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ABSTRACT

SYSTEMATICS OF LOCALLY ENDEMIC POPULATIONS OF SHORT-TAILED
SHREWS, BLARINA (INSECTIVORA: SORICIDAE), IN BASTROP
AND ARANSAS COUNTIES, TEXAS
by
Susannah R. Morris, B.S.
Texas State University — San Marcos
December 2003

Supervising Professor: Michael R.J. Forstner

Two isolated populations of short-tailed shrews exist in Texas; one in the Lost
Pines region including Bastrop County and one at Aransas National Wildlife Refuge on
the Gulf Coast. Fossil evidence suggests that two species of short-tailed shrew once were
widespread in central Texas; Blarina hylophaga now inhabits Nebraska, Kansas,
Oklahoma and Montague County, Texas, and Blarina carolinensis inhabits the
Southeastern United States through the eastern third of Texas. Molecular and
morphological methods were used to determine the systematic status of the two disjunct
Texas populations. In morphological analyses, nine cranial measurements were analyzed
using principal components analysis (PCA), and it was determined that Texas specimens

were intermediate between the smaller B. carolinensis and larger B. hylophaga.
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Multivariate analysis of variance (MANOVA) determined that the nine cranial measures
could be used to differentiate among three groups: B. carolinensis, B. hylophaga, and
Texas Blarina (Pillai’s Trace= 1.23, P<0.001). Phylogenetic analyses of the
mitochondrial cytochrome & gene for three specimens from Aransas County and 20
specimens from Bastrop County revealed that the Texas groups are sister to B. hylophaga
from Kansas and Nebraska. Based on the available evidence, subspecies status is
warranted for the Texas short-tailed shrews. Because the Aransas population previously
had been designated Blarina hylophaga plumbea, it is recommended that this subspecies
now include the Bastrop County population as well. Biogeographic hypotheses are
examined with respect to Texas as a Pleistocene refugium and these disjunct populations
as relictual isolates. Areas in Texas inhabited by short-tailed shrews may harbor other
locally endemic taxa; these areas should be examined closely as they may represent high

value habitat for conservation efforts.



INTRODUCTION

During the Late Pleistocene glacial maximum, approximately 18,000 years ago,
glaciers covered northern North America (Pielou 1991). Fossil evidence suggests that
the southern United States were much colder at that time and supported boreal flora and
fauna (e.g. Larson et al. 1972). The southern states provided refugia from the extreme
cold of periglacial environments, but as the climate warmed and the ice sheets in northern
North America receded, many animals and plants expanded their ranges northward.
These former refugia still harbor relictual populations of species that have shifted their
ranges northward. For example, Neotoma floridana smalli in the Florida Keys (Hayes
and Harrison 1992) and Microtus pinetorum in Texas (Lundelius 1967) are considered to
be relictual populations because they are small isolated populations that remain in the
Pleistocene refugium that is no longer a primary part of the species’ range. Both of these
states also harbor unique populations of short-tailed shrews (Blarina); in Florida, the now
extirpated subspecies Blarina carolinensis shermani is hypothesized to have been a
relictual isolate of the northernmost species of short-tailed shrew, B. brevicauda
(Genoways and Choate 1998). In Texas, one isolated population of short-tailed shrew in
Aransas County has been classified as B. hylophaga plumbea, also belonging to a species

whose distribution is further north.



Short-tailed shrews in the genus Blarina are endemic to eastern North America.
Three species have been described using morphological and molecular characters:
Blarina brevicauda is the northern short-tailed shrew, Blarina hylophaga is Elliot’s short-
tailed shrew, and Blarina carolinensis is the southern short-tailed shrew (Nowak 1999).
Blarina brevicauda is the largest of the short-tailed shrews, and can be found from the
Plains States through New England and southeastern Canada. Blarina carolinensis
inhabits the southeastern United States. Blarina hylophaga is found in the south-central
section of the country in Oklahoma, Nebraska, Missouri, and Arkansas and on the
Oklahoma border in Montague County in Texas (Figure 1). These shrews are known for
their voracious appetites and venomous saliva; Blarina is one of four genera of mammals
known to be venomous, three of which are members of Order Insectivora (Vaughan et al.
2000). These small mammals may be found in diverse habitats, including grasslands,
bottomland forest, and upland woods; their diet includes invertebrates, small vertebrates,
and some plant matter (Schmidly 1983).

Systematics and taxonomy of Blarina has been primarily based on morphology.
Initially, only one species was recognized in the genus, Blarina brevicauda, with the
subspecies B. b. carolinensis and B. b. hylophaga elevated to specific status in the early
1970s (Genoways and Choate 1972; Handley 1971) and 1980s (George et al. 1981),
respectively. Karyotypes (George et al. 1982) and molecular analyses have redefined the
systematics of this taxon (Brant and Orti 2002, 2003). However, questions remain

regarding the isolated populations of Blarina found in central and coastal Texas.



FIGURE 1 Distribution of three species of short-tailed shrew, Blarina, in the eastern
United States (modified from George et al. 1982). Stars represent two isolated
populations of Blarina in Texas. Blarina brevicauda is in grey, B. hylophaga is

patterned, and the range of B. carolinensis is below the dotted line.



In 1941, two short-tailed shrews were discovered at the Aransas National Wildlife
Refuge, Aransas County, Texas. The shrews were 400 kilometers southwest of the
known range of any congeners, and morphologically unique enough to warrant
recognition as a new subspecies, Blarina hylophaga plumbea (Davis 1941). A later
study using seven shrews collected at Aransas NWR reported that these individuals were
morphologically distinct from Blarina carolinensis in East Texas, but no comparison was
made to B. hylophaga (Schmidly and Brown 1979). Later it was found that shrews from
Aransas NWR were more similar to B. hylophaga from Oklahoma than B. carolinensis
from East Texas (George et al. 1981). In 1994, B. hylophaga plumbea was evaluated as a
candidate for listing as a federally endangered subspecies, but it subsequently was
rejected due in part to a lack of taxonomic clarity (Beattie 1994).

