
 
 

 
 

ABSTRACT 

 

 

HESS, BENJAMIN MATTHEW. Distribution and Taxonomic Status of the Short-tailed Shrew 

(Genus Blarina) in North Carolina. (Under the direction of Roger A. Powell). 

 

 

Identifying and describing species is a key component in the study of biology. Species 

concepts are used to define species based on a specific set of criteria. The phenetic or 

morphological species concept uses measured characters to create clusters that represent the 

separation of species or subspecies. The genetic species concept investigates differences in 

genetic material to separate species or subspecies with a common gene pool. I examined the 

taxonomic status of the short-tailed shrew (Genus Blarina) in North Carolina using both the 

morphological and genetic species concepts. 

Short-tailed shrews have gone through several taxonomic revisions in North Carolina and 

throughout their ranges in North America. In North Carolina, the northern short-tailed shrew 

(Blarina brevicauda) with multiple subspecies and the Dismal Swamp short-tailed shrew (B. 

telmalestes) were recognized in the state. Currently, B. brevicauda knoxjonesi and B. b. talpoides 

are recognized as the northern short-tailed shrew subspecics, and B. carolinensis carolinensis is 

recognized as the northern-most subspecies of the southern short-tailed shrew in North Carolina. 

B. b. talpoides populations are found in the mountains and the northeast part of North Carolina, 

where these populations are connected with B. b. talpoides populations in Virginia. B. b. 

knoxjonesi was identified as a disjunct population in the southeast part of North Carolina. 

Morphological analyses done with the measurements on skulls and mandibles from museum 

specimens in North Carolina confirmed that B. brevicauda and B. carolinensis are distinct 

species. B. b. knoxjonesi and B. b. talpoides have substantial overlap in multivariate analyses 

(principal components analysis, linear discriminant function analysis and classification tree 



 
 

 
 

analysis), and exhibit core-edge population size variation in eastern North Carolina based on the 

classification tree analysis with localities. Genetic analyses done with the cytochrome-b gene 

extracted from liver tissue from museum specimens also confirm B. brevicauda and B. 

carolinensis as distinct species. A small samples size (n=1) for B. b. knoxjonesi does not provide 

substantial evidence for subspecies status, but this sample grouped with all samples of B. b. 

talpoides in the phylogram created with the cytochrome-b sequence data in Bayesian and 

maximum likelihood analyses. Both morphological and genetic analyses showed little variation 

within B. b. carolinensis confirming one subspecies is in North Carolina. 

My results confirm that two species of the short-tailed shrew (genus Blarina) exist in North 

Carolina. The subspecies status for the northern short-tailed shrew is questionable based on 

morphological analyses, but requires more research with genetic analyses. More B. b. knoxjonesi 

specimens should be analyzed with additional mitochondrial DNA genes sequenced to verify if 

the status based on genetic analyses is in congruence with the morphological analyses. 
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Chapter 1 

 

Introduction: Defining and Designating Species, and the Taxonomic History of the Short-

tailed Shrew (Genus Blarina) with an Emphasis on North Carolina  

 

Defining and designating species and subspecies should be done with care. Designating a new 

taxonomic name with few samples can give the impression of differences where they may not 

exist, and can give implications of a threatened population without seeing the whole picture of 

the species or subspecies. A larger sample size can more clearly document the variation in 

morphology, genetics, ecology, development, behavior and other traits. This leads to a better 

understanding of the variation that informs a taxonomist before categorical naming or separation 

is determined. 

One of the key components of species is barriers to gene flow. If a barrier exists, reproductive 

isolation combined with differences in habitat can promote variation in morphology, genetics, 

ecology and behavior, which can send different groups of organisms on their own evolutionary 

trajectories (Mayr, 1942; 1996). When identifying species and subspecies, a large sample size 

can distinguish the difference between a gradual change of characteristics suggesting 

environmental variation versus an abrupt change, suggesting a barrier to gene flow. The splitting 

of species into subspecies is equally difficult, requiring the identification of localized populations 

of a species that have distinct habitats, and ecologies and that are reproductively isolated from 

the main species distribution. To improve this distinction, large sample sizes from a large spatial 

scale can aid in examining the variation. Identifying species and subspecies is a crucial step for 
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improving or maintaining the protection of one or more species or the land that the species 

inhabit. 

Biology is the study of life and organisms, and identifying species is a way to group or 

categorize organisms. Species concepts use different sets of characteristics of organisms to 

designate species. The biological species concept (Dobzhansky, 1935; Mayr, 1942) identifies 

interbreeding populations that are reproductively isolated as species. The phenetic or 

morphological species concept (Beckner 1959; Cronquist, 1978; Smith, 1994; Sokal and Sneath, 

1963) groups individuals that share a set of unique physical characteristics. The genetic species 

concept (Dobzansky, 1950; Mayr, 1969; Simpson, 1943) identifies a species as those individuals 

with a common gene pool. Contraditions among these and other species concepts have led to 

discussion about how we define and designate species (De Querioz, 1998; Mayden, 1997; 

Mishler, 2010).  

De Quieroz (2005, 2007) developed a unified concept of species as a lineage of 

metapopulations, where the traits of divergent lineages vary over time. The different species 

concepts take different positions along the lineage. In other words, a lineage only has to be 

separately evolving from other lineages (De Quieroz, 2007). All species have characteristics that 

describe them, but taxonomists must determine what characteristics delimit species and 

systematists must determine the evolutionary relationships between species. 

As for all organisms, early descriptions of species of mammals were based on variations in 

external morphology. For mammals, species descriptions often use skull and external 

morphological characters (often called traits or characteristics). Characters on skulls provide 

information about a mammalôs diet (i.e. tooth type correlated with diet), whether it is a predator 

or prey (i.e. eye orbit positions differ between predators and prey) and what senses are dominant 



 
 

3 
 

(i.e. sizes of nasal openings, auditory bullae and orbits correlated with use of smell, hearing and 

vision). Characters of the skulls of mammals can exhibit convergent evolution. Therefore, skull 

characters do not always indicate phylogenetic relatedness. 

Closely related cryptic species can not always be identified using skull characters alone. 

Often, cryptic species can be identified by quantifying genetic differences among individuals. 

Currently, most mammalian taxonomic revisions must use both morphological and genetic 

analyses. My research used both morphological and genetic analyses to evaluate the status of 

short-tailed shrews of the genus Blarina in North Carolina. Historically, shrews of the genus 

Blarina were divided into two species (Hall, 1981), but are now classified as four species 

(Wilson and Reeder, 2005). Many subspecies have been classified and reclassified as well. 

Species of shrews and moles are grouped within the order Soricimorpha (Wilson and Reeder, 

2005). The systematic relationships within the family Soricidae, the red-toothed shrews, have 

been relatively well studied, especially within the genera Sorex (Diersing, 1980; Foresman and 

Jensen, 1992; Huggins and Kennedy, 1989; Van Zyll De Jong, 1980; Van Zyll De Jong and 

Kirkland, 1989) and Blarina (Genoways and Choate, 1998). 

Shrews in the genus Blarina are short-tailed shrews, which have relatively short tails 

compared to their body lengths.  These short-tailed shrews are easily distinguished from the 

genus Cryptotis, which also have a short tail relative to their body length, by the presence of 5 

unicuspids and 32 total teeth as compared to Cryptotis, which have 4 unicuspids with only 3 

visible from a lateral view and 30 total teeth (George et al., 1986; Whitaker, 1974). Shrews of the 

genus Blarina are large shrews living only in North America and have dense short grayish-brown 

to dark gray dorsal pelage with lighter ventral pelage. Their small ears are concealed by their 

pelage; they have tiny eyes and pointed snouts. Short-tailed shrews live throughout most of the 
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central and eastern United States from eastern Texas to Florida and north to southern 

Saskatchewan and Nova Scotia (George et al., 1986; Hall, 1981; Kurta, 1995; McCay, 2001; 

Thompson et al., 2011). They are mostly nocturnal and are considered habitat generalists, living 

in coastal salt marshes, old fields, deciduous and mixed forests and other diverse habitats (Trani 

et al., 2007; Whitaker and Hamilton, 1998).  Short-tailed shrews may be soil specialists because 

they are often associated with loose damp soil, allowing semi-fossorial movements within 

habitats. 

The original use of Blarina is credited to Gray (1838), and Blarina was elevated to the genus 

level by Lesson (1842). Merriam (1895) considered Blarina a subgenus of Sorex and designated 

three species: Sorex [B.] brevicauda (Baird, 1858; Say, 1823), Sorex [B.] carolinensis (Bachman, 

1837) and Sorex [B.] telmalestes. Hall (1981) designated two species in the genus Blarina: B. 

brevicauda, with 15 subspecies, and B. telmalestes (swamp or Dismal Swamp short-tailed 

shrew), without any subspecies. More recent analyses have revealed 3 species: B. brevicauda 

(northern short-tailed shrew ï Baird, 1858; Say, 1823), B. carolinensis (southern short-tailed 

shrew ï Bachman, 1837), and B. hylophaga (Elliotôs short-tailed shrew ï Elliot, 1899) based on 

multiple studies (Baumgardner et al., 1992; Garland and Heidt, 1989; Genoways and Choate, 

1998; George et al., 1981; George et al., 1986; McCay, 2001; Schmidly and Brown, 1979; 

Thompson et al., 2011). Wilson and Reeder (2005) designated a fourth species, B. peninsulae 

(Everglades short-tailed shrew ï Merriam, 1895) based on the taxonomic work on the short-

tailed shrews in Florida (Benedict et al., 2006; Genoways and Choate, 1998; George et al., 1981; 

Wilson and Ruff, 1999).  

Molecular phylogenetic research on Blarina supports the monophyly of the genus and 

suggests that speciation occurred 3.7 to 4.6 mya, before the onset of Pleistocene glaciations 
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(Brant and Ortí, 2002). Fossil records suggest that the origins of B. brevicauda date to the 

Pliocene (~2 mya), B. carolinensis dates to the late Pliocene to early Pleistocene (~1.7 mya) and 

B. hylophaga dates to the late Pleistocene (Brant and Ortí, 2002; Harris, 1998). The earliest 

specimens of B. brevicauda were recovered from fauna in Kansas, and specimens of B. 

carolinensis were first known from fauna in western Florida in the early Pleistocene (Jones et al., 

1984). Handley (1971) indicated that the current range of B. carolinensis emanated from western 

Florida. Cave deposits near Savanna, Georgia, contained Blarina of two sizes suggesting that 

ancestral species of Blarina could have exhibited sympatry in this region (Hulbert and Pratt, 

1998). Recent distributions, however, of B. brevicauda and B. carolinensis appear parapatric, 

segregated by both temperature and moisture extremes (Graham and Semken, 1976; Jones et al., 

1984).  

