40s), 49° C annealing (40s), 

72° C extension (1 min 30s), and one final 72° C extension cycle (2 min). 

Primers utilized in the PCR reactions are Bfibl7L and Bfibl7U of (Prychitko and 

Moore 1997). PCR products were purified using the QIAquick PCR purification 

kit (Qiagen®, Valencia, CA). Four previously unreported primers were used in 

cycle sequencing reactions to amplify four 400 bp fragments on the fonward and 

reverse strands (Table 3.1). Cycle sequencing was conducted using the ABI 

Prism Big Dye terminator ready reaction mix version 3 (PE Applied Biosystems®, 
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Foster City, CA). Samples were then analyzed on an ABI Prism 310 automated 

sequencer (PE Applied Biosystems®, Foster City, CA). Sequencher 3.0 software 

(Gene Codes, Ann Arbor, Ml) was used to align and proof nucleotide sequences. 

These populations were chosen based on previous genetic studies of Sigmodon 

and represent the distinct clades present within the taxa examined. (Carroll et al. 

2002; Peppers and Bradley 2000; Peppers et al. 2002). All sequences 

generated are deposited in Genbank. Phylogenetic analysis based on nuclear 

genes can be problematic due to heterozygosity, nucleotide insertions and 

deletions, and the high mutation rates of introns (Hillis 1996). All sequences 

were aligned and chromatograms were visually inspected for the presence of 

heterozygotes. 

Data Analysis. Sequences were analyzed using likelihood, parsimony and 

distance methods PAUP* (Swofford 2001) in order to generate hypothesized 

phylogenetic relationships of taxa. Variable nucleotide positions within the data 

set were treated as unordered, discrete characters with four possible states; A, 

C, G, or T MODELTEST (Posada and Crandall 1998) was used to examine fifty-

six models of DNA evolution to determine the model best fit for this data set. The 

identified model (GTR+I+G) was used in all subsequent likelihood analyses to 

generate phytogenies based on the data obtained. Parsimony analyses utilized 

equally-weighted characters and the heuristic search option in PAUP* (Swofford 

2001) with all phylogenetically uninformative characters excluded. The transition 

and transversion (ti/tv) ratio inherent to the dataset was calculated in PAUP*. 
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Bootstrap support values were calculated to indicate nodal support (Felsenstein 

1985). Neighbor Joining analyses were conducted using both the Tajima-Nei 

and Tamura-Nei models of evolution. (Tajima and Nei 1984; Tamura and Nei 

1993). Although the Tamura-Nei model (Tamura and Nei 1993) has been 

applied in previous studies of Sigmodon taxa (Peppers and Bradley 2000), the 

Tajima-Nei Model was identified as the best model for analyzing BflbIT due to the 

lack of any strong bias in the ratio of transitions to transversions in this intron 

(Prychitko and Moore 1997; 2000). Therefore, the application of the Tajima-Nei 

model in this study yielded results that are easily compared with the previous 

works regarding BflbIT and decrease the variance by incorporating the model 

with the fewest assumptions that addresses all relative parameters of these data. 

The Shimodaira-Hasegawa Test (Shimodaira and Hasegawa 1999) was used to 

statistically compare the likelihood scores from different topologies generated 

and was used to identify the best tree. 

Results 

A 617bp region of Intron 7 of the Beta-fibrinogen gene (BflbIT) was 

analyzed for 21 individuals representing 10 Sigmodon species (S. alleni, S. 

alstoni, S. arizonae, S. fulvlventer, S. hirsutus, S. hispidus, S. leucotls, S. 

mascotensis, S. ochrognathus, and S. toltecus). Overall nucleotide frequencies 

were A—33.2%, C—21.7%, G—16.8%, and T—28.3%. The inherent ratto of 

transitions to transversions was 1.46. 
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Twenty-nine phylogenetically informative characters were incorporated in 

the parsimony analysis and the heuristic search option in PAUP* was used 

(Swofford 2000). The unweighted parsimony analysis was conducted using S. 

alstoni, S. fulvlventer and S. leucotls as outgroup taxa (equal weight given to all 

informative characters). Six most parsimonious trees were generated; from 

these trees a strict consensus tree (Fig. 3.1) was produced with a tree length of 

37 steps, consistency index (CI) of 0.86, a homoplasy index of 0.14, and a 

retention index of (Rl) of 0.92. This tree depicts separate clades for all of the 

recognized Sigmodon species. Within these clades the relationships among 

members is unresolved with one exception, a sister taxon relationship is shown 

between S. hirsutus and S. alleni. The deep nodes fail to support the inter

relationships between these clades. 

Neighbor-joining analysis using the Tamura-Nei and Tajima-Nei models of 

evolution produced identical trees. Table 3.1 provides the pairwise genetic 

distance values from the Tajima-Nei model. These neighbor joining trees differ 

from the parsimony analysis in that S. ochrognathus is basal to the S. toltecus 

clade in the neighbor joining tree, and that S. arizonae and S. mascotensis form 

a sister taxa relationship. Samples of S. hirsutus and S. alleni form a sister taxa 

relationship with the S. mascotensis IS. arlzonae clade. This group is then joined 

by the S. toltecus I S. ochrognathus clade. Average distance values for each 

major clade are depicted in Table 3.2. 
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The Modeltest (Posada and Crandall 2000) indicated that there is no 

significant difference between the GTR+I+G (Ln 1416.9) and the HKY models of 

evolution (Ln1419.2). Eariier datasets involving these taxa have utilized the 

former model, therefore the GTR+I+G model of evolution was used for Maximum 

Likelihood analysis of this data set. Substitution rates were equal at all sites for 

these sequences. This analysis produced a topology identical to that produced 

by unweighted parsimony. 