In 1989, another isolated population of Blarina was discovered at Bastrop State
Park, Bastrop County, Texas (Dixon et al. 1989; Dixon et al. 1990). Of four specimens
collected, three were identified as B. hylophaga and one as B. carolinensis based on a
suite of cranial measurements (Baumgardner et al. 1992). This population exists within
the Lost Pines region, approximately 130 kilometers west of the range of B. carolinensis.
This region is characterized by stands of loblolly pine (Pinus taeda) on sandy soils, and is
the westernmost outpost of these pines in Texas. Although Bastrop County is located in
the Blackland Prairie region of Texas (Diamond et al. 1987), it bears more resemblance
to the Piney Woods of East Texas.

The two Texas populations are separated by large geographic distances. There

are no museum records that would indicate any continuity between them, nor connecting



either to other populations of Blarina. Itis difficult to assess the factors that limit species
ranges, and short-tailed shrews present a particularly challenging case because they are
found in a variety of habitats. Although they are habitat generalists, Blarina do prefer
areas that are mesic but not saturated (Genoways and Choate 1998). These shrews are
semi-fossorial and inhabit areas with pliable soil or ground cover, allowing construction
of burrows and runways (Genoways and Choate 1998). Bastrop and Aransas counties
both have sandy soils and considerable ground cover in unburned areas. While mammal-
trapping efforts are largely undocumented, major universities in Texas consistently
engage in widespread trapping that would likely have uncovered evidence of a
continuous, contemporary Texas Blarina population.

The Bastrop and Aransas populations of Blarina are limited to small areas of a
once extensive range in Texas. Based on fossil evidence, short-tailed shrews were
widespread in Texas for several thousand years. In Travis County, central Texas, the
most recent record is a specimen dated at approximately 1,015 years before present and
tentatively identified as B. carolinensis (Table 1 and Figure 2) (Jones et al. 1984;
Lundelius 1967). Lundelius (1986) also noted a possible B. carolinensis from Mac’s
Cave in Travis County dated at 600 years before present. The changes in habitat
associated with post-Pleistocene warming may have caused the short-tailed shrews to
shift their ranges to the east and north to stay within more mesic habitats (Graham 1987;
Lundelius 1967). The two disjunct populations that remain in Texas may be relictual
isolates, although it also has been hypothesized that shrews may have arrived at Aransas

via dispersal rather than being Pleistocene inhabitants of the area



TABLE 1. Localities from which fossils of Blarina hylophaga and B. carolinensis have

been reported in Texas; species identification based on 26 dental and dentary

measurements in comparison to modern specimens (Jones et al. 1984). All dates are

noted in years before present.

Location County Date or Period Species
Barton Springs Travis 1,015 +/- 150 B. carolinensis
Cave Without a Name Kendall 10,900 +/- 190 B. carolinensis
Felton Cave Sutton 7,770 +/- 130 B. carolinensis
Friesenhahn Bexar Wisconsinan B. carolinensis
Hall’s Cave Kerr Holocene B. carolinensis
Klein Cave Kerr 7,683 +/- 643 B. carolinensis
and B. hylophaga
Longhorn Cavern Burnet Late Wisconsinan B. carolinensis
(~10,500)

Schulze Cave Edwards 9,680 +/- 700 B. hylophaga
Miller’s Cave Llano 3,008 +/- 410 and B. carolinensis

7,200 +/-300

and B. hylophaga
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FIGURE 2. Distribution of fossil and extant short-tailed shrews (Blarina) in Texas.
Shaded region in East Texas represents current range of B. carolinensis; stars represent
extant populations of B. hylophaga. Solid circles represent fossil B. carolinensis and

diamonds represent fossil B. hylophaga.



(Schmidly and Brown 1979). Based on the fossil evidence (Table 1), it is possible that
the isolation of these populations occurred between 1,000 and 5,000 years ago. Species-
level identification based on morphological characters is not necessarily straightforward.
These two species are remarkably similar, and in fact clinal variation in size may result in
overlap between small B. hylophaga from the southern portion of their range with large
B. carolinensis from their northern range; where the ranges of the two species overlap,
however, they are morphologically distinct (George et al. 1981). In fact, Schmidly and
Brown (1979) stated that shrews from what is now delineated as B. carolinensis were “a
southward extension of the cline {B. hylophaga},” and Stangl and Carr (1997) stated that
range limits established by previous studies enabled “workers in Texas and Oklahoma to
assign their specimens of Blarina to one species or the other based solely on geographic
grounds.” Thus, identification of Blarina within their respective ranges is possible, but
isolated populations present a problem in that they may overlap morphologically with
both B. hylophaga and B. carolinensis. Additionally, due to clinal variation in size,
disjunct populations may be smaller or larger than the typical population. Because
morphological characters used in previous studies of Blarina are size-related (e.g.,
Choate 1972), this overlap in size is a confounding factor when identifying isolated
populations of either taxon.

A technique that offered a potential solution to the shrew identification problem
was karyotyping. Blarina exhibit considerable polymorphism with respect to
chromosome fusions, and evidence for Robertsonian fans has been noted in B.
carolinensis (Qumsiyeh et al. 1999; Qumsiyeh et al. 1997). Fundamental numbers (FN)

for each species are distinct, with the largest variation within B. carolinensis (FN= 44, 45,



or 52); B. hylophaga has a fundamental number of 60 or 61 for the one locality sampled
(George et al. 1982). Another technique useful in identifying morphologically indistinct
organisms is DNA sequencing, which is becoming more readily available. Whereas
karyotyping requires tissue from live specimens, DNA sequencing can be performed on
stored tissue or even museum skins. DNA also provides more information for
phylogenetic analyses as well as population genetics and individual identification,
obviating the need for karyotyping for identification purposes. Studies contrasting
chromosomal and mitochondrial DNA evolution in the Sorex araneus group, which
exhibits considerable intraspecific variation in chromosome arrangements, have shown
that homoplasy in karyologic data can obscure evolutionary relationships (Taberlet et al.
1994).