Lee et al. (1982) created an early distribution map (Figure 1.1) of the genus Blarina in North 

Carolina, showing B. brevicauda telmalestes (Merriam, 1895) in the Dismal Swamp region, B. 

brevicauda kirtlandi (Bole and Moulthrop, 1942) at low elevations in the mountains and in the 

upper piedmont, B. b. churchi (Bole and Moulthrop, 1942) at the high mountain elevations, and 

B. carolinensis carolinensis (Bachman, 1837) in the Coastal Plain region. B. brevicauda 

telmalestes was considered smaller than the other northern short-tailed shrew subspecies, and 

was thought to be isolated within the Dismal Swamp in North Carolina and Virginia (Handley, 

1979; Lee et al., 1982; Paul, 1965; Rhoads and Young, 1897). Nonetheless, short-tailed shrew 

specimens collected from the southeast part of North Carolina were comparable in size to B. b. 

telmalestes, where only B. carolinensis was assumed to be found (French, 1981; Webster et al., 

1984). Clark et al. (1985) identified specimens from upland areas near the Carolina Bays of 
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Bladen County as B. carolinensis. They presumed that large specimens in areas with wet forest 

floors to be B. b. telmalestes. Thus, the taxonomy of Blarina in North Carolina was confused.  

Using more Blarina specimens from North Carolina, Webster et al. (1985) described the 

distribution of B. carolinensis to be throughout the piedmont and the coastal plain, and the 

distribution of B. brevicauda to be split between the foothills and mountain regions in the west 

and 2 disjunct populations in the northeastern and southeastern coastal plain (Figure 1.2). In a 

study of B. brevicauda in eastern North Carolina, Webster (1996) described a new subspecies, B. 

b. knoxjonesi, in the southeastern coastal plain. In this research, he defined a separation of the 

species based on habitat where ñB. carolinensis occupies relatively dry well-drained uplandsò, 

while B. brevicauda inhabits areas that retain more moisture. The most recent update on the 

taxonomy of B. brevicauda combined the subspecies B. b. churchi, B. b. kirtlandi and B. b. 

telmalestes into B. b. talpoides (Gapper, 1830), but retained the subspecies B. b. knoxjonesi 

(Figure 1.3; Webster, 1996; Webster et al., 2011). 

The goal of my research was to examine the current taxonomy of the short-tailed shrews of 

the genus Blarina in North Carolina. I used phenotypic and genetic data from Blarina specimens 

collected in North Carolina. From museum specimens, I analyzed skull and mandible 

measurements and analyzed mtDNA sequences extracted from liver tissues. If multiple species 

and subspecies exist in North Carolina, the analyses done with skull and mandible measurements 

and mtDNA should separate specimens into groups. Using a historical perspective of the 

classification for the short-tailed shrew in North Carolina, I compared past and present species 

and subspecies designations in the state, mapped the species and subspecies ranges using locality 

information available with specimens, and investigated areas where species or subspecies may 

overlap to determine if any barriers may exist. 
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Figure 1.1: Proposed distributions of species and subspecies designations for the short-tailed 

shrews in North Carolina by Lee et al. (1982). Three subspecies of Blarina brevicauda were 

proposed to occur in North Carolina: B. b. telmalestes (1) was thought to be confined to the 

Dismal Swamp region only, B. b. kirtlandi (2) was thought to occupy most of the upper 

piedmont and lower elevations of the mountains, and B. b. churchi (3) was documented as the 

largest subspecies in North Carolina and was thought to only be found at the highest elevations 

of the mountains. The short-tailed shrews in southeast North Carolina were classified as B. 

carolinensis (4) and thought to be found in the coastal plain and lower piedmont region. Two or 

more museum records in close proximity are indicated with a dot, while a ñcò reflects a record 

indicating only the county level locality. The North American distribution map was split as 

Blarina brevicauda (A) to the north and B. carolinensis (B) to the south. This figure was taken 

from A Distributional Survey of North Carolina Mammals by Lee et al. (1982). 
 

  

1. Blarina brevicauda telmalestes (Merriam) 

2. Blarina brevicauda kirtlandi (Bole and Moulthrop) 

3. Blarina brevicauda churchi (Bole and Moulthrop) 

4. Blarina carolinensis (Bachman) 
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              Northern short-tailed shrew                       Southern short-tailed shrew  

 
 

 

Figure 1.2: Proposed distributions of the short-tailed shrews in North Carolina by Webster et al. 

(1985). The map on the left shows the distribution of the northern short-tailed shrew (Blarina 

brevicauda), while the map on the right shows the distribution of the southern short-tailed shrew 

(B. carolinensis). A disjunct population of the northern short-tailed shrew is shown in 

southeastern North Carolina. These figures were taken from Mammals of the Carolinas, Virginia, 

and Maryland by Webster et al. (1985). 
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Figure 1.3: Geographic distribution of northern short-tailed shrew (Blarina brevicauda) in the 

United States and southern Canada based on museum voucher specimens by Webster et al. 

(2011). Each symbol represents an operational taxonomic unit (OTU) that is combination of 

multiple samples in a given geographic region. The subspecies designations are: A (ƺ) = B. b. 

brevicauda; B (ƶ) = B. b. jerrychoatei; C (ǒ) = B. b. talpoides; D (Ǐ) = B. b. aloga; E (ƴ) = B. 

b. delmarvensis; F (æ) = B. b. cumberlandensis; G (+) = B. b. knoxjonesi. Shaded areas indicate 

peripheral subspecies distribution with B. b. aloga (not shaded) occurring on Marthaôs Vineyard 

and Nantucket Island, Massachusetts. This figure and text with minor changes were taken from 

the Systematic Revision of the Northern Short-tailed Shrew, Blarina brevicauda (Say) by 

Webster et al. (2011). 
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Chapter 2 

 

Morphological Variation in Short -tailed Shrews (Genus Blarina) in North Carolina  

 

ABSTRACT 

 

How we define species depends on the questions being asked and the methodology used. The 

phenetic (or morphological) species concept is used in systematics of mammals to group 

organisms based on measureable differences. I examined the current taxonomy of the short-tailed 

shrews in the genus Blarina in North Carolina by comparing the morphological variation in 

skulls and mandibles from museum specimens of Blarina brevicauda knoxjonesi, B. b. talpoides, 

and B. carolinensis carolinensis. I aged individuals with a four-part classification criterion, and 

compared multivariate analyses conducted on 9 skull and 6 mandible variables to separate 

species and to look for subspecies. Each specimen was georeferenced with a point radius 

uncertainty to map the distribution of Blarina brevicauda and B. carolinensis in North Carolina. 

Throughout the Blue Ridge and Piedmont ecoregions, the species are parapatric in distribution. 

In the Middle Atlantic Coastal Plain and the southern part of the Southeastern Plains, the two 

species appear more sympatric. In southeastern North Carolina, specimens designated as B. b. 

knoxjonesi are not as disjunct as previously thought and taxonomic revisions are warranted. My 

analyses suggest that reclassifying specimens identified as B. b. knoxjonesi as B. b. talpoides 

should be considered. 
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Keywords: Blarina; classification tree analysis; cranial morphometrics; discriminant function 

analysis; morphology; multi-variate analysis; principle components analysis; short-tailed shrews; 

taxonomy 

 

INTRODU CTION  

 

The morphological (or phenetic or phenotypic) species concept is used in systematics to group 

organisms based on measureable (or quantitative) physical differences (Ridley, 1989; Simpson, 

1961; Smith, 1994; Sneath and Sokol, 1973). These measureable characters are used to cluster 

individual characters statistically to distinguish groups that separate visually when plotted 

(Michener, 1970; Sokol and Crovello, 1970; Sneath and Sokol, 1973). Very occasionally, one or 

two quantitative characters are able to split groups (Handley and Varn, 1994; Kirkland et al., 

1987; Schmidly et al., 1988) but, almost universally, using all the measured characters in a 

multivariate approach is required (Fisher, 1936; Johnson and Wichern, 2007). 

Multivariate analysis can be used to combine observed or measured variables into a reduced 

set of independent variables that separate the groups the best. In mammals, skulls exhibit many 

critical, diagnostic characters that have been used to separate species. A skull is involved with 

environmental interactions, like eating, movement and senses, that can influence skull size and 

shape (Holmes et al., 2016). The most common multivariate analyses used for group separation 

are principal component analysis (Jackson, 1993), discriminant function analysis (Mitteroecker 

and Bookstein, 2011) and canonical variate analysis (Albrecht, 1980). Combinations of these 

analyses are often used when separating mammal species by measurements done on skulls 

(Bronner et al., 2007; French et al., 1988; Lydeard and Kennedy, 1988; Patton, 1973). Despite 
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their wide use, multivariate approaches must be applied and interpreted with care as derived 

factors or clusters do not necessarily reflect those in nature (James and McCulloch, 1990). 

Principal components analysis (PCA) is exploratory in nature, and describes the variance-

covariance structure in a dataset (Johnson and Wichern, 2007). PCA is often visualized as a 

scatter plot to see if the data splits into clusters and reduces the number of observed variables 

that can describe the variance-covariance structure. Linear discriminant function analysis 

(LDFA) examines which variables discriminate between defined groups (Johnson and Wichern, 

2007). LDFA is often visualized graphically as a frequency histogram where the combination of 

the variables that are most common cause separation between the known groups. Canonical 

variate analysis ï also called canonical correlation analysis ï is equivalent to discriminant 

function analysis in some instances, especially in how canonical variates and discriminant 

functions are extracted in linear combinations (Glahn, 1968; Hastie et al., 1995; Hotelling, 1936). 

Visually, canonical analysis is often presented with either a scatter plot, a histogram, or both. 

In addition to the traditional multivariate analyses used to separate or group individuals, 

decision trees can split data based on classes or values. Classification and regression tree 

(CART) analysis is an umbrella term where classification trees split data into a finite number of 

classes, and regression trees split data with continuous real numbers (Brieman et al., 1984; Loh, 

2011). In classification tree analysis, recursive partitioning creates a decision tree that splits the 

data into a finite number of classes, and continues to split each new sub-group of data until an 

end criterion is reached (Therneau and Atkinson, 1997). Classification trees have an advantage 

of examining individual variable importance that have the greatest impact on splitting the finite 

number of classes (Strobl et al., 2009). 
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Short-tailed shrews of the genus Blarina were once considered two species (Hall, 1981). 

Additional samples examined and advances in systematics has now revealed four species within 

this genus (Wilson and Reeder, 2005). Variation and systematics in shrews of the genus Blarina 

were studied in Pennsylvania (Guilday, 1957), Kentucky (Rippy, 1967), Nebraska (Genoways 

and Choate, 1972), Connecticut (Choate, 1972), Illinois (Ellis et al., 1978), south-central 

Virginia (Tate et al., 1980), Kansas-Iowa-Missouri (Moncrief et al., 1982), Tennessee (Braun 

and Kennedy, 1983), Arkansas (Garland and Heidt, 1989), Texas (Schmidly and Brown, 1979; 

Baumgardner et al., 1992), eastern North Carolina (Webster, 1996) and Florida (Benedict et al., 

2006). In the studies that examined what are now considered Blarina brevicauda and B. 

carolinensis, the distributions showed a narrow zone of overlap. In southeastern Virginia and 

eastern North Carolina, however, the distributions seem to have broad overlap. 