Discussion 

Both the individual nucleotide frequencies (A-33.2%, C-21.7%, G~ 

16.8%, and T-28.3%) and the ratio of transitions to transversions (1.46) 

observed in this data set was similar to those seen in studies utilizing BfiblTfo 

examine phylogenetic relationships in other taxa. Prychitko and Moore (1997) 

reported nucleotide frequencies of 33.5%, 18.1%, 17.7%, and 30.7% 

respectively, for members of several species of woodpeckers. The A-T rich 

nature of this sequence data is a common characteristic found in noncoding 

regions (Li and Graur 1991). The Ti/Tv ratio of 1.21 reported in eariier studies is 

similar to the value of 1.46 calculated in this study. Variations such as the 

presence of multiple alleles (heterozygosity) was not detected in any of the 

sequences analyzed. A low heterozygosity level is not surprising given the 

extremely low and in some cases absent levels reported in previous studies 

regarding this intron (Prychitko and Moore 1997, 2000; Seddon et al. 2001). 
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The short tree length is produced by the fact that only 29 informative 

characters were present in this sequence. The high consistency index (0.86) is 

indicative of a low occurrence of homoplastic events and the high retention index 

(0.92) reflects congruence among informative characters regarding the topology 

of the (parsimony) tree. Bootstrap support is low for all nodes except the node 

identifying individuals of S. toltecus. The low bootstrap values result from the few 

characters supporting each branch, with the exception of the S. toltecus node 

that is supported by 6 characters. The relatively few homoplastic characters that 

are present in this dataset are almost exclusively at the deepest nodes. 

Tajima-Nei genetic distance values (Table 3.2) were low in all 

comparisons. However, within-species values were noticeably lower than all 

comparisons between species. This is most evident when comparing the most 

genetically diverse taxon (S. toltecus-0.22%) within the traditional S. hispidus 

species, with the lowest between species value (S. hispidus I S. hirsutus -0.72%) 

for this group. The low genetic distance values observed between clades are 

similar to those reported from other studies involving this gene (Prychitko and 

Moore 1997, 2000; Seddon et al. 2001). Although the temporal limits of BflbITs 

phylogenetic utility have not been definitively described, it is estimated that this 

marker will be useful in resolving radiation events occurring approximately 4-7 

million years before present in some taxa (Prychitko and Moore 1997). The 

evolutionary rate of BflbIT is slower than one would expect for a sequence 

operating under the neutral theory (Kimura 1968). Possible explanations for the 
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relatively slow rate of evolution seen in BflbIT could be that this region has a 

regulatory function or is involved in the splicing of the exons flanking this intron, 

whose expression results in the production of vital blood-clotting factors (Clark et 

al. 1996; Jackson and Hoffman 1994; Leicht et al. 1995; Prychitko and Moore 

2000). 

Although slight variations exist with respect to the topologies generated by 

parsimony, neighbor-joining and likelihood analyses, all of the analyses 

consistently group all individuals to a species-specific clade without the formation 

of paraphyletic assemblages. This topology consistently is generated due to the 

presence of autapomorphies that are "fixed" within each terminal group. There is 

a noticeable lack of synapomorphic changes uniting the terminal branches at the 

deeper nodes, resulting in the formation of an unresolved polytomy between all 

the species analyzed. This is illustrated in Figure 3.1 which shows an 

unweighted parsimony tree with the characters plotted onto each branch. The 

results of this study indicate that the evolutionary patterns evident in BflbIT can 

be useful in distinguishing among the three morphologically cryptic species, 

however the utility of this marker in establishing interrelationships among cotton 

rat species seems limited. In light of these data, BflbIT may be useful in 

examining the phylogenetics of rodent taxa, but is most effective when used in 

conjunction with other markers such as the mitochondrial cytochrome b gene. 
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Specimens examined 

The specimens examined are listed below by museum acronym (Hafner et 

al., 1997), specific identification numbers, collector numbers, or catalogue 

numbers, and GenBank accession numbers. All localities are in the United 

States unless othenwise specified. Abbreviations for identification numbers are 

as follows: Abilene Christian University Natural History Collection (ACUNHC); 

Angelo State Natural History Collections (ASU); John C. Patton (JCP); Museum 

of Texas Tech University (TK); Royal Ontario Museum (FN), The Museum of 

Southwestern Biology, (NK); and University of Texas Medical Branch at 

Galveston (T and FSH). 

Sigmodon alleni vulcani.—MEX\CO: Michoacan; 3.5 km N Tancutaro, 

2353 m (TK 45276, AF155425). 

Sigmodon alstoni.—VENEZUELA: Portuguesa; Municipality Guanare, Gato 

Negro (just S Guanare) (T 2140, AF293396). 

Sigmodon arlzonae major.—MEXICO: Durango; San Juan de Camarones (TK 

70928, AF155423). 