Taxonomic revisions of the genus Blarina and particularly B. hylophaga, which
was recognized as a species only recently (George et al. 1981), have caused confusion in
the literature over the identity of Texas short-tailed shrews. Studies performed to date on
short-tailed shrews in Bastrop and Aransas counties, Texas, have utilized cranial and
external morphological characters that are ambiguous due to size overlap between B.
hylophaga and B. carolinensis. The study by George et al. (1981) reaffirmed the
taxonomic status of the Aransas subspecies Blarina hylophaga plumbea, but the tentative
identification of both B. hylophaga and B. carolinensis in Bastrop County by
Baumgardner et al. (1992) cast doubt on the classification of Texas Blarina. It seems that
in this case, additional characters are necessary to support or refute morphological data.
Brant and Orti (2002) used mitochondrial DNA sequences to resolve evolutionary

relationships among the three species of Blarina. The sequences from their study were
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available on the GenBank database, providing baseline Blarina sequences for cémparison
of novel Texas Blarina sequences.

Phylogenetic analyses of mitochondrial DNA and quantitative morphological
techniques were chosen to resolve this taxonomic problem. Both Davis (1941) and
Dixon et al. (1989) recognized that the respective isolated populations differed from B.
carolinensis in East Texas. However, the taxonomic status remains unresolved for these
populations. With the availability of museum specimens for morphological analyses and
the recent publication of a molecular phylogeny for Blarina, the data were available to
help resolve questions regarding the two disjunct Texas populations.

The objective of this study was to resolve the systematic status of the two isolated
populations of short-tailed shrew in Texas using morphological and molecular
techniques. Additionally, biogeographical hypotheses were explored in an attempt to

explain the current distribution of short-tailed shrews in Texas.



MATERIALS AND METHODS

Specimen Collection

Specimens were handled according to directives of TSU IACUC permit
#KUMITX_02.

Trapping for the Bastrop County population occurred in conjunction with
concurrent herpetofaunal survey work on the Griffith League Ranch, which comprises
approximately 5,000 acres, under Texas Parks and Wildlife permit SPR-0102-191 and
U.S. Fish and Wildlife Service permit TE039544-1. Over 100 pitfall traps were placed
along 23 drift fence arrays in grasslands, pine-oak woodlands, and oak-juniper woodlands
and checked daily from 2001 through 2003. Thirteen Y -shaped arrays were created using
three lines of drift fence 50 feet in length radiating from a central point, with 5-gallon
buckets buried at the center and each terminus. Five linear arrays were set in grassland
with buckets every 100 feet; two lines were 400 feet and three lines were 500 feet in
length. One linear array in a pine forest was 100 feet in length with two terminal buckets
and two internal buckets spaced 25 feet apart. Four linear arrays were placed in a
grassland in a rectangular formation, two 100 feet in length with two terminal buckets
and one central bucket, and two 150 feet in length with four evenly spaced buckets. Six
arrays were added in the spring of 2003 that lacked drift fence; each consisted of four

buckets arranged linearly along a 150 foot transect. These traps were checked daily from

11
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June 26 through July 31, 2003. Trapping in Aransas County took place at the Aransas
National Wildlife Refuge (ANWR), comprising approximately 54,000 acres, under
permit number 03-013. Twelve pitfall traps were placed along three 100-foot drift fence
arrays located in or near oak mottes. Four 50-meter lines, each with two terminal pitfall
traps, in use for an ANWR herpetofauna survey were monitored for shrews ten days of
every month during 2003.

Voucher specimens were taken as necessary, prepared by Richard W. Manning
and deposited at the Texas Tech University collection. Skeletal muscle, organs, and/or
blood were catalogued and stored at —80° C.

Specimens collected and prepared by previous researchers also were utilized in
this analysis. Jim Yantis collected several specimens in Houston and Anderson counties
in east Texas. Texas Cooperative Wildlife Collection (TCWC) housed several specimens
and allowed us access to them (Appendix I), including the removal of skin samples from
museum study skins. Samples from museum skins were taken with utmost care to
preserve the integrity of the skin and to prevent contamination among specimens. Skin
samples were approximately 5 mm® taken from the area around the incision made during
the preparation of the skin. Scissors were flame-sterilized and gloves were changed

before each skin clip.

Morphological Analyses
External measurements were taken when the condition of the specimen allowed;
these included total length, tail length, hind foot length, and ear length. Cranial

measurements, as established by Choate (1972) included, as seen in Figure 3:
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¢ Occipitopremaxillary length
* Length P4-M3

¢ Cranial breadth

e Breadth of zygomatic plate
e Maxillary breadth

* Interorbital breadth

¢ Length of mandible

* Height of mandible

¢ Articular breadth

Principal Components Analysis (PCA) (Quinn and Keough 2002) using a covariance
matrix was used to determine whether statistical differences exist between these
populations of Blarina and specimens from other parts of the United States. Multivariate
analysis of variance (MANOVA) (Quinn and Keough 2002) was performed using species
as the independent variable and the nine cranial characters as response variables to
determine if there were differences between species. After performing MANOVA,
individual analysis of variance (ANOVA) tests (Quinn and Keough 2002) were
performed for each cranial measure using the same a priori groups as in the MANOVA.
Because of the increase in Type I error associated with multiple tests, the Bonferroni
procedure was used to adjust the significance level (Quinn and Keough 2002). The
resulting alpha level, adjusted for nine tests, was 0.0055.

S-Plus 6.1™ software was used for all morphological analyses.
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FIGURE 3. Nine cranial measurements used in this study, as in Choate (1972).
Occipito-premaxillary length (a), P4-M3 (b), cranial breadth (c), breadth of zygomatic
plate (d), maxillary breadth (e), interorbital breadth (f), length of mandible (g), height of

mandible (h), and articular breadth (i).
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DNA Sequencing

Cytochrome b from the mitochondrial genome was used in all analyses because
baseline data for large-scale sampling of United States Blarina exclusive of Texas were
readily available from GenBank. Although 500 bases from the 16S gene also were
available for Blarina, that gene was excluded from these analyses because of perceived
ambiguities regarding its alignment and phylogenetic analysis (Springer and Douzery
1996). The cytochrome b gene encodes a protein which spans the inner matrix, inner
membrane, and outer intermembrane area in the mitochondrion, and acts as a component
of complex III of the mitochondrial oxidative phosphorylation system (Griffiths 1997;
Irwin et al. 1991). This gene has been widely utilized in systematic studies (e.g. Bradley
and Baker 2001; Johns and Avise 1998; Voelker and Edwards 1998; Yoder et al. 1996).
Although cytochrome b is useful in assessing phylogenies, potential pitfalls include
differential evolutionary pressures based on location in the membrane (Griffiths 1997),
insertions of the gene into the nuclear genome (Mirol et al. 2000; Mundy et al. 2000), and
rate heterogeneity among taxa (Spradling et al. 2001).