If the distributions of two species abut, but do not overlap, the species are considered 

parpapatric. If the distributions overlap, the two species are sympatric. No two species occupy 

the exact same places at the same time (i.e. syntopic distribution) as some resources differ 

between them. Benedict (1999) suggested that the potential movement of a parapatric boundary 

could give the impression of broad sympatry between species if specimens were collected over a 

long period of time. Whether the distributions of Blarina brevicauda and B. carolinensis are 

actually sympatric in eastern North Carolina or have a moving line of parapatry is not known. 

Historically, only the northern short-tailed shrew (Blarina brevicauda carolinensis, B. b. 

churchi, and B. b. kirtlandi) and the Dismal Swamp short-tailed shrew (B. telmalestes) were 

recognized in North Carolina (Hall, 1981; Paul, 1965). George et al. (1986) continued to 

acknowledge B. b. churchi and B. b. kirtlandi, but changed B. telmalestes to B. b. telmalestes in 

North Carolina and southeastern Virginia. Genoways and Choate (1998) examined the natural 
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history of the southern short-tailed shrew (Blarina carolinensis), and determined correct species 

designations for specimens that had originally been designated as B. brevicauda. They 

summarized potential areas of overlap with the northern short-tailed shrew in North Carolina. 

This taxonomic confusion meant that many museum specimens collected prior to 1998 were 

potentially identified as Blarina brevicauda, as B. telmalestes or as old B. brevicauda subspecies, 

and may warrant updates within museum collections.  

Lee et al. (1982) proposed distributions of Blarina species and subspecies (B. brevicauda 

churchi, B. b. kirtlandi, B. b. telmalestes and B. carolinensis) in North Carolina. In their state 

distribution map for Blarina, B. carolinensis was mapped as confined to the eastern third of the 

state. The distributions of the two species of Blarina in North Carolina was updated by Webster 

et al. (1985), and Webster (1996) designated a new subspecies (B. brevicauda knoxjonesi) in the 

southeastern portion of the state. Webster et al. (2011) conducted a systematic revision of the 

northern short-tailed shrew in North America. In North Carolina, they combined Blarina 

brevicauda churchi, B. b. kirtlandi and B. b. telmalestes into B. brevicauda talpoides, but 

maintained B. brevicauda knoxjonesi as a current subspecies in the state (Webster et al., 2011). 

Although many changes in the distributions and species designations of Blarina have occurred in 

North Carolina just since 1981, additional samples and analyses may show that further revisions 

are still needed. 

The goal of my research was to examine the current taxonomy of the short-tailed shrews of 

the genus Blarina in North Carolina. To do this, I used the phenetic species concept to examine 

the morphological variation in Blarina specimens in the collections of the North Carolina 

Museum of Natural Sciences (NCSM ï formerly the North Carolina State Museum of Natural 

Sciences) and the University of North Carolina Wilmington (UNCW) mammal collections. 
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These museum collections offer the best array of specimens over space and time in North 

Carolina. I used measurements from museum specimens to confirm or correct species 

identification and investigated subspecies designations. In my research, I determined species 

where analyses on measured characters completely separate groups with no overlap. I 

determined subspecies where analyses on measured characters show some overlap within a 

species, but show an abrupt change that occurs at some geographic region separated from 

different subspecies. I also used the locality information from the specimens to create an updated 

distribution map for Blarina in North Carolina. With the map showing the presence of Blarina in 

North Carolina, I examined areas where B. brevicauda and B. carolinensis are in contact to 

determine the extent of overlap. 

 

MATERIALS AND METHODS  

 

     I collected data and measured museum specimens from the mammal collections at the 

University of North Carolina at Wilmington (UNCW) and the North Carolina Museum of 

Natural Sciences (NCSM) (Table 2.1). For each individual specimen from UNCW, I took 15 

cranial and mandibular measurements (Figure 2.1) with a Mitutoyo Absolute Digimatic caliper 

(Model No. NTD12-6ò CX ï level of accuracy, 0.01 mm) and Input Tool (IT-012U) for the 

transfer into an Excel spread sheet. Specimens from the NCSM were corrected for species 

identification based on UNCW specimen data analysis. See Appendix I for information about 

museum specimens used in this study. 

Choate (1972) established a basic list of skull measurements that have been used, with some 

variation, by other researchers (Braun and Kennedy, 1983; Ellis et al., 1978; Genoways and 
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Choate, 1972; George et al., 1981; Handley and Varn, 1994; Moncrief et al., 1982; Tate et al., 

1980). I looked for a consensus on skull and mandible characters that provided a good overall 

comparison and were good predictors for splitting taxa. 

 Descriptive statistics of all external measurements from the museum specimens, skull and 

mandible measurements, and all analyses were done in RStudio statistical software (RStudio and 

Inc., 2014; R package Version 0.98.1102). 

 I assessed first how well the currently designated taxa match the variation of critical 

morphological characters of Blarina skulls from North Carolina.  To gain a rough overview of 

the variation found in the skulls and mandibles, I used bivariate scatter plots. I then used 

multivariate analyses to examine what contributed to the variation, and if the variation 

corresponded to current taxonomy. For multivariate analyses, I used only data from specimens 

with complete data.  I created separate data sets for the skulls proper and the mandibles. 

To test if any variation was due to sex or age, I ran a one-way multivariate analysis of 

variance (MANOVAðJohnson and Wichern, 2007) on a dataset with complete sex, age and 

measurement data. I used sex and age as the independent variables, and the 9 skull characters or 

the 6 mandibular characters as response or dependent variables to determine if there were 

differences between means of each group. The sex was used only when indicated from specimen 

data (Table 2.1), and I designated the age (i.e. sub-adult, adult, or old adult) by a 4-part 

classification criterion looking at degree of tooth wear (Pearson, 1945), upper incisor root 

exposure (Diersing, 1980; Guilday, 1957), cranial suture closure (Guilday, 1957) and the degree 

to which the cranial suture was pronounced (Table 2.2). Shrews generally devote much of their 

time foraging, and consequently, tooth wear occurs early in development due to the nature of 

their diet (Churchfield, 1990). Therefore, I weighted tooth wear and upper root exposure more 
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heavily than the cranial suture closure and crest pronouncing (Table 2.2). If either sex or age was 

significant, I ran an analysis of variance on each dependent skull and mandible character to 

determine exactly what characters were variable with the independent class selection. 

I performed a principal components analysis to see specifically what skull and mandible 

characters combined best to explain the observed variation. A scree plot determines the 

minimum number of principal components needed to explain the variation, but I examined the 

first three principal components.  Since all the measured characters are in the same units, I used a 

covariance matrix as no standardization of measure was needed.  

I performed a linear discriminant function analysis to separate group membership based on a 

linear combination of the skull and mandible characters. I ran one discriminant analysis with 

species as the known groups, and ran one with subspecies as the known groups for both skull and 

mandible characters.  

My final analyses generated taxonomic relationships based on the skull and mandible data. I 

performed a classification tree analysis to generate taxonomic trees based on measured 

characters using the RPART (Recursive PARTintioning; Therneau and Atkinson, 1997) package 

in R.  

The RPART package allows the option of two splitting indices. A Gini splitting index looks at 

the probability of a class being chosen times the probability of a mistake in categorizing (Strobl 

et al., 2007), and splits data based on the largest improvement (i.e. gain or impurity reduction) 

that also has the lowest complexity parameter (i.e. Ŭ = cost of a tree penalized by the number of 

terminal nodes) and the lowest expected loss. An information splitting index uses information 

gain, which is the probability of a randomly chosen example belonging to a class and a 

classification entropy that involves a logarithmic transformation (Berzal et al., 2003; Raileanu 
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and Stoffel, 2004). The information gain is also called the Kullback-Leibler divergence 

(Kullback, 1959; Kullback and Leibler, 1951), and is most commonly used in the iterative 

dichotomiser 3 (ID3 ï Quinlan, 1986) and the C4.5 (Quinlan, 1993) algorithms. The Gini 

splitting index is recommended for classification tree analysis, so I have used this for the 

analysis. 

I calculated two measures of misclassification rates. The re-substitution error rate is the error 

rate computed on the training data in the decision tree (Therneau and Atkinson, 1997). This 

misclassification is calculated by multiplying the root node error (i.e. total number of specimens 

not of the predicted class divided by the total number of total specimens) and the relative error 

(i.e. error on the observations used to estimate the regression model; one minus the root mean 

squared error; R2 is similar to linear regression). The cross-validated error rate uses a 10-fold 

cross validation that is an objective indicator of predictive accuracy (Therneau and Atkinson, 

1997). This misclassification is calculated by multiplying the root node error and the apparent 

error (i.e. error on the observations from the cross validation data; predicted residual error sum of 

squares). 

 

Georeferencing museum voucher specimens 

I obtained latitude and longitude coordinates based on the locality information provided for 

each specimen using the mapping software Topo USA version 6.0 (DeLorme, 2006) and Topo 

North America version 10.0 (DeLorme, 2013). For specimens located only to the county level, I 

used the geographic center of the county as the best coordinates for the true location of a 

specimen. If a specific town was used, I used the population center or specific locale as 

designated by the DeLorme software. I determined the coordinates for distance and directional 

localities (e.g. Raleigh, 5 mi E; Stumpy Point, on US 264, 1 mi S from Navy Shell Rd) with the 
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óDrawô function or contouring the roads and determining the road length. For locations, historic 

landmarks or old road names that were unable to be found, I used the larger general location that 

encompassed the detailed locality or used the geographic center of the county. 

The confidence for each point is distance away from the given latitude/longitude point where 

it is assumed that the true point exists. I used a diameter based confidence (Table 2.3: Metzler, 

1992; Metzler, 1994) with early specimens, but was converted to a point-radius confidence 

interval in meters representing the measurement error. Specimens that were georeferenced with 

the Topo North America software used a point-radius uncertainty specific to the variations in the 

written locality (Wieczorek et al., 2004). Specimens with localities and uncertainties beyond the 

county level were not used in the final distribution map. Figure 2.2 gives examples for the 

latitude and longitude coordinates and the point radius uncertainty measurement errors. 

 

RESULTS 

 

Taxa selection 

I examined and measured the skulls of 491 total specimens from UNCW of short-tailed 

shrews (131 Blarina brevicauda knoxjonesi, 197 B. b. talpoides, and 163 B. carolinensis 

carolinensis) because initially, only these specimens were identified to the subspecies level. All 

the UNCW specimen measurements were used in the descriptive statistics and bivariate analysis. 