Sigmodon fulvlventer dalquesti.—Texas; Jeff Davis County, 1.5 mi W Point of 

Rocks Park (TK 29915, AF293399). 

Sigmodon hirsutus ssp.—HONDURAS: Francisco Morazan; El Picacho 

Zoological Parque (TK101080). HONDURAS: Olancho; 4Km E Catacamas 

(TK102110). HONDURAS: Valle; 3KmN 9Km SW San Lorenzo (TK101127). 
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MEXICO; Chiapas; 9 mi N. Ocozocoaulta (TK 93324, AF425193; MEXICO: 

Oaxaca; 2 km S La Blanca (TK 93249, AF425194). 

Sigmodon hispidus berlandleh.— Texas; Dimmit County, Chaparral Wildlife 

Management Area (TK 84530, AF425200). Louisiana; East Baton Rouge Parish, 

(M 1915, AF425204). 

Sigmodon hispidus littoralis.—F\onda; Brevard County, Sebastion Inlet State 

Park (TK 92509, AF425208). 

Sigmodon hispidus texlanus.—Kansas; Ellis County, Hays (OK 5830, AF425213 

Sigmodon leucotis leucotls.—MEX\CO: Durango; Hacienda Coyotes (TK 70798, 

AF293401). 

Sigmodon mascotensis Inexoratus.—MEX\CO: Jalisco; 2 km NW Mesconcitos 

(TK 93075, AF425215). MEXICO; Michoacan; Patzcuaro (Lake) (JCP 1061, 

AF296188). 

Sigmodon ochrognathus.— Sigmodon ochrognathus.—Texas: Presidio Co., Big 

Bend Ranch State Natural Area.(TK48160, AFXXXXXX) 

Sigmodon toltecus fun/us.—MEXICO: Quintana Roo; 6 km S, 1.5 km W Tres 

Garantias (FN 32695, AF293402). 

Sigmodon toltecus saturatus.—GUATEMALA: El Peten; El Remate (FN 34003, 

AF425223). GUATEMALA; El Peten; 10 km N Tikal (FN 31990, AF425222). 

MEXICO: Chiapas; 9 mi N. Ocozocoaulta (TK 93323, AF425228). 
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Table 3.1. List of primers utilized in cycle sequencing reactions for Beta-
fibrinogen intron 7. 

PRIMER NAME PRIMER TYPE SEQUENCE 5'-3' 
TCCCCAGTAGTATCTGCCATTAGGGTT 
GGAGAAAACAGGACAATGACAATTCA 
C 
GTATCTGCCATTAGGGTTGGCTGCAT 
G 
GACAATTCACAATGGCATGTACTTCAG 

CAGCAACCAGAGGACATCTCCCTG 

CAGGGAGATGTCCTCTGGTTGCTG 

FiB-BI7L* 
FiB-BI7U* 

bFiB-l7L 

bFiB-l7U 

Bfib300F 

Bfib300R 

PCR 
PCR 

Cycle 
sequencing 
Cycle 
sequencing 
Cycle 
sequencing 
Cycle 
sequencing 
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100 
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S. fulvlventer 

S. leucotis 

S. hirsutus 

S. alleni 

S. ocfirognattius 

S. hispidus 

S. mascotensis 

S. toltecus 

S. arizonae 

S. alstoni 

Figure 3.1. Parsimony analysis strict consensus tree generated using 617bp 
of intron 7 of the Beta-Fibrinogen gene. Gray crosses indicate a single 
parsimony informative character located at that node. Bootstrap values are 
given above each node. 
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Table 3.2. Average Tajima-Nei genetic distance values for 
selected clades examined in this study. 

Taxa Compared 

Within Sigmodon 
hirsutus populations 

Average Genetic Distance 
(%)between BFibl7 
Sequences 

0.19 

Within Sigmodon 
hispidus populations 
Within Sigmodon 
toltecus populations 
S. hispidus 
vs. S. hirsutus 
S. hispidus 
vs. S. toltecus 
S. hispidus 
vs. S. ochrognathus 
S. hirsutus vs. 
S. alleni 
S. hirsutus vs. 
S. toltecus 
S. hirsutus vs. S. 
ochrognathus 
S. ochrognathus vs. 
S. toltecus 

0.17 

0.22 

0.72 

1.60 

2.64 

0.47 

1.80 

2.92 

3.67 
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CHAPTER IV 

BETA-FIBRINOGEN INTRON 7 AND MITOCHONDRIAL 

CYTOCHROME B SEQUENCES: A TOTAL EVIDENCE APPROACH TO 

THE SYSTEMATICS OF THE SIGMODON HISPIDUS SPECIES GROUP 

Abstract 

Nucleotide sequences of the BflbIT (617bp) and the mitochondrial 

cytochrome b gene (1143bp) were analyzed for 21 populations representing 10 

Sigmodon species (S. alleni, S. alstoni, S. arlzonae, S. fulvlventer, S. hirsutus, S. 

hispidus, S. leucotis, S. mascotensis, S. ochrognathus, and S. toltecus). 

Nucleotide sequence data were generated from the same populations for both 

loci. These sequences were analyzed as three data sets: mitochondrial cyt b, 

nuclear data from BflbIT, and a combined sequence formed from both cyt b and 

BflbIT. All analyses of each data set (parsimony, likelihood, genetic distance) 

produced trees with similar topologies. 