The Qiagen™ DNeasy kit was used to extract genomic DNA from skeletal muscle
samples. The polymerase chain reaction (PCR) was used to amplify fragments of the
mitochondrial genome. Amplification of the cytochrome b gene was in a 50 ul reaction
using 10 ul Taq buffer (0.3 M TRIS, 0.0175 M MgCl,, and 0.075 M (NH,),SO,, pH 8.5),
0.5 ul DMSO, 0.5 ul ANTP’s (2.5 mM dATP, dCTP, dGTP, and dTTP), 0.5 pl (10 mM)
of each primer, 0.25 ul Tag polymerase, and 0.5 pl tDNA. The cytochrome b gene was
sequenced for all samples. The following primers were used in PCR and sequencing:

cytochrome b, L14724: 5’-CGAAGCTTGATAGAAAAACCATCGTTG-3’ and H15915:
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5’-AACTGCAGTCATCTCCGGTTTACAAGAC-3’ (Irwin et al. 1991); plus an internal
sequencing primer, cytbR1: 5°-GCTTCGTTGTTTGGAGGT-3’ (Brant and Orti 2002),
and novel internal sequencing primers shrewCBF1: 5’-
YTATTTTCTCCAGACTTACTAGGAGACCC-3’ (where Y is C or T), and
shrewCBR3: 5’-CCTCATGGAAGGACATACCCTATAAAGGCAGT-3’. The
GeneAmp ® PCR System 9700 performed denaturation at 94° C for 1 min followed by
35 cycles of 94° C (for 1 min), 50° C (for 30 s), and 72° C (for 1 min), and then a final
extension of 72° C for 5 minutes. Results of PCR were visualized on a 1% agarose gel.
The Marligen™ Rapid PCR Purification System was used for PCR cleanup. Clean PCR
product was cycle sequenced in a 9 ul reaction using 0.5 ul primer, 3 ul Big Dye version
3.0, 2- 4 ul clean PCR product (depending on concentration) and 1.5- 3.5 ul water
(depending on concentration of PCR product). GeneAmp® PCR System 9700 was used
to perform 25 cycles of 96° C for 30 s, 50° C for 1 min, and 60° C for 4 min. Cycle
sequence products were cleaned using 700 pl Sephadex solution (0.0625 g/ml) in a
Centri-sep column (Princeton Separations). The ABI Prism 377 XL DNA sequencer
assayed clean cycle sequence products using a 6% polyacrylamide gel.

Precautions were taken to avoid contamination when extracting, amplifying, and
sequencing DNA from TCWC museum skins. Protocols for ancient DNA extraction
included bleaching all laboratory bench surfaces, flame sterilizing metal utensils, UV
sterilizing consumables such as tubes and micropipettor tips as well as pipettors, and
including a negative control reaction for the extraction and subsequent PCR reactions.
Extraction was performed using standard phenol-chloroform protocols rather than a kit.

Tissue was incubated for 48 hours at 55 °C after adding 500 ul STE buffer, 25 ul
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20%SDS, and 25 ul of 20 mg/ml proteinase K. After two purifications in 500 pl of PCI
solution (25 phenol: 24 chloroform: 1 isoamyl alcohol) and two purifications in 500 pl
chloroform, tDNA was precipitated in 0.1 volume of 2M NaCl and 2.5 volumes of 99%
ethanol. The tDNA pellet was dried 24 hours later and re-suspended in ddH,O.
Amplification was performed using primers cytbL as the forward primer and shrewCBR3
as the reverse primer for a total of 395 bases. Cycle sequencing was performed as
previously described with ancient DNA protocols enforced.

Sequences were aligned using Sequencher™

4.1. Sequences were compared with
38 previously aligned sequences obtained from GenBank, as published in Brant and Orti

(2002).

Phylogenetic Analyses

Thirty-four Blarina, two Cryptotis parva and two Sorex cinereus cytochrome b
sequences from GenBank (accession numbers AF395449-86) were aligned with 23
Bastrop/Aransas sequences and exported as a NEXUS file to PAUP* 4.0b10 (Swofford
1999). Sorex cinereus and Cryptotis parva were designated as paraphyletic outgroups.
Individuals were coded according to geographic location and GenBank accession number
(Figure 4, Table 2). Morphological characters were excluded from phylogenetic analyses
because of continuous variation in cranial measurements that could not be coded for
analysis in an objective manner; see Poe and Wiens (2000) and Zelditch et al. (2000) for
a full review.

Saturation was estimated by graphing the uncorrected-p distance on the x-axis as

a measure of time since divergence against absolute number of transitions and
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TABLE 2. Collection localities and abbreviations for Blarina specimens from Brant and
Orti (2002). Map codes correspond to locations in Figure 4. Individual abbreviations are
noted as used in all phylogenetic analyses. Two-letter abbreviations used for all U.S.

states. B.bre= Blarina brevicauda, B.car= Blarina carolinensis, B.hyl= Blarina

hylophaga.

Species County and State Map Code Individual Number

B. brevicauda Lancaster, NB 8 64.B.bre.NB
Dixon, NB 9 65.B.bre. NB
Valley, NB 1 61.B.bre. NB
Wooster, OH 10 69.B.bre.OH
Wooster, OH 10 72.B.bre. OH
Manitoba, Canada 12 62.B.bre.Manitoba
Manitoba, Canada 12 63.B.bre.Manitoba
Allamakee, IA 11 66.B.bre.JA
Trigg, KY 14 67.B.bre. KY
Trigg, KY 14 68.B.bre. KY
Grafton, NH 13 70.B.bre. NH
Grafton, NH 13 71.B.bre. NH
James City, VA 15 73.B.bre.VA
James City, VA 15 74.B.bre.VA