For the multivariate analysis, I reduced this original data set to 448 total specimens with 

complete skull measurements and 461 total specimens with complete mandibular measurements. 

I also reduced this for a complete sex and age data set of 304 total specimens. I examined 584 

short-tailed shrews (36 B. b. knoxjonesi, 207 B. b. talpoides, and 341 B. c. carolinensis) from 
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NCSM. I proofed and corrected species identifications on all NCSM Blarina specimens in North 

Carolina based on the UNCW findings. NCSM B. b. knoxjonesi designations were made based 

on subspecies distribution range (Webster, 2011).  

 

Descriptive statistics and bivariate scatter plots 

Table 2.4 shows the descriptive statistics of external measurements from specimen data, and 

all skull and mandible measurements for Blarina brevicauda and B. carolinensis. All mean 

comparisons were significant, while the variance comparison showed all measurements were 

significant except tail vertebrae and ear lengths. Table 2.5 shows the descriptive statistics 

between B. b. knoxjonesi and B. b. talpoides, where the mean comparisons were all significant (P 

< 0.01) except the tail vertebrae, hind foot and ear. The subspecies variance comparison showed 

only UCL, MNH, ARB and CorHt as significant (P < 0.01) measurements. Figure 2.1 defines the 

abbreviations used for all the skull and mandible variables measured in this analysis.  

Bivariate scatter plots showed some poor (i.e. with overlap) and some good (i.e. little to no 

overlap) separation for B. brevicauda and B. carolinensis with combinations of measured skull 

or mandible characters. B. b. knoxjonesi and B. b. talpoides showed consistent overlap when 

using both the skull and mandible characters. Figure 2.3 shows skull character combinations, and 

Figure 2.4 shows mandible character combinations illustrating this. The R-squared or coefficient 

of determination value ranged from 0.6231 to 0.9474 for the skull and mandible bivariate plots, 

where the higher the value, the better one value can predict another. Consequently, bivariate 

plots were adequate in separating species with characters of low or high measured values that did 

not overlap, but did a poor job in separating species and subspecies with characters of 

intermediate values that overlapped. 
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Multivariate analysis of variance 

I ran a one-way multivariate analysis of variance (MANOVA) with sex and age as the 

independent variables and the cranial measurements as the dependent variables. 304 samples (75 

Blarina brevicauda knoxjonesi, 146 B. b. talpoides, and 83 B. carolinensis carolinensis) of 

known sex and age with complete measurements were used in this analysis. Sex (163 females 

and 141 males) was not significant (p = 0.2609) as a single dependent variable, so both sexes 

were pooled for the future analyses.  

Combining the 4-part classification criteria (Table 2.2) resulted in 117 sub-adults, 151 adults 

and 36 old-adults in the analysis. Age was significant (p < 0.001) as a single dependent variable, 

but an analysis of variance done on each skull and mandible character only showed UTR (p = 

0.0113) and UCL (p < 0.001) as significant characters. Boxplots of age versus these toothrow 

variables and MdbTR (Figure 2.5) show a slightly lower median and mean for the old adults, but 

are very similar for the values in the sub-adult and adult age classes. These boxplots also show 

overlap between the measured characters across each age classes. As Blarina shrews age, the 

angle of their upper incisor changes, causing the UTR to decrease, and wear and loss of the 

unicuspids can decrease the UCL significantly. As toothrow characters decrease in Blarina, other 

characters, like MAB, CRB and CorHt, increase (Figure 2.6). Since multivariate analyses 

combine multiple measured skull and mandible characters, I combined all age classes for future 

analyses, but checked if the UTR and UCL were significant in multivariate analyses. Figure 2.1 

defines the abbreviations used for all the skull and mandible variables measured in this analysis. 
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Principal components analysis 

I performed a principal components analysis (PCA) on the Blarina skull data (n = 448) with a 

covariance matrix, which explains the variance of each measured variable. The scree plot (Figure 

2.7) showed that 2 principal components were appropriate to compare the total sample variance, 

and is a plot of the magnitude of an eigenvalue (i.e. measure of the amount of variation explained 

by the principal component) versus the principal component number (i.e. PC1, PC2, PC3, etc.). 

The scatter plot of the first two principal components separated Blarina brevicauda and B. 

carolinensis, but showed some overlap in B. b. knoxjonesi and B. b. talpoides (Figure 2.8). The 

first principal component (PC1) had an eigenvalue of 7.192. Since this value was greater than 1, 

it indicated that the principal component accounts for more variance than is explained by one of 

the original variables alone in standardized data. The second principal component (PC2) is 

calculated in the same way as the first, with the condition that it is uncorrelated with (i.e., 

perpendicular to) the first principal component and that it accounts for the next highest variance. 

PC2 has an eigenvalue of 0.182, and the third principal component (PC3) has an eigenvalue of 

0.059. PC1 explains 94.9% of the total sample variance, while PC2 explains 2.4%, and the first 

two principal components collectively explain 97.3% of the total sample variance. PC3 only 

explains 0.8% of the total sample variance, so adding this to the first two principal components 

results in 98.1% of the total sample variance explained by the collective sum. The eigenvalues 

and the percent of sample variance support the scree plot to show that only two principal 

components are needed to sufficiently explain the total sample variance.  

PC1 is a weighted sum of GRL, OPML, CRB and UTR as determined by their respective 

weighted eigenvector scores (i.e. weights of the original variables used to calculate the principal 
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component) of -0.608, -0.571, -0.313 and -0.305 respectively with the other variables being less 

of an influence. PC2 is a weighted difference primarily between the variables CRB and MAB, 

and the variables GRL and UTR with respective weights of -0.785, -0.382, 0.281 and 0.249. The 

correlation coefficients, which are the correlations of the original variables with the principal 

components, show a slightly different order of the variables. PC1 shows the most correlated 

variables are a weighted sum of GRL, OPML, UTR and MTL with correlation coefficients of -

0.995, -0.993, -0.972 and -0.950. PC2 has a weighted difference primarily between the variables 

CRB and MAB, and the variables UCL and UTR with the correlation coefficients as -0.369, -

0.301, 0.186 and 0.126. Table 2.6 summarizes the skull covariance matrix PCA and Figure 2.1 

defines the abbreviations used for all the skull and mandible variables measured in this analysis. 

I also examined the Blarina mandible data (n = 461) PCA with the covariance matrix. The 

scatter plot of the first two principal components from the mandible data (Figure 2.9) separated 

Blarina brevicauda and B. carolinensis with some overlap between the species, but showed more 

overlap in the subspecies than with the skull data. PC1, PC2 and PC3 had eigenvalues of 3.235, 

0.130 and 0.085 with a cumulative proportion of the sample variance explained as 0.9300, 

0.9674 and 0.9917 respectively. PC1was a weighted sum of GrLgt, MNL, MNH and CorHt (-

0.634, -0.515, -0.378 and -0.354), with the correlation coefficients weighted by GrLgt, MNH, 

CorHt and MNL (-0.984, -0.959, -0.956 and -0.952). PC2 was a weighted difference primarily 

between the MNL and the variables MNH and CorHt (0.776, -0.430 and -0.422). The correlation 

coefficients also showed a weighted difference between MNL and the variables CorHt, ARB and 

MNH (0.287, -0.228, -0.220 and -0.219). Table 2.7 summarizes the mandible covariance matrix 

PCA.  
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In addition, I performed a PCA with the covariance matrix with only Blarina brevicauda 

samples on both the skull (n = 297) and mandible (n = 306) data to investigate subspecies 

separation and measured characters used. There was no improvement in the separation of the 

subspecies in the scatter plot from the first two principal components. Furthermore, the weighted 

characters in both PC1 and PC2 were nearly identical to the PCA including both B. brevicauda 

and B. carolinensis. There were some differences, however, in the order of characters weighted 

to explain the variation in each principal component. 

 

Discriminant function analysis 

The linear discriminant function analysis histogram created from the skull characters separate 

Blarina brevicauda and B. carolinensis (Figure 2.10) with approximate group centroids of -3.0 

and 2.5 respectively. The histogram for B. b. knoxjonesi and B. b. talpoides (Figure 2.11) do not 

show a clear group subspecies separation with their overlapping distributions, but their group 

centroids of -1.1 and 1.1 suggest a slight separation. The skull species misclassification error rate 

of 0.0045 indicates that 99.55% of the species were classified correctly, while the skull 

subspecies had a higher misclassification error rate of 0.1852 indicating that only 81.48% of the 

subspecies were classified correctly. The error rate may also suggest that some specimens could 

be mislabeled. The ratio of between- and within-group standard deviations for the linear 

discriminant variables is 3251.456 for the species group, and 241.3292 for the subspecies group.   

Beyond the differences between the classification error and group comparison, the first 

discriminant function (i.e. LD1 ï the factor that separates the species or subspecies by contrasts 

of the measured variables) also has its differences (Table 2.8). The skull species comparison 

shows LD1 to be a contrast between the highest factor loadings of UTR (-2.492), MTL (1.782), 



 
 

30 
 

OPML (-1.417), IOB (-1.244) and MAB (1.206) with less emphasis on the UCL, GRL, CRH and 

CRB (-0.906, 0.621, -0.269 and -0.042 respectively). The skull subspecies comparison shows a 

factor loading contrast between the UTR (1.283), UCL (1.264), CRB (1.189), GRL (-0.797) and 

MAB (0.737) with less emphasis on MTL, OPML, IOB and CRH (0.511, 0.452, 0.192 and 0.060). 

Figure 2.1 defines the abbreviations used for all the skull and mandible variables measured in this 

analysis.  

 The mandible measurements showed a slightly higher percent for the species (99.57%) 

and the subspecies (83.33%) classified correctly when compared to the skull measurements 

(Table 2.9). The mandible species comparison had group centroids of -2.5 and 2.2 for B. 

brevicauda and B. carolinensis (Figure 2.12) with the ratio of between- and within-group 

standard deviations of 2434.129, and the subspecies comparison had group centroids of -0.8 and 

0.8 for B. b. knoxjonesi and B. b. talpoides (Figure 2.13) with a ratio of 259.4218. The mandible 

species factor loadings of LD1 contrasted GrLgt (-1.907), MdbTR (-1.742) and ARB (0.938) with 

less weight on CorHt, MNH and MNL (0.377, -0.106 and 0.101). The factor loadings for the 

mandible subspecies contrasted ARB (1.265), MNH (1.142) and MNL (0.741) with little emphasis 

on GrLgt, MdbTR and CorHt (0.379, -0.302 and 0.265). 