Introduction 

The historic range of the cotton rat, Sigmodon hispidus has included the 

southern half of the United States (below 40° N latitude), Mexico (excluding the 

west coast), Central America, and the northern coastal grasslands of South 

America (Cabrera, 1961; Hall, 1981). At least 25 subspecies have been 

recognized, with the majority of these occurring in the United States (10) and 
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Mexico (11), and the remainder (4) in Central and South America (Hall, 1981; 

Voss, 1992; Carleton et al., 1999). Recently, nucleotide sequence data from the 

mitochondrial cytochrome b gene suggested three morphologically cryptic 

species are present within the former monotypic Sigmodon hispidus (Carroll et al 

2002; Peppers and Bradley 2000; Peppers et al. 2002). In addition, Carroll and 

Bradley (2002) presented results based on nucleotide sequence data from Intron 

7 of the Beta-fibrinogen gene (BflbIT) which produced a topology similar to those 

generated from mitochondrial sequences (cytochrome b). What is needed is an 

analysis which combines these data sets. The goal of this research is to utilize 

data sets from these two markers to present a total evidence approach to the 

systematic questions regarding the taxonomy of the Sigmodon hispidus species 

group. 

Methods and Materials 

Mitochondrial sequence data. For all samples DNA was extracted from 

frozen liver samples (0.1g). Mitochondrial DNA was purified using the Wizard 

Miniprep kit (Promega®, Madison, Wl). For some specimens, genomic DNA was 

isolated following the methods of Smith and Patton (1999). The complete 

cytochrome-ib gene (1,143 bp) was amplified from all individuals. The following 

polymerase chain reaction (PCR) parameters were modified as described by 

Saiki et al. (1988): 27 cycles of 95° C denaturatton (1 min), 50° C annealing (1 

min), 72° C extension (2 min), and one final 72° C extenston cycle (7 min). 
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Primers utilized in the PCR reactions were MVZ05 of Smith and Patton (1993) 

and L14724 of Inwin et al. (1991). The resulting PCR product was purified using 

the QIAquick PCR purification kit (Qiagen®, Valencia, CA). The following seven 

primers were used in cycle sequencing reactions to amplify three 400 bp 

fragments on the fonward and reverse strands, of cytochrome b respectively: 

SIG270, SIG610, WDRAT1100, 700H, 700L (Tiemann-Boege et al. 2000; 

Peppers and Bradley, 2000); 752R (Bradley et al. 2000); and 870R (Peppers et 

al. 2002). Cycle sequencing was conducted using the ABI Prism dRhodamine 

terminator ready reaction mix (PE Applied Biosystems®, Foster City, CA) and 

samples were analyzed on an ABI Prism 310 automated sequencer (PE Applied 

Biosystems®, Foster City, CA). Sequencher 3.0 software (Gene Codes, Ann 

Arbor, Ml) was used to align and proof nucleotide sequences. All cytochrome-b 

sequences obtained in this study were deposited in GenBank and are listed in 

Specimens Examined. 

Nuclear sequence data. Genomic DNA was isolated following the 

methods of Smith and Patton (1999). The following polymerase chain reaction 

(PCR) parameters are modified from Prychitko and Moore (2000) and will be 

used to amplify BflbIT: 1 cycle of 93.5° 27 (1 min), 33 cycles of 93.5° C 

denaturation (40s), 49° C annealing (40s), 72° C extension (1 min 30s), and one 

final 72° C extension cycle (2 min). Primers utilized in the PCR reactions are 

Bfibl7L and Bfibl7U of (Prychitko and Moore 1997). The resulting PCR product 

was purified using the QIAquick PCR purification kit (Qiagen®, Valencia, CA). 
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Four previously unreported primers were used in cycle sequencing reactions to 

amplify four 400 bp fragments on the fonA/ard and reverse strands (Table 3.1). 

Cycle sequencing was conducted using the ABI Prism Big Dye version 3 

terminator ready reaction mix (PE Applied Biosystems®, Foster City, CA). 

Samples were analyzed on an ABI Prism 310 automated sequencer (PE Applied 

Biosystems®, Foster City, CA). Sequencher 3.0 software (Gene Codes, Ann 

Arbor, Ml) was used to align and proof nucleotide sequences. Phylogenetic 

analysis based on nuclear genes can be problematic due to heterozygosity, 

nucleotide insertions and deletions, and the high mutation rates of introns (Hillis 

1996). Sequences were aligned and chromatograms were inspected for the 

presence of heterozygotes. All sequences generated were submitted to 

GenBank. The GenBank accession numbers are listed in the specimens 

examined. 

Data analysis. The nucleotide sequences of the BflbIT (617bp) and the 

mitochondrial cytochrome b gene (1143bp) were analyzed for 21 populations 

representing 10 species of Sigmodon (S. alleni, S. alstoni, S. arlzonae, S. 

fulvlventer, S. hirsutus, S. hispidus, S. leucotls, S. mascotensis, S. ochrognathus, 

and S. toltecus). Collection localities for all individuals are shown in Fig. 4.1. 