B. hylophaga Nuckolls, NB 3 75.B.hyl.NB
Nuckolls, NB 3 80.B.hyl.NB
Lincoln, NB 2 81.B.hyl.NB
Lincoln, NB 2 78.B.hyl.NB
Richardson, NB 4 79.B.hyl.NB
Richardson, NB 4 76.B.hyl.NB
McPherson, KS 5 77.B.hyl.KS
Montgomery, KS 6 82.B.hyl.KS

B. carolinensis  GA 22 50.B.car.GA
GA 22 49.B.car.GA
Vernon, LA 18 57.B.car.LA
Webster, LA 17 55.B.car.LA
Polk, AR 19 59.B.car. AR
Polk, AR 19 56.B.car. AR
Highlands, FL. 20 53.B.car.FL.
Highlands, FL. 20 54.B.car.FLL
Lancaster, VA 23 51.B.car.VA
Lancaster, VA 23 52.B.car.VA
Jackson, IL 21 60.B.car.IL
Jackson, IL 21 58.B.car.IL
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FIGURE 4. Sampling locations for this study and Brant and Orti (2002). Numbers
represent trapping locations by county as in Table 2. In Texas, A is Aransas County, B is

Bastrop County, and C approximates Houston and Anderson counties where trapping

occurred for this study (Appendix I).
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transversions separately on the y-axis (Griffiths 1997). Saturation curves were created
for the entire gene as well as for each codon position within the intermembrane, matrix,
and transmembrane regions as in Griffiths (1997). Additionally, a partition homogeneity
test with 100 repetitions was conducted to ensure that the three regions were suitable for
uniform analyses. Neighbor joining (NJ) analysis was performed using HKY distances
and bootstrapped using 1,000 pseudoreplicates. Maximum parsimony (MP) analysis was
performed using a heuristic search with tree-bisection reconnection (TBR) branch
swapping; gaps were treated as missing. The dataset was bootstrapped using 1,000
pseudoreplicates each with 5 random addition replicates. Weighted parsimony was
performed similarly, but with transversions (TV) and transitions (TT) weighted based on
estimation of the TI/TV ratio using maximum likelihood and codon positions weighted
based on number of changes at each position. A bootstrap similar to that of MP analysis
was performed on the weighted dataset.

Modeltest 3.06 (Posada and Crandall 1998) was used to determine the nucleotide
substitution model that best fit the data. This model with the parameters given by
Modeltest was used in a maximum likelihood (ML) analysis using a full heuristic search.
Bayesian analyses were performed using MrBayes (v. 3.0, Huelsenbeck and Ronquist
2001) with 1,000,000 generations of four Monte Carlo Markov chains (MCMC) sampled
every 1,000 generations. Only one outgroup is allowed by the software, so Sorex
cinereus AF395485 was specified as the outgroup; however, Cryptotis parva was

retained in the analysis.
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The “Evaluate Random Trees” option in PAUP* (Swofford 1999) was used to

create a frequency distribution of random trees and generate the g, statistic. This statistic

“is a measure of skewness that indicates the amount of phylogenetic signal in a dataset
(Huelsenbeck 1991). A random dataset would have a normal distribution of random trees
and a positive g, statistic, whereas a dataset with signal will produce a left-skewed
distribution of random trees with a negative value for g, (Huelsenbeck 1991).

Each novel sequence and the compiled data set was examined thoroughly,
including translation to amino acid sequence and substitution pattern, to ensure the
integrity of subsequent analyses. Likewise such scrutiny ensured that any erroneous
sequence contaminant whether exogenous (PCR contamination) or endogenous (nuclear

introns) was exposed prior to the final analyses.



RESULTS

Specimen Collection

Three fresh specimens were collected from traps placed on the Aransas Wildlife
Refuge (Appendix I). Twenty-seven specimens were collected on Griffith League Ranch
in Bastrop County, and one (MF8057) was collected at Schulz Ranch in southern Bastrop
County (Appendix I). Additional morphological and molecular data were obtained from

preserved specimens at the Texas Cooperative Wildlife Collection (Appendix I).

Morphological Analyses

Most cranial measures were linearly correlated, with Pearson’s correlation
coefficient () ranging from 0.29 to 0.84 (Table 3). PCA (n=52) recovered nine principal
components, the first of which (PC1) explained 77.7% of the variance and had an
eigenvalue of 0.97. The second component (PC2) was retained for use in the ordinal plot
(Figure 5) but only explained 7.9% of the variation and had an eigenvalue of 0.31. All
cranial characters had positive loadings on PC1, the largest being occipito-premaxillary
length which had a loading of 0.708. Remaining principal components were not included
in further analyses; all had eigenvalues less than 0.25 and explained less than 5% of the
variation. On PC1, B. carolinensis and B. hylophaga were distinguishable with B.

carolinensis having lower scores on that component. Specimens from Texas were

22
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TABLE 3. Pearson’s correlation () between cranial measurements for 48 specimens of

Blarina. Cranial measurements abbreviated as follows: OPM occipito-premaxillary
length, P4-M3 length from anterior edge of P4 to posterior edge of M3, CB cranial
breadth, ZPB breadth of zygomatic plate, MB maxillary breadth, IOB interorbital

breadth, LM length of mandible, HM height of mandible, AB articular breadth.

OPM P4AM3 CB ZPB MB I1I0B IM HM AB

OPM - 0.670 0.811 0.493 0.821 0.736 0.781 0.820 0.735
P4-M3 - 0.580 0.275 0.637 0.616 0.745 0.646 0.498
CB - 0.353 0.809 0.699 0.703 0.710 0.635
ZPB - 0.290 0.526 0.511 0.354 0.380
MB - 0.740 0.696 0.840 0.807
IOB - 0.741 0.706 0.646
LM - 0.725 0.589
HM - 0.709

AB
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intermediate between the two species on PC1, although there was overlap between two
Bastrop specimens and B. carolinensis.

MANOVA was used to differentiate among three groups: TCWC B. carolinensis
and TCWC 51797 (previously identified as B. carolinensis), B. hylophaga from Kansas,
and Texas Blarina; the Pillai’s trace test statistic was 1.22837 (P<0.001). In univariate
tests of the nine cranial measures, two were non-significant: zygomatic plate breadth (P=

0.792) and interorbital breadth (P= 0.009).