 

Classification tree analysis 

I performed a classification tree analysis on the Blarina skull (n = 448) and mandible (n = 

461) data using a Gini splitting index. Figure 2.14 shows all of the skulls identified as Blarina 

carolinensis carolinensis had a smaller occipital-premaxilla skull length (OPML < 19.735, as the 

first split or node, where all the skulls identified as B. brevicauda had a larger skull length 

(OPML Ó 19.735). The second split at node 3 used a cranial breadth measure (CRB < 11.805). 
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Node 5 split 65.1% of all the skulls identified as B. b. talpoides with a larger cranial breadth. 

This node also split 8 skulls (UNCW 483, 4401, 3682, 2610, 3595, 792, 11938 and 4975) 

identified as B. b. knoxjonesi with a larger cranial breadth. 55.2% of all remaining skulls 

identified as B. b. knoxjonesi have a more narrow maxillary breadth (MAB < 7.165), but there 

are also 11 skulls identified as B. b. talpoides with a narrow maxillary breadth at node 6. 

For the remainder of the skulls with a larger maxillary breadth, the main tree splits are OPML, 

MAB, OPML, UTR (upper tooth row) and CRH (cranial height). This resulted in 11 B. b. 

knoxjonesi and 39 B. b. talpoides specimens being grouped as the talpoides group to the right 

side of the tree, while 37 B. b. knoxjonesi and 10 B. b. talpoides specimens were grouped to the 

left as the knoxjonesi group (Figure 2.14). The skull classification analysis had a re-substitution 

error rate of 0.0893 or 91.07% classified correctly and a cross-validated error rate of 0.1674 or 

83.53% classified correctly. The error rate may also suggest that some specimens could be 

mislabeled. Table 2.10 summarizes each of the tree nodes in the skull classification analysis. 

The classification analysis performed on the mandible data showed nearly a perfect split of 

Blarina brevicauda and B. carolinensis (Figure 2.15). All of the mandibles identified as B. c. 

carolinensis had a shorter greatest length of mandible including the incisor (GrLgt < 13.18), but 

2 mandibles (UNCW 3596 and 0477) identified as B. b. knoxjonesi also had a short mandible 

length. The next split at node 3 showed 66.1% of all B. b. talpoides specimens with a taller 

coronoid process height (CorHt >6.095), but 3 specimens (UNCW 11938, 1480 and 11554) 

identified as B. b. knoxjonesi also grouped here. The last split at node 4 separated the remaining 

specimens with a length of mandible without the incisor (MNL < 12.94), where 88.7% of all B. 

b. knoxjonesi had a shorter mandible were classified as the knoxjonesi group. However, this 

small mandible size also grouped 33 specimens identified as B. b. talpoides. For the remaining 
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mandibles with a longer length (MNL Ó 12.94) at node 7, 11 specimens identified as B. b. 

knoxjonesi and 28 specimen identified as B. b. talpoides were classified as the talpoides group. 

The mandible classification analysis had a re-substitution error rate of 0.1063 or 89.37% 

classified correctly and a cross-validated error rate of 0.1280 or 87.20% classified correctly. 

Table 2.11 summarizes each of the tree nodes in the mandible classification analysis. 

See Appendix II for information about the specimens split in the classification analysis. 

Additional analyses that support the split of Blarina brevicauda and B. carolinensis and 

acknowledge the difficulty in splitting B. b. knoxjonesi from B. b. talpoides can be found in 

Appendix III. 

 

Georeferencing museum voucher specimens 

    All georeferenced specimens were placed on a geographic information system (GIS) map 

layer by M. B. Norton ï NCSM Database and GIS Manager. I had 1226 Blarina specimens 

georeferenced for the maps, comprising 584 from NCSM and 642 from UNCW. Of the total 

number examined, 169 (34 NCSM and 135 UNCW) specimens were identified as B. brevicauda 

knoxjonesi, 505 (210 NCSM and 295 UNCW) specimens were identified as B. b. talpoides, and 

552 (340 NCSM and 212 UNCW) specimens were identified as B. carolinensis carolinensis. 

     Based on the museum records from NCSM and UNCW, short-tailed shrews are present in all 

the Level III North Carolina ecoregions: Blue Ridge, Piedmont, Southeastern Plains and Middle 

Atlantic Coastal Plain (Figure 2.16). Blarina brevicauda talpoides occupies the Blue Ridge to 

the western extent of the Piedmont in western NC, and the northeast corner of the state in the 

Middle Atlantic Coastal Plain. B. b. knoxjonesi is found south of the Pamlico River in the Middle 

Atlantic Coastal Plain and Southeastern Plains within the Sandhills region. B. carolinensis 



 
 

33 
 

carolinensis does not occur in the Blue Ridge, but occurs through the remaining eastern 

ecoregions. In the southern portion of the Southeastern Plains and the Middle Atlantic Coastal 

Plain, there appears to be overlap between the two species. Only B. carolinensis carolinensis has 

been documented on the Outer Banks, but samples are very limited. 

     The species of Blarina were found in 87 of the 100 NC counties, excluding Anson, Bertie, 

Cherokee, Cleveland, Davidson, Green, Lenoir, Lincoln, Martin, Pamlico, Person, Warren and 

Yadkin. They undoubtedly exist in these counties but simply were not sampled (Figure 2.16). In 

the western counties, only Burke and Guilford County have both species present from museum 

records with no apparent overlap. In the eastern counties, 19 have both species present with most 

of the counties being found in the Middle Atlantic Coastal Plain. In Currituck, Camden, Chowan 

and Hertford Counties in the northeast corner of the state, the species show more overlap than 

appears in the Alligator River National Wildlife Refuge and Lake Mattamuskeet area in Dare and 

Hyde Counties. The other counties making up this peninsular region west of the Alligator River 

NWR only show the presence of the southern short-tailed shrew. For the eastern counties south 

of the Pamlico River, the species of Blarina appear to overlap more with some locations showing 

both species in close proximity. 

 

DISCUSSION 

 

Short-tailed shrews (genus Blarina) live in all the major ecoregions and, presumably, all the 

counties in North Carolina. In the western part of the state, the northern and southern short-tailed 

shrews (B. brevicauda and B. carolinensis) are parapatric in their distributions based on museum 

records. They separate roughly by the delineation between the Blue Ridge and Piedmont 
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ecoregions. In the Middle Atlantic Coastal Plain and the southern part of the Southeastern Plains, 

the two species of short-tailed shrews appear to have overlapping distributions in select areas. B. 

b. knoxjonesi was designated as a disjunct population of the northern short-tailed shrew in 

southeastern North Carolina but, recently collected specimens show that the distribution of the 

supspecies is not truly disjunct from that of B. b. talpoides in northeastern North Carolina. 

The goal of my research was to examine the current taxonomy of the short-tailed shrews of 

the genus Blarina in North Carolina with the aid of the phenetic species concept. The results of 

my morphological analyses on skulls and mandibles from short-tailed shrew specimens clearly 

separate Blarina brevicauda from B. carolinensis. The analyses comparing the subspecies B. b. 

knoxjonesi and B. b. talpoides show overlap in individual measurements (i.e. principal 

components analysis ï PCA and linear discriminant function analysis ï LDFA) that involve a 

combination of measurements. The branching in the classification tree analysis equally had 

overlap between the óknoxjonesiô and ótalpoidesô classification names and the variables and 

measurements used to split them. Although the skull characters of UTR and UCL (upper 

toothrow and unicuspid length) showed a significant variation with age, UTR was not weighted 

heavily in the PCA or the classification tree, but UTR was heavily weighted in the LDFA species 

split and UTR and UCL was heavily weighted with the LDFA subspecies split. The combination 

of these tooth row characters with other skull characters, however, did not change the overall 

interpretation of the multivariate analyses. Therefore, I propose that Blarina brevicauda 

knoxjonesi should be synonymized with B. b. talpoides, and that B. b. knoxjonesi does not 

represent a distinct morphological subspecies. 

In the systematic revision of the northern short-tailed shrew (Blarina brevicauda), Webster et 

al. (2011) used operational taxonomic units (OTUs) that combined a sample of specimens for a 
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particular geographic region. The OTUs have the advantage of comparing variation across a 

large geographic spatial area. The disadvantage of OTUs is that if small, continuous variation 

exists, the average value of a trait or traits may show a difference when one does not exist across 

a localized spatial area. Webster et al. (2011) also considered samples that showed ñabrupt 

changes in size or morphological features between populations of B. brevicaudaò to ñindicate 

evolutionary significance and to warrant taxonomic recognitionò. The classification tree analysis 

shows a gradual change when you look closer at the locations of the samples split as detailed in 

Appendix II.  

As with most of the multivariate analyses, Blarina brevicauda and B. carolinensis split almost 

perfectly. B. c. carolinensis continues north from North Carolina to south-central Virginia and 

south into Florida (Bennedict et al., 2006; Genoways and Choate; 1998; McCay, 2001; Webster, 

1985). The largest skulls of B. carolinensis in North Carolina are generally in the Coastal Plain 

ecoregion and near the center of their range in the state, while the smaller skulls of B. 

carolinensis tend to be at edges of their range in the state. NCSM 16800 is from Morganton in 

Burke County and represents a county record and the western-most specimen in North Carolina.  

This is an old adult male with extensive tooth wear and dental abnormalities, but is smaller than 

most specimens toward the center of the stateôs distribution. The location of this individual was 

within the Piedmont ñpeninsulaò created by the Blue Ridge ecoregion around the area (Figure 

2.16). 

The subspecies B. b. knoxjonesi and B. b. talpoides have a fair amount of overlap in the size 

of the skulls. With the skull data, the specimens identified as B. b. talpoides that split in the 

classification tree analysis with the ótalpoidesô group were mostly from the Blue Ridge ecoregion 

at the highest elevation for the largest skulls, and in the NE Coastal Plain for the smallest skulls. 
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Other small skulls that grouped with ótalpoidesô group were found near the eastern edge of the 

Blue Ridge and the Alligator River National Wildlife Refuge region north of the Pamlico River. 

The specimens identified as B. b. knoxjonesi that also were in the ótalpoidesô group were 

primarily near the center of the Southeastern and Coastal Plain ecoregion north of the Cape Fear 

River. The largest specimens identified as B. b. knoxjonesi that were in the óknoxjonesiô group 

were also near the center of the known subspecies distribution. 

 

What can account for this difference in size?  