Nucleotide sequence data was generated from the same populations for both 

loci. These sequences were analyzed as three data sets; mitochondrial cyt b, 

nuclear data from BflbIT, and a combined sequence formed from both cyt b and 

BflbIT. The combined data represents a total evidence approach, which follows 
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the taxonomic congruence model initially described by Mikevich (1978) and 

Levasseur et al. (2001). All data generated in this study were analyzed using 

likelihood, parsimony and distance methods. PAUP*version 4.0b10 (Swofford 

2001). Variable nucleotide positions within both data sets were treated as 

unordered, discrete characters with four possible states; A, C, G, or T. All 

analyses were conducted using S. alstoni, S. fulvlventer and S. leucotis as 

outgroup taxa. Parsimony analyses used equally-weighted characters and the 

heuristic search option in PAUP* (Swofford 2001). All phylogenetically 

uninformative characters were excluded from parsimony analyses. Due to the 

inclusion of a noncoding region in the combined dataset; the transitions, 

transversions, and codon positions were weighted equally. Bootstrap support 

values were calculated to indicate nodal support (Felsenstein 1985). Two 

neighbor joining trees and distance matrices were considered appropriate for this 

study. The Tamura-Nei model has been used in all previous studies involving 

mitochondrial nucleotide sequences in Sigmodon, and includes the parameters 

appropriate for the evolution of mitochondrial DNA nucleotide sequences 

therefore this model was utilized in the cyt b dataset (Peppers and Bradley 2000; 

Peppers et al. 2002; Tamura and Nei 1993). The Tajima-Nei Model has been 

identified as the best model for analyzing BfibIT due to the lack of any strong bias 

in the ratio of transitions to transversions in this intron. Therefore, the application 

of the Tajima-Nei model to the nuclear gene data in this study would yield results 

for comparison to previous studies of BflbIT and decrease the variance by 
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incorporating the model with the fewest assumptions which account for all the 

parameters relevant to these data. (Tajima and Nei 1984,1993). For the 

combined data set, the Tamura-Nei model was utilized due to its consideration of 

all necessary parameters for both nucleotide data sets (Tamura and Nei 1993). 

The Modeltest program (Posada and Crandall 1998) examined 56 models 

of DNA evolution to determine the best model for likelihood analysis of each data 

set. The HKY and GTR+I+G models of evolution were identified as being most 

appropriate for the BflbIT data. The GTR+I+G model of evolution was identified 

being most appropriate for the cyt b data. Previous studies involving these taxa 

have utilized the GTR+I+G model, therefore this likelihood model was used in all 

analyses in this study. The Shimodaira-Hasegawa Test (Shimodaira and 

Hasegawa 1999) was used to statistically compare the likelihood scores from the 

various topologies to identify the best tree produced in each comparison. 

Results 

Nucleotide composition was as follows for the genetic loci examined (cyt 

bIBflbIT): A—28.8/33.2%, C—28.8/21.7%, G—11.2/16.8%, and T—31.2/28.3%. 

A total of 29, 293, and 322 phylogenetically informative characters were used in 

the parsimony analysis in BflbIT, cyt b, and the combined data sets respectively. 

Although heterozygous sites have been very low in all reported sequences of 

BflbIT and was not observed in this study, all phylogenetically informative sites 

were carefully screened to assure all individuals were homozygous at these 
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sites. The ratio of transitions to transversions was 1.46 in BfibIT and 3.72 for cyt 

b. 

Parsimony analysis of the nucleotide sequences from cyt b generated a 

tree (Fig. 4.2) with S. ochrognathus being in the basal position of the entire S. 

hispidus species group (S. alleni, S. arizonae, S. hirsutus, S. hispidus, S. 

mascotensis, S. toltecus). Two major clades were depicted. The first clade 

consists of the North American S. hispidus populations which form a sister clade 

with S. ahzonae and S. mascotensis populations. This major clade is in a sister 

taxa relationship with a larger clade containing S. alleni, S. hirsutus, and S. 

toltecus. Within this larger clade S. toltecus forms a sister relationship with a 

subclade consisting of populations of S. hirsutus joined by S. alleni. The cyt b 

sequence and the combined cyt b I BflbIT produced similar topologies in the 

parsimony analysis, with the exceptions being the lack of resolution between 

populations of S. toltecus, and the collapsing of the node joining the S. 

mascotensis and S. hispidus clades, causing both of these to be unresolved 

within the in group taxa in the combined data. Although the topologies depicted 

are similar, the combined data set shows higher tree scores in both the 

consistency index 45.4-47.0 and retention index 66.9-68. 

Parsimony analysis of the BflbIT data depicted a tree that defined the 

same terminal nodes as cyt b and the combined dataset, but is largely 

unresolved at the deeper nodes (Fig. 3.1). Within the parsimony tree the S. 

mascotensis I S. arlzonae clade is the only exception, in that the relationship 
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between these two taxa is unresolved by the BflbIT data. The tree values 

(Cl=86.5, Rl=91.5) are higher than either of the previous datasets. 