DNA Sequencing

Cytochrome b sequences 1140 nucleotides in length were obtained for three
Blarina specimens from Aransas NWR and 20 specimens from Bastrop County. The
Texas populations do not share any haplotypes with Blarina hylophaga from Kansas and
Nebraska (Brant and Orti 2002). Four distinct haplotypes were present, one unique to
Aransas NWR (Haplotype A) and three in the Bastrop population (Haplotypes B1, B2,
and B3). Haplotype A was unique to the three Aransas individuals. Haplotype B1 was
the predominant haplotype in Bastrop County (n= 14) and Haplotype B2 was less
common (n#=4). Haplotype B3 was present in only one individual, MF 9158, and
differed from Haplotype B2 by only one nucleotide (see Appendix 2). Non-synonymous
mutations resulted in differing proteins, with changes at amino acid positions 23, 25, 189,
and 327 (Table 4). Amino acid 25 is located in the matrix domain of the cytochrome b
protein, which normally includes mostly polar amino acids; amino acid 189 is located in
the transmembrane domain in Helix D, which usually contains hydrophobic amino acids

(Griffiths 1997). Partial cytochrome b sequence was obtained for the paratype of B.
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hylophaga plumbea, TCWC#1542; the first 400 bases of cytochrome » were sequenced
successfully and found to be identical to Haplotype B1.

The sequences obtained are assumed to be mtDNA rather than nuclear
pseudogenes from mtDNA sequence (also known as numts) based on the following
characteristics as outlined by Zhang and Hewitt (1996): 1) PCR amplification
consistently produced only one band, 2) No sequence ambiguities or background bands
persisted, 3) No unexpected insertions, deletions, or stop codons occurred, 4) Nucleotide
sequences were not radically different from those expected, and 5) Phylogenetic analyses

did not yield an unusual or contradictory tree topology.

Phylogenetic Analyses

The complete alignment consisted of 1140 nucleotides of cytochrome b for 38
taxa from GenBank, three Aransas specimens, and 20 Bastrop specimens. The treelength
distribution for 10,000 randomly generated trees was skewed left (Figure 6) with a g; of
-0.389, therefore these data are significantly more structured than random data (P<0.01)
(Hillis and Huelsenbeck 1992). There was no significant difference found among the
intermembrane, matrix, and transmembrane regions of the gene in the partition
homogeneity test (P=0.50). Base frequencies were equivalent at first positions (x’= 1.5,
P>0.5) but did not conform to a 1:1:1:1 ratio for position 2 (x> =65.64, P<0.01) or

position 3 (y* = 240.6, P<0.01) (Table 5).
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TABLE 4. Amino acids for five haplotypes in two isolated populations of Blarina in
Texas compared to GenBank sequences from all three species of Blarina (see Table 2)
from Brant and Orti (2002). Haplotype B1 was the predominant haplotype in samples
from Bastrop County (n= 14), with Haplotype B2 (n= 4) less common, and Haplotype B3
found in only one individual. Haplotype A is the only haplotype found in the Aransas

County samples. Haplotype S was only present in the individual from southern Bastrop

County.
AA. 23 AA.25 AA.189 A.A. 327

Haplotype B1 Alanine Serine Isoleucine  Isoleucine
Haplotypes B2, B3 " Alanine Alanine Isoleucine  Isoleucine
Haplotype A Alanine Serine ~ Valine Isoleucine
Haplotype S Threonine Serine Isoleucine  Valine
Blarina hylophaga Alanine Serine Isoleucine  Isoleucine
Blarina carolinensis Alanine Serine Isoleucine  Isoleucine
Blarina brevicauda Alanine Serine Isoleucine  Isoleucine

TABLE 5. Mean base frequencies for all Blarina individuals in this study as well as

outgroups for each codon position over the entire cytochrome b gene.

A

C

G

Codon Position 1 0.26596 0.26096 0.22433 0.24875

Codon Position 2 0.19741 0.23756 0.14467 0.42036

Codon Position 3 0.38871 0.35490 0.04418 0.21221
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Saturation of base substitutions does occur in the cytochrome b data set between
ingroup and outgroup (Figure 7). Saturation curves produced for each codon position
within the three domains of the membrane protein showed that saturation does not occur
at any codon position in any protein region within ingroup taxa, but ingroup-outgroup
saturation is present in third position transitions of all three regions of the protein as well
as first codon position transitions of the transmembrane region (Appendix 3). There is
0.5-0.6% divergence in cytochrome b between the two Texas lineages and 1.2-2.2%

between Texas and other populations of B. hylophaga (Table 6).

TABLE 6. Percent difference between and within species of Blarina, calculated over all
1140 bases of cytochrome b. Blarina carolinensis, B. hylophaga, and B. brevicauda
sequences from Brant and Ortf (2002), Texas Blarina sequences from Bastrop and

Aransas counties.

" B. carolinensis  B. hylophaga  Texas Blarina B. brevicauda

B. carolinensis  0.09- 3.9%
B. hylophaga ~ 6.1-11.1% 0.1- 0.97%
Texas Blarina 5.7- 6.6% 1.2-2.5% 0.1- 0.6%

B. brevicauda 6.5- 8.2% 8.6- 10% 8.3-9.0% 0.1-2.9%
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Tree Length

FIGURE 6. Distribution of 10,000 randomly generated trees from the Blarina data set of
1140 nucleotides of cytochrome b for 61 taxa. Trees were generated using parsimony

criteria. The gj statistic, a measure of skewness and phylogenetic signal, was -0.389.
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FIGURE 7. Saturation curve for the complete cytochrome b gene for the Blarina data
set, constructed using uncorrected p distance as a measure of time on the X-axis and
absolute number of transitions and transversion on the Y-axis. Transitions and
transversions labeled separately for ingroup and outgroup. Saturation does not occur

within the ingroup but does occur between ingroup and outgroup transitions.
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Parsimony analyses of the full data set with all characters equally weighted
resulted in 18 equally parsimonious trees with tree length 565, retention index (RI) of
0.941 and consistency index (CI) of 0.724 (Figure 8). Of the molecular characters, 801
were constant and 322 of the variable sites were parsimony informative. The MP
topology supports three monophyletic species of Blarina with B. brevicauda basal within
the genus, and Texas Blarina sister to B. hylophaga. The NJ bootstrap topology agrees
with MP at the interspecific level; the Texas clade is sister to Kansas/Nebraska B.
hylophaga (Figure 9). Weighted parsimony was performed with differential weights for
each codon position based on the number of changes for each position in the unweighted
MP topology (Figure 8): codon position 1= 0.1125, position 2= 1, and position 3= 0.019,
transversions were weighted at 5 times the transversion weight based on the TI/TV ratio
from the ModelTest 3.06 analysis. The resulting topology had a polytomy at the
interspecific level and a sister relationship between Texas Blarina and Kansas/Nebraska
B. hylophaga (Figure 10).