Population densities are often greatest at the core of a distribution and, thus, factors like 

competition, environmental interactions, resource partitioning, life history and demographics 

influence dispersal (Brown, 1984; Brown et al., 1996). This can cause the larger, and more fit, 

individuals to be found at the core of a distribution. Inter- and intraspecific competition also 

affects where shrew species exist.  Competition appears to have led to partitioning of habitat and 

food sources among the shrew species, creating differences in niche size and shape (Churchfield, 

1991; Kirkland, 1991; Brannon, 2000).  Fox and Kirkland (1992) demonstrated that soricid 

functional groups are defined by their body size, and that the largest body size yields a 

competitive advantage for the highest quality food. If more than one species exists in the same 

time and space, there must be a way to reduce this competition.  Kirkland (1991) found that five 

or more shrew species existed in some areas. These shrew assemblages vary with latitude and 

environmental moisture (Berman et al., 2007), elevation and forest type (Ford et al., 2005) or diet 

and vertical foraging mode (McCay et al., 2004).  Therefore, these factors allow shrew species to 

coexist by partitioning habitat and resources.  
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 Generally, body size increases with latitude for most vertebrates (McNab, 1971). This 

rule is called Bergmannôs rule. This rule does not apply to many mammal species due to factors 

like temperature, range in elevation, precipitation and land cover (Blackburn and Hawkins, 2004; 

McNab, 1971). At low latitude, sizes of some mammal species can be large where temperature is 

low, where elevation is high, or where annual precipitation is high. The largest skulls in my 

analysis were from the highest elevations in North Carolina, where temperatures get the coldest 

and land cover is continuous forest.  

 Geology and climate may also have an important impact on the coexistence of B. brevicauda 

and B. carolinensis in eastern North Carolina. The dunes and Carolina Bays may have resources 

that may allow the two species of shrews to coexist (Soller, 1988). These physical features 

present relatively dry upland areas to be adjacent to wet regions (Webster, 1996). The eastern 

coast of North Carolina has higher annual precipitation, especially in July through September, 

than the rest of the state, creating moist soil moisture 

(http://climate.ncsu.edu/climate/monthlyprecip.html). These two factors can partition both the 

land and resources to promote coexistence of the two Blarina species. 

 

Potential issues with georeferencing 

 Species distribution modelling is used increasingly in both applied and theoretical 

research to predict how species are distributed and to understand environmental requirements 

affecting them. With this modelling, species occurrence data are combined with spatial data to 

predict suitability of any location for that species. While data sharing initiatives (i.e. VertNet, 

IDigBio and GBIF) involving speciesô occurrences have increased over the past few years, 

http://climate.ncsu.edu/climate/monthlyprecip.html
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various data quality and methodological concerns, related to using these data for species 

distribution modelling, have not been addressed adequately (Graham et al., 2008). 

 Georeferencing museum voucher specimens is only as good as the data provided by the 

collector. Using locality coordinates whose GPS precision or uncertainty is at the county level 

may not give enough detail for habitat modeling. Coordinates derived from a cell phone usually 

have greater error than coordinates derived from most GPS units, but still offer adequate 

precision for many applications (Zandbergen, 2009, Zandbergen and Barbeau, 2011). Changes in 

best practices for georeferencing museum bio-collections are continually improving the standard 

and quantity of localities that can be georeferenced in a batch (Chapman and Wieczorek, 2006; 

Rios and Bart, 2010; Wieczorek et al., 2004). These improvements will continue to make 

collection specimens more valuable. The latitude and longitude data for recent specimens in the 

NCSM and UNCW mammal collections represent the best practices coordinates with the given 

data. The point radius uncertainty for the coordinates of these samples reflect a measurement 

error that was the best practice from when it was determined, but does not reflect a maximum 

error distance that adds additional uncertainties (Wieczorek and Wieczorek, 2015). 
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Table 2.1: List of data recorded from museum records for each specimen examined from North 

Carolina. 

 

 

 

Data Description 

Museum       

Acronym 

University of North Carolina at Wilmington (UNCW) or North Carolina 

Museum of Natural Sciences (NCSM) 

Museum Number 
Museum number associated with respective museum acronym (e.g. 

NCSM 18) 

Genus Blarina 

Species brevicauda or carolinensis 

subspecies talpoides, knoxjonesi or carolinensis 

Sex M = male or F = female 

Reproduction Testes (length x width) or female reproductive status 

State NC = North Carolina  

County county within state (e.g. Wake County) 

Locality major or minor town within county (e.g. Raleigh) 

Latitude 

Decimal degrees from World Geodetic System 1984 (WGS84) derived  

from verbal locality information in DeLorme topographical software 

(e.g. 35.780102) 

Longitude 
Decimal degrees from WGS84 derived  from verbal locality information 

in DeLorme topographical software (e.g. -78.638820) 

Elevation Elevation in meters for given coordinates (e.g. 109 meters) 

Confidence Point radius uncertainty for locality (e.g. 25470 meters) 

Date Date specimen was collected (e.g. 23 June 1975) 

Collector Full name, or portion indicated with voucher specimen data 

Field Number Other number and acronym associated with specimen 

Total Length      TL = Total length ï distance from tip of nose to the end of the tail 

Tail Vertebrae 
TV = Tail vertebrae ï distance from the sacral/caudal vertebrae junction 

to the last caudal vertebrae 

Hind Foot 
HF = Hind foot ï greatest distance from calcaneus to the distal phalange 

excluding the nail 

Ear E = Ear length ï greatest distance from ear attachment to tip of pinna 

Weight Wt = Weight ï measured in grams for specimen prior to preparation 

Nature of     

Specimen 

Nat_of_spec = material collected and retained in collection:  SS = skin 

and skull, SO - skin only, SK = skull only, SN = skull and skeleton 
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Table 2.2: Age classification criteria for each short-tailed shrew skull examined. Every skull was 

characterized by the amount of: tooth wear evident, upper incisor root exposure, cranial suture 

closure, and crest pronounced. Qualitative characteristics were recorded at the time of skull 

examination, and converted to a quantitative scale with a detailed description indicated below. 

Each of the 4 observations were combined  to determine the age class where: 4-9 = subadult, 10-

19 = adult, 20-23 = old adult. 

 

 

 
Qualitative 

characteristic 

 

Quantitative 

conversion 

Detailed description of aging criteria based on each respective 

qualitative characteristic 

Tooth wear evident ï especially in skull, unicuspids are first 5 teeth after incisor, followed by molariforms 

Little to no 1 perfect points evident on all teeth especially to unicuspids 

Little  2 almost all teeth have perfect points, little flattening to first 2 unicuspids 

Little to some 3 some wear evident to first 2 unicuspids, some wear noted on 3rd and 4th 

unicuspids Some 4 some rounding to tips of all unicuspids, very little wear noted on incisor and 

molariform teeth 
Some to moderate 5 some to a medium level of roundness to unicuspid tips, little wear noted on 

incisor and molariform teeth 
Moderate 6 medium wear to tips of incisors with evidence to incisors and molariform 

teeth Moderate to 

excessive 

7 relative flattening to cusps of all teeth 

Excessive 8 excessive flattening and wear evident on all teeth especially molariform 

teeth 
Upper incisor root exposure ï upper incisor will change angle with wear resulting in tooth root being visible 

Little to no 1 no root evident  

Little  2 little root of upper incisor visible 

Little to some 3 little to some root evident ï no change in angle of incisor 

Some 4 some root evident ï little change in angle of incisor 

Some to moderate 5 some root evident ï some change in angle of incisor 

Moderate 6 noticeable root evident ï change in angle of incisor  

Moderate to 

excessive 

7 noticeable to large amount of root evident ï close to vertical angle of 

incisor 
Excessive 8 large amount of root evident ï almost complete vertical angle of incisor 

Cranial suture closure ï looking at suture between parietal bones and parietal-occipital suture 

open 1 cranial sutures almost completely open, little cartilage evident and 

parietal/occipital bones very thin/translucent 
< 1/2 closed 2 cranial sutures mostly open with excessive cartilage evident 

>1/2 closed 3 cranial sutures mostly closed with some cartilage evident 

closed with 

cartilage evident 

4 cranial sutures completely closed with very little cartilage evident 

fused (no cartilage 

evident) 

5 cranial sutures completely fused with no signs of cartilage, parietal/occipital 

bones opaque 

Crest pronounced - sagittal crest (parietal-parietal suture) and nuchal crest (parietal-occipital suture)  

not pronounced 1 no rise in sagittal crest, or nuchal crest  

lightly pronounced 2 slight rise to sagittal crest, no rise in nuchal crest  

pronounced 3 rise to sagittal crest, and slight rise to nuchal crest  

excessively 

pronounced 

4 rise to sagittal crest, and rise to nuchal crest  
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Table 2.3: List of confidence intervals used for georeferenced specimens, and point radius 

conversion. The latitude and longitude are in the center of the interval, and the confidence shape 

(circular or linear) is determined by the written locality associated with the museum voucher 

specimens. The contents were taken from the Scale of Relative Certainty (with slight 

modification) which was written by Dr. Eric H. Metzler and published in the Association of 

Systematics Collections October 1994/ vol. 22 no. 5 newsletter. 

 

 

 

Confidence 

Code 

Description  Point radius (meters) 

S0 Location known to be within a circle 200 foot 

 in diameter 

 30.48 

S1 Location known to be within a circle 0.25 mile in 

diameter 

 201.168 

S2 Location known to be within a circle 0.5 mile in 

diameter 

 402.336 

S3 Location known to be within a circle 1 mile in 

diameter 

 804.672 

S4 Location known to be within a circle 2 miles in 

diameter 

 1609.34 

S5 Location known to be within a circle 5 miles in 

diameter 

 4023.36 

S6 Location known to be within a circle 15 miles in 

diameter 

 12070.1 

S7 Location known to be within county or marine area 

50 miles in diameter 

 40233.6 

S8 Location known to be within ½ of the state or 

marine area 100 miles in diameter 

 80467.2 

S9 Location known to be within the state or marine are 

500 miles in diameter 

 402336 

S10 Location unknown    

L0 Precise location known   

L1 The linear site is known to be no more than 0.5 mile 

long 

 402.336 

L2 The linear site is known to be no more than 1 mile 

long 

 804.672 

L3 The linear site is known to be no more than 2 miles 

long 

 1609.34 

L4 The linear site is known to be no more than 6 miles 

long 

 4828.03 

L5 The linear site is known to be no more than 25 

miles long 

 20116.8 

L6 The linear site does not exceed a distance equal to 

½ the state 

 40233.6 

L7 The linear site does not exceed a distance equal to 

diameter of the state 
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Table 2.4: Descriptive statistics of measurements from museum specimens between species of 

short-tailed shrews (Blarina brevicauda and B. carolinensis) in North Carolina. Description of 

external measurement data provided in Table 1.1, and description of cranial measurement data 

provided in Figure 1.4. For each character measurement, the mean, standard deviation, and the 

minimum and maximum range in parentheses are provided. A Welch two sample t-test compared 

the means and a F-test compared the variances for the measured characters with the p-values 

provided. 