In general, all analyses of each data set (parsimony, likelihood, genetic 

distance) produced trees with similar topologies. Within the cyt b data all trees 

matched the parsimony tree previously described, with the exception of the S. 

toltecus clade in the Tamura-Nei genetic distance tree. The topology produced 

in this analysis depicts these populations as being separated into two distinct 

clades whereas in other analyses the S. toltecus populations join in a stepwise 

manner. The topology of the neighbor joining tree generated from the BfibIT data 

using the Tajima-Nei model of evolution, differed from the other analyses 

(parsimony and likelihood) in that the topology depicted a S. arlzonae I S. 

mascotensis clade that formed a sister taxon to S. hirsutus. Phylogenetic trees 

produced by Tamura-Nei and Likelihood analysis of the combined dataset (cyt b 

and BfibIT) depicted a topology similar to the parsimony tree with the exception 

of placing S. hispidus populations in a sister relationship with the S. arlzonae / S. 

mascotensis clade. Genetic distance values for each separate data set are listed 

in Table 4.1. 

All analyses of all three data sets produced monophyletic clades of all 

Sigmodon species examined. To test the topologies of the cyt b tree against the 

tree produced by the BfibIT data, the latter tree was constrained to form a 

monophyletic clade of all former members of S. hispidus (S. hirsutus, S. hispidus, 

and S. toltecus). These two topologies were compared using the Shimodaira-
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Hasegawa test (1999). No significant difference (P>.05) was found between the 

two topologies. 

Discussion 

Nucleotide composition of cyt b and BfibIT do not deviate from those 

proportions previously reported for either locus (Edwards and Bradley 2001; 

Peppers and Bradley 2000; Prychitko and Moore 1997, 2000; Seddon et al. 

2001). As noted by researchers, BfibIT has a paucity of phylogenetically 

informative characters. This is perhaps best illustrated by calculating the 

percentages of phylogenetically informative characters for each sequence 

(4.70%/25.63%) of BfibIT and cyt b, respectively. The observed difference in 

transition/transversion ratios between these two loci is congruent with previous 

studies. Various ratios have been reported for cyt b, but all show a significant 

deviation biased toward transitions with respect to the 1:1 ratio expected at 

random. Bfibl7 however, seems to remain close to this 1:1 ratio in all taxa 

examined in this and other studies. This is consistent with the neutral model of 

evolution that would be expected for a noncoding region in the genome (Kimura 

1968). Additionally, the A-T rich nature of the BfibIT sequence could be 

explained by Li and Graur's (1991) study, where A and T mutate at lower 

frequencies often resulting in a greater frequency of these bases in nucleotide 

sequences of pseudogenes. 
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The comparison of tree scores between the parsimony results from all 

three data sets illustrates a relatively high degree of congruence between 

characters within the BfibIT sequence relative to the cyt b sequence. This is 

likely due to the swamping of the BfibIT characters by the cyt b characters. 

However, it is unlikely that increasing the weight of the BfibIT characters would 

affect the topology due to the congruence of most parsimony informative 

characters with the mitochondrial tree. This overall similarity of all topologies is 

best illustrated by the results of the Shimodaira-Hasegawa test between the two 

most divergent trees produced in this study. When the unweighted parsimony 

tree based on the sequence data from BflbIT is constrained to the topology 

produced by both the neighbor joining and likelihood analyses of the cyt b data, 

no significant difference (P>.05) was be detected between the resulting 

topologies. This is best explained by the fact that 16 of the 29 parsimony 

informative characters in the BflbIT data provide support for the terminal nodes 

as depicted by the cyt b data instead of the deeper nodes. These characters 

provide utility in consistently separating the clades depicted in the analysis of the 

cyt b data and presented by previous studies (Carroll et al. 2002; Peppers and 

Bradley 2000; Peppers et al. 2002). However, a noticeable lack of 

synapomorphies obscures the inter-relationships among the Sigmodon species 

when BflbIT is considered alone. Additionally, those characters uniting the 

terminal nodes are most often "fixed" within these clades and therefore are not 

capable of resolving intraspecific variation in cotton rat species. 
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An examination of the genetic distance values for the independent 

datasets as seen in Table 4.1 illustrates the markedly slower rate of evolution in 

BflbIT relative to cyt b. The reported divergence values of Peppers et al. (2002) 

for the distance values of the S. toltecuslS. hirsutus, S. toltecuslS. hispidus, and 

S. hirsutuslS. hispidus are 13.52%, 13.69%, and 12.98% respectively. The 

equivalent BfibIT values are 1.80%, 1.60%, and 0.72%. The time since 

divergence values calculated in previous research (Peppers et. al 2002) indicate 

that these clades all diverged just under 4 million years ago. Prychitko and 

Moore (2000) estimated that the phylogenetic utility of BfibIT would be most 

efficient at depicting divergences between 4 and 7 million years. An estimate of 

the rate of evolution of BflbIT can be obtained by calibrating the molecular clock 

using the data presented for woodpecker lineages (Prychitko and Moore 1997). 

Specifically, the divergence of Colaptes auratus and Piculus rubinosus is thought 

to have occurred 3-4mya. Using a value of 3.5 mya and the genetic distance of 

2.25% from Prychitko and Moore's Table 2 (1997) the rate would be 

0.64%/million years. This rate would give time since divergence for the three 

Sigmodon groups (S. toltecuslS. hirsutus, S. toltecuslS. hispidus, and S. 

hirsutuslS. hispidus) at 2.81 mya, 2.5 mya, and 1.13 mya, respectively. The 

equivalent values from Table 1. in Peppers et al. (2002) are 3.86 mya, 3.91 mya, 

and 3.71 mya. The latter set of values are supported by evidence in the fossil 

record and by data generated from a larger sample size (Carroll et al. 2002). 