Maximum likelihood analysis was performed using the parameters given by
Modeltest 3.06, which were nucleotide frequencies of A=0.3118, C=0.2912, T= 0.2779,
and G=0.1191; TI/TV ratio of 5.2241; proportion of invariable sites equal to zero; and a
gamma distribution parameter of 0.1813, which cumulatively indicated a high number of
practically invariable sites (Nei and Kumar 2000). The resulting topology supported a
monophyletic B. hylophaga within the Texas Blarina, and B. hylophaga basal within the

genus (Figure 11).
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The 50% majority-rule consensus tree for Bayesian analysis was calculated using
500 trees (Figure 12), and the resulting topology supported a sister relationship between
B. brevicauda and B. carolinensis. Also, the Texas clade was sister to B. hylophaga with
97% posterior probability. The proportion of trees supporting a particular clade is
considered to be the Bayesian posterior probability for that clade (Wilcox et al. 2002).
Bayesian support values are considered less conservative than bootstrap and possibly
closer estimates of phylogenetic accuracy, given that the correct model of evolution is in

use (Wilcox et al. 2002).
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respective branches. Three species of Blarina abbreviated as in Table 2, MF numbers are

assigned to all Bastrop and Aransas county specimens, the latter with an “A” appended.

Cryptotis and Sorex were used as outgroups.
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Tree created using 1140 bases of cytochrome b.
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FIGURE 10. Consensus tree with bootstrap values on respective branches for weighted

parsimony in which codon position 1 was weighted 0.1125, position 2 at 1, and position 3

at 0.019. Transversions weighted at five times the weight of transitions.

Cryptotis are outgroups, three species of Blarina labeled as in Table 2; MF numbers for

Sorex and

Texas specimens as in Appendix I, all from Bastrop except for three with an “A”

appended. Tree created using 1140 bases of cytochrome b.
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FIGURE 11. Maximum likelihood topology created from the Blarina cytochrome b data

set of 1140 bases for 55 individuals using the HKY +G model of nucleotide substitution

with gamma of 0.1813, Ti/Tv ratio of 5.2241, proportion of invariate sites equal to zero,

and base frequencies of A=0.3118, C=0.2912, G=0.1191, and T=0.2779. Branch lengths

proportional to number of changes; see key directly below figure.
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FIGURE 12. 50% Majority-rule consensus tree from 500 trees produced after 1,000,000

generations of four Monte Carlo Markov Chains in MrBayes v.3.0. Bayesian posterior
probabilities are noted on respective branches. Sorex and Cryptotis are outgroups;

abbreviations for individuals follows Table 2 except for Texas specimens designated by

MF numbers, Aransas specimens with an “A” appended.



DISCUSSION

Morphology

Analyses performed here support the two Texas populations being intermediate in
size between B. hylophaga and B. carolinensis. Because all of the cranial measures were
positively correlated, PC1 can be considered a size component in the PCA (Flessa and
Bray 1977; Rohlf and Bookstein 1987), and PC 2 and subsequent principal components
can be considered size-free shape components (Humphries et al. 1981). Thus, these
shrews vary in size with B. carolinensis being the smallest, Texas B. hylophaga
intermediate and B. hylophaga the largest of the groups in the analysis. The shape
component PC2 accounts for little variation (7.9%) in cranial morphology and the three
groups in this comparison have considerable overlap on that axis (Figure 5). This is
congruent with previous studies using PCA to differentiate species of Blarina (Genoways
and Choate 1972).

One individual short-tailed shrew (TCWC# 51209) captured in Bastrop County
previously had been identified as B. carolinensis, and indeed fit with that species in the
morphological analyses. However, as previously mentioned, the characters used to
identify these shrews are purely size-based, and this individual most likely was a young
adult based on degree of ankylosis and lack of tooth wear. This example illustrates the

pitfalls of using size-based characters to identify animals; individuals that are not fully
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grown will be classified as the smaller of the species. Another example can be found in
the East Texas specimens from Houston and Anderson counties, one of which fits in with
the Texas B. hylophaga on the ordinal plot (Figure 5). Although B. hylophaga has not
previously been reported from these counties, it is difficult to say if these specimens are
unusually large B. carolinensis or an additional population of B. hylophaga.

Clinal variation in size has been documented in previous studies of Blarina (e.g.
George et al. 1981; Jones and Findley 1954), and the Texas shrews being smaller than
northern populations of B. hylophaga supports those studies. This clinal variation
correlates with Bergmann’s Rule, which states that within a taxon, animals at higher
latitudes are larger than those closer to the equator (Brown and Lomolino 1998).
However, factors other than latitude also affect body size. Because the Blarina in Central
Texas inhabit an island-like fragment of pine forest and the coastal population is equally
insular by analogy, it is possible that their body sizes have changed due to differences in
predators, competitors, or other niche factors from the main population. Vertebrate
species that colonize islands often exhibit size differences from their mainland ancestors
(Case 1978). There is no consistent trend for insectivores to be larger or smaller on
islands (Lomolino 1985), so there is no prediction for these shrews to be larger or smaller
than the analogous “mainland” shrew population means.

Because morphological differences among species of Blarina are primarily size-
based, however, island effects should be a consideration when observing trends in body
size. Additionally, as there is no size-free shape component to differentiate between
species of Blarina, morphology is not useful to identify shrews in geographically isolated

populations. For example, one key to the identification of soricids differentiates between



B. hylophaga and B. carolinensis based on size, stating that animals less than 100
millimeters (mm) in total length, with condylobasal length of less than 20 mm and
weighing less than 10 grams are B. carolinensis (Choate et al. 1994). Few of the Texas
B. hylophaga would be correctly identified using this key, as they are small enough to be

incorrectly identified as B. carolinensis.