 

 

 
 Blarina 

brevicauda 

Blarina 

carolinensis 

Comparison of Means Comparison of Variance 

 n = 328 n = 163 t statistic p-value F statistic p-value 

TL 110.8  ±  8.58 

(83 ï 145) 

92.6  ±  6.25 

(78 ï 112) 

23.6654 < 2.2e-16 1.8831 9.13e-05 

TV 21.61  ±  3.09 

(10 ï 30) 

16.76  ±  2.67 

(10 ï 23) 

15.8955 < 2.2e-16 1.3351 0.06831 

HF 14.04  ±  1.70 

(7 ï 20) 

11.16  ±  0.81 

(10 ï 13) 

22.7617 < 2.2e-16 4.4361 < 2.2e-16 

E 3.758  ±  1.84 

(1 ï 8) 

1.846  ±  1.41 

(1 ï 6) 

3.7911 0.0007112 1.7104 0.3238 

Wt 13.88  ±  4.04  

(4.8 ï 27) 

8.417  ±  1.74 

(4.5 ï 14) 

14.9646 < 2.2e-16 5.3926 2.22e-15 

GRL 22.69  ±  0.73 

(20.63 ï 24.51) 

19.54  ±  0.45 

(18.31 ï 20.73) 

57.5649 < 2.2e-16 2.5618 2.351e-10 

OPML 21.7  ±  0.69  

(19.77 ï 23.55) 

18.71  ±  0.45 

(17.67 ï 19.7) 

56.2325 < 2.2e-16 2.3144 1.129e-08 

MAB 7.417  ±  0.39 

(6.46 ï 8.49) 

6.528  ±  0.25 

(5.84 ï 7.24) 

30.2713 < 2.2e-16 2.3886 2.375e-09 

IOB 5.827  ±  0.24 

(5.18 ï 6.47) 

5.112  ±  0.17 

(4.76 ï 5.53) 

37.8022 < 2.2e-16 2.0125 1.288e-06 

CRB 11.67  ±  0.61 

(10.06 ï 13.17) 

10.13  ±  0.35  

(9.1 ï 10.95) 

35.0516 < 2.2e-16 3.066 9.637e-14 

CRH 6.94  ±  0.33  

(5.94 ï 7.83) 

6.09  ±  0.22  

(5.46 ï 6.64) 

33.4434 < 2.2e-16 2.2889 1.811e-08 

UTR 10.33  ±  0.37 

(9.16 ï 11.25) 

8.707  ±  0.25 

(7.98 ï 9.28) 

56.4573 < 2.2e-16 2.0977 2.927e-07 

MTL 5.944  ±  0.22 

(5.12 ï 6.5) 

5.203  ±  0.16 

(4.78 ï 5.58) 

42.2733 < 2.2e-16 1.9744 2.239e-06 

UCL 2.924  ±  0.18  

(2.5 ï 3.47) 

2.309  ±  0.15 

(1.89 ï 2.66) 

39.76 < 2.2e-16 1.4482 0.008652 

GrLgt 14.55  ±  0.54 

(12.85 ï  15.97) 

12.32  ±  0.34 

(11.33 ï 13.04) 

54.4597 < 2.2e-16 2.564 3.091e-10 

MNL 12.66  ±  0.63 

(11.24 ï 14.75) 

10.97  ±  0.39 

(9.97 ï 11.77) 

35.5515 < 2.2e-16 2.6457 8.685e-11 

MNH 6.49  ±  0.48  

(5.52 ï 7.72) 

5.267  ±  0.19  

(4.8 ï 5.67) 

39.1241 < 2.2e-16 6.7508 < 2.2e-16 

ARB 2.352  ± 0.19  

(1.9 ï 2.91) 

1.988  ± 0.11 

(1.72 ï 2.22) 

26.2167 < 2.2e-16 3.2804 6.661e-15 

CorHt 6.027  ± 0.46 

(5.17 ï 7.45) 

4.882  ± 0.17 

(4.41 ï 5.24) 

38.7004 < 2.2e-16 7.6057 < 2.2e-16 

MdbTR 6.441  ± 0.21   

(5.7 ï 7.06) 

5.623  ± 0.15 

(5.28 ï 6.05) 

47.4088 < 2.2e-16 1.9403 6.134e-06 
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Table 2.5: Descriptive statistics of measurements from museum specimens between subspecies 

of northern short-tailed shrews (Blarina brevicauda knoxjonesi and B. b. talpoides) in North 

Carolina. Description of external measurement data provided in Table 1.1, and description of 

cranial measurement data provided in Figure 1.4. For each character measurement, the mean, 

standard deviation, and the minimum and maximum range in parentheses are provided. A Welch 

two sample t-test compared the means and a F-test compared the variances for the measured 

characters with the p-values provided. 

 

 

 
 Blarina 

brevicauda 

knoxjonesi 

Blarina 

brevicauda 

talpoides 

Comparison of Means Comparison of Variance 

 n = 131 n = 197 t statistic p-value F statistic p-value 

TL 107.1  ±  8.22  

(83 ï 145) 

113.1  ±   7.97  

(89 ï 131) 

-5.9243 1.233e-08 1.0631 0.7217 

TV 21.13  ±  2.77  

(15 ï 29) 

21.91  ±  3.25  

(10 ï 30) 

-2.0997 0.03679 0.7288 0.08361 

HF 13.78  ±  1.49  

(9 ï 19) 

14.2  ±  1.81  

(7 ï 20) 

-2.0879 0.03784 0.6764 0.03308 

E 3.5  ±  2 

(2 ï 8) 

3.84  ±  1.82  

(1 ï 7) 

-0.4276 0.6772 1.2097 0.6709 

Wt 12.29  ±  3.69 

(4.8 ï 20.1) 

15.2  ±  3.85  

(6.4 ï 27.0) 

-4.958 1.803e-06 0.9199 0.7138 

GRL 22.26  ±  0.60 

(20.63 ï 23.64) 

22.99  ±  0.65 

(20.93 ï 24.51) 

-10.2719 < 2.2e-16 0.8371 0.2832 

OPML 21.28  ±  0.62 

(19.77 ï 22.59) 

22.0  ±  0.57 

(20.14 ï 23.55) 

-10.5136 < 2.2e-16 1.2008 0.2559 

MAB 7.144  ±  0.28 

(6.49 ï 7.93) 

7.604  ±  0.34 

(6.46 ï 8.49) 

-13.1961 < 2.2e-16 0.722 0.04784 

IOB 5.693  ±  0.21 

(5.18 ï 6.09) 

5.92  ±  0.22 

(5.37 ï 6.47) 

-9.4113 < 2.2e-16 0.93 0.6621 

CRB 11.24  ±  0.46 

(10.06 ï 12.27) 

11.97  ±  0.51 

(10.13 ï 13.17) 

-13.2923 < 2.2e-16 0.8247 0.2438 

CRH 6.775  ±  0.29 

(5.94 ï 7.50) 

7.055  ±  0.30 

(6.11 ï 7.83) 

-8.217 7.595e-15 0.9213 0.6227 

UTR 10.11 ±  0.30 

(9.16 ï 10.99) 

10.48  ±  0.33 

(9.5 ï 11.25) 

-10.4621 < 2.2e-16 0.7913 0.1543 

MTL 5.809  ±  0.20 

(5.12 ï 6.30) 

6.036  ±  0.18 

(5.51 ï 6.5) 

-10.2548 < 2.2e-16 1.1885 0.2783 

UCL 2.857  ±  0.14 

(2.52 ï 3.21) 

2.969  ±  0.19 

(2.5 ï 3.47) 

-6.104 3.018e-09 0.5415 0.0002268 

GrLgt 14.17  ±  0.42 

(12.85 ï 15.01) 

14.81  ±  0.45 

(13.45 ï 15.97) 

-12.8722 < 2.2e-16 0.857 0.3574 

MNL 12.24  ±  0.52 

(11.24 ï 13.50) 

12.95  ±  0.53 

(11.59 ï 14.75) 

-11.7229 < 2.2e-16 0.9713 0.8676 

MNH 6.122  ±  0.26 

(5.52 ï 6.71) 

6.748  ±  0.43 

(5.64 ï 7.72) 

-15.7994 < 2.2e-16 0.3719 1.136e-08 

ARB 2.22  ±  0.13 

(1.9 ï 2.51) 

2.445  ±  0.17 

(1.99 ï 2.91) 

-12.993 < 2.2e-16 0.5698 0.0008975 

CorHt 5.678  ±  0.23 

(5.17 ï 6.30) 

6.271  ±  0.43 

(5.37 ï 7.45) 

-15.7743 < 2.2e-16 0.2852 1.065e-12 

MdbTR 6.333  ±  0.20 

(5.70 ï 7.06) 

6.516  ±  0.19 

(6.09 ï 6.98) 

-8.0689 2.784e-14 1.172 0.3295 
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Table 2.6: Principal components analysis table using the covariance matrix of the Blarina  

skull data (n = 448) showing what factors contribute to each principal component explaining the 

sample variation. The variables are the skull characters (Figure 1.4) measured, while the 

eigenvectors (e^_1) and correlation coefficients (ry^1) give the relative weight each variable 

contributes. The variance (lambda ï ɚi) is an eigenvalue that is the measure of the amount of the 

variation explained by the principal component.  Each principal component accounts for a 

smaller proportion of the total sample variation, but when combined, the first three principal 

components account for most of the total sample variation.  

 

 

 

 Principal Component 1  Principal Component 2  Principal Component 3  

Variable e^_1 ry^1  e^_2 ry^2  e^_3 ry^3  

GRL -0.6081996 -0.9954447 0.28116321 0.07315567 -0.012914768 -0.001912321 

OPML  -0.5709861 -0.9933669 0.16148701 0.04466222 0.565968491 0.089079896 

MAB  -0.1815011 -0.9000182 -0.38221556 -0.30129985 -0.332204653 -0.149032506 

IOB -0.1375705 -0.9137035 -0.13792909 -0.14563116 -0.099930963 -0.060045886 

CRB -0.3125942 -0.9232915 -0.78497008 -0.36857808 -0.003747593 -0.001001414 

CRH -0.1664465 -0.8926916 -0.16801498 -0.14324958 0.12250895 0.059442615 

UTR -0.3052743 -0.9719565 0.2493131 0.12618864 -0.625687557 -0.180225987 

MTL  -0.143558 -0.9498013 0.03901157 0.04103148 -0.238136027 -0.142538979 

UCL -0.1139252 -0.9058453 0.14720746 0.18607265 -0.309758896 -0.222823636 

Variance (ɚi) 7.191833631  0.181750951  0.058863514  

ҫ % of Total 

Variance 
0.949  0.024  0.0078  

ң % of Total 

Variance 
0.949  0.973  0.9808  
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Table 2.7: Principal components analysis table using the covariance matrix of the Blarina  

mandible data (n = 461) showing what factors contribute to each principal component explaining 

the sample variation. The variables are the mandible characters (Figure 1.4) measured, while the 

eigenvectors (e^_1) and correlation coefficients (ry^1) give the relative weight each variable 

contributes. The variance (lambda ï ɚi) is an eigenvalue that is the measure of the amount of the 

variation explained by the principal component.  Each principal component accounts for a 

smaller proportion of the total sample variation, but when combined, the first three principal 

components account for most of the total sample variation. 