This could be explained by rate heterogeneity in 8f/Jb/7 which would lead to an 

71 



erroneous molecular clock, or by an insufficient sample size causing an 

underestimation of the genetic diversity present at this locus. Alternatively, the 

divergences examined could be below the optimum level of resolution of BflbIT. 

The latter scenario is supported by the 4-7 million year window noted by 

Prychitko and Moore (2000). 

These data agree with previous studies that examined the phylogenetic 

utility of BfibIT (Prychitko and Moore 1997, 2000; Seddon et al. 2001). This 

nuclear intron has a slower rate of evolution in Sigmodon species as compared 

to cytochrome b, but retains informative characters which facilitates the 

delineation of species in phylogenetic analyses. BFIbIT is a useful independent 

marker that can test species level questions in some rodent taxa. Furthermore 

these data provide additional support for the division of the traditional S. hispidus 

as recommended by eariier studies based on mitochondrial DNA. 
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Specimens Examined 

The specimens examined are listed below by museum acronym (Hafner et 

al. 1997), specific identification numbers, collector numbers, or catalogue 

numbers, and GenBank accession numbers. All localities are in the United 

States unless otherwise specified. Abbreviations for identification numbers are 

as follows: John C. Patton (JCP); Museum of Texas Tech University (TK); Royal 

Ontario Museum (FN); and University of Texas Medical Branch at Galveston (T 

and FSH). 

Sigmodon alleni vulcanl.—MEXICO: Michoacan; 3.5 km N Tancutaro, 

2353 m (TK 45276, AF155425). 

Sigmodon alstoni.—VENEZUELA: Portuguesa; Municipality Guanare, Gato 

Negro (just S Guanare) (T 2140, AF293396). 

Sigmodon arlzonae ma/or—MEXICO; Durango; San Juan de Camarones (TK 

70928, AF155423). 

Sigmodon fulvlventer dalquesti.—Texas; Jeff Davis County, 1.5 mi W Point of 

Rocks Park (TK 29915, AF293399). 

Sigmodon hirsutus ssp.—HONDURAS: Francisco Morazan; El Picacho 

Zoological Parque (TK101080). HONDURAS; Olancho; 4Km E Catacamas 

(TK102110). HONDURAS; Valle; 3KmN 9Km SW San Lorenzo (TK101127). 

MEXICO: Chiapas; 9 mi N. Ocozocoaulta (TK 93324, AF425193; MEXICO; 

Oaxaca; 2 km S La Blanca (TK 93249, AF425194). 
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Sigmodon hispidus berlandleh.— Texas; Dimmit County, Chaparral Wildlife 

Management Area (TK 84530, AF425200). Louisiana; East Baton Rouge Parish, 

(M 1915, AF425204). 

Sigmodon hispidus littoralis.—F\of\da; Brevard County, Sebastion Inlet State 

Park (TK 92509, AF425208). 

Sigmodon hispidus texlanus.—Kansas; Ellis County, Hays (OK 5830, AF425213 

Sigmodon leucotls leucotis.—MEXICO: Durango; Hacienda Coyotes (TK 70798, 

AF293401). 

Sigmodon mascotensis inexoratus.—MEXICO: Jalisco; 2 km NW Mesconcitos 

(TK 93075, AF425215). MEXICO: Michoacan; Patzcuaro (Lake) (JCP 1061, 

AF296188). 

Sigmodon ochrognathus.—Texas: Presidio Co., Big Bend Ranch State Natural 

Area. (TK48160, AFXXXXXX) 

Sigmodon toltecus fun/us.—MEXICO: Quintana Roo; 6 km S, 1.5 km W Tres 

Garantias (FN 32695, AF293402). 

Sigmodon toltecus saturatus.—GUATEMALA: El Peten; El Remate (FN 34003, 

AF425223). GUATEMALA; El Peten; 10 km N Tikal (FN 31990, AF425222). 

MEXICO: Chiapas; 9 mi N. Ocozocoaulta (TK 93323, AF425228). 
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Table 4.1. Average genetic distance values for selected clades examined in 
this study. Values in the cyt b column represent Tamura-Nei distances and 
values in The BFibl7 column represent Tajima-Nei distances. 

Taxa Compared 

Within Sigmodon 
hirsutus populations 

Average Genetic Average Genetic 
Distance (%)between Distance (%)between 
Cyt b Sequences BFibIZ Sequences 

Within Sigmodon 
hispidus populations 
Within Sigmodon 
toltecus populations 
S. hispidus 
vs. S. hirsutus 
S. hispidus 
vs. S. toltecus 

2.53 

3.65 

1.63 

12.55 

12.87 

0.19 

0.17 

0.22 

0.72 

1.60 

S. hispidus 
vs. S. ochrognathus 
S. hirsutus vs. 
S. alleni 
S. hirsutus vs. 
S. toltecus 
S. hirsutus vs. S. 
ochrognathus 
S. ochrognathus vs. 
S. toltecus 

12.50 

10.01 

12.87 

15.08 

13.81 

2.64 

0.47 

1.80 

2.92 

3.67 
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Legend 
S. alleni O 
iS". alstoni D 
S. arizonae # 
S. fulvlventer O 
S. hirsutus • 
S. hispidus D 
S. leucotis • 
S. mascotensis A 
iS. ochrognathus • 