 

 

 

 Principal Component 1  Principal Component 2 Principal Component 3 

Variable e^_1 ry^1  e^_2 ry^2  e^_3 ry^3  

GrLgt  -0.63385 -0.98445 -0.114244388 -0.03558 0.666212 0.16734 

MNL  -0.51539 -0.95165 0.776334136 0.287464 -0.36248 -0.10825 

MNH  -0.37717 -0.95927 -0.430006963 -0.21931 -0.39281 -0.16157 

ARB -0.11632 -0.87157 -0.14620436 -0.21969 -0.17897 -0.21687 

CorHt  -0.35404 -0.95593 -0.421850626 -0.22842 -0.38239 -0.16698 

MdbTR  -0.22688 -0.94307 0.003724787 0.003105 0.30367 0.20414 

Variance (ɚi) 3.235202  0.130101955  0.084618  

ҫ % of Total 

Variance 
0.9300  0.0374  0.0243  

ң % of Total 

Variance 
0.9300  0.9674  0.9917  
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Table 2.8: Character loadings for the skull measurements on the first coefficient of linear 

discriminants for short-tailed shrews in North Carolina. The variables in the left hand column are 

the skull characters measured (Figure 1.4), which is followed by a species comparison of Blarina 

brevicauda (Blbr) and B. carolinensis (Blca), and a subspecies comparison of B. b. knoxjonesi 

and B. b. talpoides.  A comparison of the misclassification error rates, percent of specimens 

classified correctly and the ratio of between- and within-group standard deviations for the linear 

discriminant variables are also provided.  

 

 

 

 Between species  Between Blbr subspecies 

 Blbr (n=297) and 

Blca (n=151) 

  knoxjonesi (n=125) and 

talpoides (n=172) 

Variable LD1 

Factor 

importance 

 

LD1 

Factor 

importance 

GRL 0.62117339 7  -0.7969931 4 

OPML -1.41746699 3  0.45245974 7 

MAB 1.20602585 5  0.73710139 5 

IOB -1.24350704 4  0.19236811 8 

CRB -0.04199313 9  1.18936612 3 

CRH -0.26935501 8  0.05970473 9 

UTR -2.49172784 1  1.2827919 1 

MTL 1.7819057 2  0.51086301 6 

UCL -0.90606576 6  1.26408903 2 

      

Misclassification 

Error Rate 
0.004464286   0.1851852  

% Classified 

Correctly 
99.55357   81.48148  

Between/Within 

Group 
3251.456   241.3292  
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Table 2.9: Character loadings for the mandible measurements on the first coefficient of linear 

discriminants for short-tailed shrews in North Carolina. The variables in the left hand column are 

the mandibular characters measured (Figure 1.4), which is followed by a species comparison of 

Blarina brevicauda (Blbr) and B. carolinensis (Blca), and a subspecies comparison of B. b. 

knoxjonesi and B. b. talpoides.  A comparison of the misclassification error rates, percent of 

specimens classified correctly and the ratio of between- and within-group standard deviations for 

the linear discriminant variables are also provided. 

 

 

 

 Between species  Between Blbr subspecies 

 Blbr (n=306) and 

Blca (n=155) 

  knoxjonesi (n=126) and 

talpoides (n=180) 

Variable LD1 

Factor 

importance 

 

LD1 

Factor 

importance 

GrLgt -1.9073451 1  0.3789902 4 

MNL 0.1005763 6  0.7408481 3 

MNH -0.1062194 5  1.1420423 2 

ARB 0.9377071 3  1.2651959 1 

CorHt 0.377029 4  0.2647015 6 

MdbTR -1.7423685 2  -0.30235 5 

      

Misclassification 

Error Rate 
0.004338395   0.1666667  

% Classified 

Correctly 
99.56616   83.33333  

Between/Within 

Group 
2434.129   259.4218  
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Table 2.10: Classification tree table with Gini splitting index from Blarina skull data (n = 448) 

showing what factors best split the data into subpecies classes. The subspecies of the southern 

short-tailed shrew (Blarina carolinensis carolinensis ï Blcaca) and the northern short-tailed 

shrew (B. brevicauda knoxjonesi ï Blbrkn and B. b. talpoides ï Blbrta) represent the classes used 

while measured cranial characters (Figure 1.4) determine the primary split in the tree. Relative 

error (rel error), apparent error (x error) and apparent standard deviation (x std) are given for 

each complexity parameter to compute two measures of predictive performance using the root 

node error. 

 

 

 
Tree 

Node 

# 

Blca 

ca 

Blbr 

kn 

Blbr 

ta 

Total 

at 

Node 

Proportion 

at Node 

(Total / 

448) 

Complexity 

Parameter 

CP = (Ŭ) 

Expected 

Loss = # of 

other 

classes / 

total at 

node 

Predicted 

Class 

Primary 

Split 

Improvements 

= Gain = 

impurity 

reduction 

1 151 125 172 448 1.0000 0.5471 0.6161 talpoides 
OPML < 

19.735 
151.4108 

2 151 0 0 151 0.3371  0.0000 carolinensis   

3 0 125 172 297 0.6629 0.2065 0.4209 talpoides 
CRB < 
11.805 

50.5258 

4 0 117 60 177 0.3951 0.0199 0.3390 knoxjonesi 
MAB < 
7.165 

11.8522 

5 0 8 112 120 0.2679  0.0667 talpoides   

6 0 69 11 80 0.1786  0.1375 knoxjonesi   

7 0 48 49 97 0.2165 0.0199 0.4948 talpoides 
OPML < 

21.98 
3.8201 

8 0 44 34 78 0.1741 0.0199 0.4359 knoxjonesi 
MAB < 

7.565 
3.4375 

9 0 4 15 19 0.0424  0.2105 talpoides   

10 0 43 27 70 0.1563 0.0133 0.3857 knoxjonesi 
OPML < 
21.885 

3.0446 

11 0 1 7 8 0.0179  0.1250 talpoides   

12 0 12 1 13 0.0290  0.0769 knoxjonesi   

13 0 31 26 57 0.1272 0.0133 0.4561 knoxjonesi 
UTR < 

10.035 
2.5474 

14 0 10 2 12 0.0268  0.1667 knoxjonesi   

15 0 21 24 45 0.1004 0.0133 0.4667 talpoides 
CRH < 

6.835 
3.9850 

16 0 15 7 22 0.0491  0.3182 knoxjonesi   

17 0 6 17 23 0.0513  0.2609 talpoides   

      CP rel error  x error  x std  

      0.5417 1 1 0.0373  

      0.2065 0.4529 0.4565 0.0345  

      0.0199 0.2464 0.2935 0.0295  

      0.0133 0.1848 0.2971 0.0297  

      0.0100 0.1449 0.2717 0.0286  

Root Node Error = 276/448 = 0.6161  

Re-substitution Error Rate  = 0.6161 * 0. 1449 = 0.0893 or 8.9% misclassified  

Cross-validated Error Rate = 0.6161 * 0.2717 = 0.1674 or 16.7% misclassified  
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Table 2.11: Classification tree table with Gini splitting index from Blarina mandible data (n = 

461) showing what factors best split the data into subpecies classes. The subspecies of the 

southern short-tailed shrew (Blarina carolinensis carolinensis ï Blcaca) and the northern short-

tailed shrew (B. brevicauda knoxjonesi ï Blbrkn and B. b. talpoides ï Blbrta) represent the 

classes used while measured cranial characters (Figure 1.4) determine the primary split in the 

tree. Relative error (rel error), apparent error (x error) and apparent standard deviation (x std) are 

given for each complexity parameter to compute two measures of predictive performance using 

the root node error. 

 

 

 
Tree 

Node 

# 

Blca 

ca 

Blbr 

kn 

Blbr 

ta 

Total 

at 

Node 

Proportion 

at Node 

(Total / 

461) 

Complexity 

Parameter 

(CP = Ŭ) 

Expected 

Loss = # of 

other 

classes / 

total at 

node 

Predicted 

Class 

Primary 

Split 

Improvements 

= Gain = 

impurity 

reduction 

1 155 126 180 461 1.0000 0.5516 0.6095 talpoides 
GrLgt < 

13.185 
153.3737  

2 155 2 0 157 0.3406  0.0127 carolinensis   

3 0 124 180 304 0.6594 0.2135 0.4079 talpoides 
CorHt < 
6.095 

59.8798  

4 0 121 61 182 0.3948 0.0605 0.3352 knoxjonesi 
MNL < 
12.94 

14.5458  

5 0 3 119 122 0.2646  0.0246 talpoides   

6 0 110 33 143 0.3102  0.2308 knoxjonesi   

7 0 11 28 39 0.0846  0.2821 talpoides   

      CP rel error  x error  x std  

      0.5516 1.0000 1.0000 0.0373  

      0.2135 0.4484 0.4520 0.0341  

      0.0605 0.2349 0.2598 0.0279  

      0.0100 0.1744 0.2100 0.0255  

Root Node Error = 281/461 = 0.6095   

Re-substitution Error Rate  = 0.6095 * 0. 1744 = 0.1063 or 10.6% misclassified   

Cross-validated Error Rate = 0.6095 * 0.2100 = 0.1280 or 12.8% misclassified   
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Figure 2.1: Description of the skull and mandible characters measured for each Blarina museum 

specimen sampled. Character descriptions: GRL = greatest skull length (includes incisor); OPML 

= occipital-premaxilla length (length minus incisor); MAB = maxillary breadth; IOB = 

interorbital breadth; CRB = cranial breadth; CRH = cranial height; UTR = upper toothrow 

(includes upper incisor); MTL = length of molariform toothrow (P4-M3); UCL = unicuspid 

toothrow length; GrtLt = greatest length of mandible with incisor; MNL = length of mandible 

without incisor; MNH = height of mandible; CorHt = coronoid process height; ARB = articular 

breadth; MdbTr = mandibular toothrow. Dorsal, ventral and lateral view of cranium and lateral 

view of lower jaw of Blarina brevicauda (NCSM 14408 male and NCSM 14409 female; NC, 

Polk County, Saluda, Green River Game Land). Drawn by L. Bradford. Layout by B. W. Wynne. 
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a. County only: Lat/Long taken at geographic center of Lee County NC. Point radius  

uncertainty is greatest extent of county. 

 

 
 

b. City, town or locale: Lat/Long taken at population center of Raleigh. Point radius  

uncertainty is greatest extent of locale. 

 

 

 

Figure 2.2: Examples of point used for latitude and longitude coordinates, and confidence of 

localities using the mapping software Topo North America version 10.0 (DeLorme, 2013). 

Examples are: a. county only; b. city, town or locale; c. stream, creek or branch; d. road distance; 

and e. GPS points.    

 