'-

Figure 4.1. Map depicting the collection localities of samples analyzed with 
both Cyt b and Bfibl7 nucleotide sequences. 
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S. hirsutus 

- S. alleni 

S. toltecus 

S. hispidus 

S. mascotensis 

S. arizonae 

S. ochrognathus 

S. fulvlventer 

S. leucotis 

S. alstoni 

Figure 4.2. Parsimony analysis strict consensus tree 
generated using 1143bp of the mitochondrial cyt b 
gene, and BfibIT. Bootstrap values are given to 
indicate the support for the labeled node. 
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CHAPTER V 

CONCLUSIONS 

Introduction 

Three of the chapters (ll-IV) presented in this dissertation were written as 

separate manuscripts for publication in scientific journals. The material in each is 

part of a collective review of the taxonomy of the Sigmodon hispidus species 

group. The following is a summation of the conclusions presented in each of 

these three chapters. 

Chapter II 

At least 25 subspecies of Sigmodon hispidus have been recognized in this 

wide ranging species. A majority of these were described in the United States 

(10) and Mexico (11), and the remainder (4) in Central and South America. DNA 

sequences from the mitochondrial cytochrome-ib gene were examined for 

members of the Sigmodon hispidus species group. All phylogenetic analyses 

(genetic distance, likelihood, and parsimony) supported species level recognition 

for S. hirsutus, S. hispidus, and S. toltecus. Genetic distance values among 

these three species averaged 13.2% and exceeded that for most other 

comparisons involving members of the S. hispidus species group. In addition, S. 

hirsutus and S. toltecus were depicted as sister taxa whereas S. hispidus 

appeared to share a common ancestor with a clade containing S. arlzonae and 
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S. mascotensis. The geographic distribution of each taxon was defined based on 

DNA sequences obtained from 47 samples located throughout North, Central 

and South America. These data indicated that S. hispidus is restricted to the 

southern half of the United States; S. toltecus occupies the eastern third of 

Mexico (Tamaulipas to Chiapas); and S. hirsutus is distributed from central 

Chiapas to northern South America. Additionally, it appears that S. toltecus and 

S. hirsutus are sympatric in west-central Chiapas. The null hypothesis was that 

Sigmodon hispidus is a monophyletic assemblage. The data presented suggest 

that the null model be rejected due to the inclusion of S. alleni, S. arlzonae and 

S. mascotensis within the former S. hispidus. Alternatively, S. hispidus would be 

a paraphyletic assemblage. 

Chapter III 

Nucleotide sequence data were generated for intron 7 of the Beta-

fibrinogen gene (BfiblT)for members of the murid rodent genus Sigmodon. 

Phylogenetic relationships of the S. hispidus species group including the 3 cryptic 

species, were examined using this biparentally inherited nuclear marker. This 

marker, previously untested in rodent taxa, was successful in assigning all 

individual species within this group to monophyletic clades. In all analyses, 

resolution was lost at the deeper nodes causing the terminal branches to form an 

unresolved polytomy. The results of this study indicate that the evolutionary 

patterns evident in BflbIT can be useful in distinguishing among the three 

81 



morphologically cryptic species, however the utility of this marker in establishing 

interrelationships among cotton rat species seems limited. In light of these data, 

BflbIT may be useful in examining the phylogenetics of rodent taxa, but is most 

effective when used in conjunction with other markers such as the mitochondrial 

cytochrome b gene. The goal of this chapter was to describe the phylogenetic 

utility of BfibIT and discuss it's potential as a molecular marker in rodent 

systematics. 

Chapter IV 

Nucleotide sequences of the BflbIT (617bp) and the mitochondrial 

cytochrome b gene (1143bp) were analyzed for 21 populations representing 10 

Sigmodon species (S. alleni, S. alstoni, S. arizonae, S. fulvlventer, S. hirsutus, S. 

hispidus, S. leucotis, S. mascotensis, S. ochrognathus, and S. toltecus). 

Nucleotide sequence data were generated from the same populations for both 

loci based on the genetic subunits described previously. These sequences were 

analyzed as three data sets: mitochondrial cytochrome b, nuclear data from 

BfibIT, and a combined sequence formed from both cyt b and BflbIT. All 

analyses of each data set (parsimony, likelihood, and genetic distance) produced 

trees with very similar topologies. The nuclear intron had a slower rate of 

evolution in Sigmodon species as compared to cytochrome b, but retains 

informative characters which facilitate the delineation of species in phylogenetic 

analyses. BFIbIT is a useful independent marker that can test species level 
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questions in some rodent taxa. Furthermore these data provide additional 

support for the division of the traditional S. hispidus as recommended by eariier 

studies based on mitochondrial DNA. The null model of this chapter was that the 

no correlation in the rate of evolution exists between the nuclear and 

mitochondrial sequences of Sigmodon species. The presented data cannot 

conclusively refute the null model, however BFIbIT do provide a source of 

independent conformation for the cryptic species proposed using mitochondrial 

cyt b sequences. Therefore, BFibIT can provide a source of independent 

conformation for some rodent taxa when used in combination with mitochondrial 

cyt jb sequences. 
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