Molecular Phylogenetics

The use of mitochondrial DNA in phylogenetic studies is widéspread and, despite
controversy, been well established as an effective tool to examine evolutionary histories
of taxa. Because the mitochondrial genome is uniparentally inherited and haploid, its
effective population size (N,) is 1/4 that of nuclear markers (Moore 1995). While this
may enable early detection of speciation, ancestral polymorphisms in incipient species
may result in misleading patterns in gene trees (Neigel and Avise 1986). Conversely,
speciation may be detected early based on phenotypic differences between incipient
species in which mtDNA divergence cannot be detected (Nice and Shapiro 1999). Itis
essential to be aware of these possibilities and to be cautious when making conclusions
based primarily on mtDNA.

Cytochrome b frequently is used in studies of molecular phylogenetics of animals
(Adachi and Hasegawa 1996). Evolutionary pressures differ within this gene by
membrane region, codon position, and amino acid. Based on the saturation curves
produced for the codon positions within each transmembrane region (Appendix 3), down-
weighting third positions throughout the gene will result in a loss of significant amounts

of unsaturated positions that could otherwise be informative. Hence, weighted parsimony
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may result in a loss of phylogenetic signal in this gene. Additionally, when creating
saturation curves it is essential to consider saturation within the ingroup and between the
ingroup and outgroup separately.

DNA was successfully extracted and sequenced from two museum skins, one of
which was the paratype for the subspecies B. hylophaga plumbea. This individual was
collected at the Aransas NWR in 1941 by Davis (1941). The 400 bases of cytochrome b
sequenced for this individual are identical to Haplotype B1, the predominant haplotype in
Bastrop County. Phylogenetic analyses using cytochrome b unambiguously place the
paratype of Blarina hylophaga plumbea in the B. hylophaga clade. These analyses
should allay any doubts regarding the phylogenetic placement of this isolated population.

The Texas populations of short-tailed shrews form a monophyletic sister group to
other U.S. populations of Blarina hylophaga; within Texas, Bastrop and Aransas harbor
unique clades. Many of the molecular analyses were in agreement in the placement of
the Texas clade as a sister group to B. hylophaga. Maximum likelihood supported an
alternate hypothesis of a sister relationship between Aransas and the Kansas/Nebraska B.
hylophaga, with the remainder of Texas Blarina sister to that group; this topology is
probably an artifact of anomalies in the Kansas/Nebraska GenBank sequences, and is in
fact unsupported by any synapomorphies. This can be assessed by observing the length
of the terminal branches of B. hylophaga in comparison to B. carolinensis. There was no
overlap in haplotypes between Texas and Kansas/Nebraska B. hylophaga. Because
sampling was limited at Aransas NWR, it is possible that other haplotypes are present in

the population but were not found in this study.
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Results differed among analyses with respect to the relationships of the three
species of Blarina. Previous morphological studies have supported the (B. brevicauda
(B. carolinensis, B. hylophaga)) topology (Jones et al. 1984; Stangl and Carr 1997), but
the recent molecular phylogeny by Brant and Orti (2002) supports a (B. hylophaga (B.
brevicauda, B. carolinensis)) topology. In this study, the former relationship was
supported in neighbor joining and parsimony analysis, e{nd the latter in Bayesian and ML
analyses. Weighted parsimony did not resolve the interspecific relationship. Support for
either of the resolved relationships was generally low and consisted of synonymous third
and first codon position changes, many of which had low CI values for the topology in
question, indicating homoplasy. Other genes may be successful in recovering any
interspecific structure, or morphology can be used as additional evidence to confirm B.

brevicauda as a basal species within Blarina.

Biogeography and Areas of Endemism

These shrews may represent relictual isolates of B. hylophaga’s Pleistocene range
in Texas. Aransas and Bastrop counties do not have similar floras, but must share some
characteristics that make them hospitable to short-tailed shrews. Similarities between
Aransas and Bastrop counties that could make both suitable as shrew habitat include deep
sandy soils, ancient trees, deep leaf litter, abundance of prey, and suitable thermal
climate. While other areas of sandy soil exist in Texas, such as the coastal sand plain in
South Texas, lack of leaf litter or other factors may prohibit shrews from inhabiting the

area. It also is possible that Blarina do not occupy all suitable habitats in Texas, and
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other circumstances have narrowed their distribution. Examining patterns of distribution
in other species may aid in understanding the pattern of short-tailed shrew distributions in
Texas.

Many small mammals inhabited Texas in the Pleistocene and may aid in
understanding the pattern of distribution in Blarina hylophaga in Texas. Other small
mammals with ranges extending southward from the midwest include the thirteen-lined
ground squirrel (Spermophilus tridecemlineatus) and the woodland vole (Microtus
pinetorum), both of which were reported at Aransas NWR by Davis (1941). Small
mammals having Pleistocene-era fossils in Texas whose current ranges no longer include
Texas or include only relictual populations include two additional species of vole
(Microtus pennsylvanicus and M. ochrogaster), the southern bog lemming Syraptomys
cooperi, the ermine Mustela erminea, and the cinereus shrew Sorex cinereus (Lundelius
1967). The common pattern among these animals is a northward-shifting range, probably
a consequence of warming temperatures over time. Some of these taxa, such as
Microtus, may be more tolerant of warm weather and therefore able to maintain isolated
populations in Texas, especially in favorable habitats.

The Lost Pines area in Central Texas is an area characterized by stands of loblolly
pine (Pinus taeda) on sandy soils. This area is superficially similar to the Piney Woods
of East Texas, also an area containing loblolly pines on sandy soils. The Lost Pines hosts
the westernmost distribution of these pines in Texas, as well as the fauna associated with
them. Animals such as flying squirrels (Glaucomys volans), pileated woodpecker
(Dryocopus pileatus), and pine warbler (Dendroica pinus) have presumably disjunct

populations in the Lost Pines. The endangered Houston toad (Bufo houstonensis) now is



effectively restricted to the Lost Pines, although its distribution once included a much
larger area. An endemic insect, the Texas long-lipped beetle (Telegeusis texensis),
recently was described from specimens collected in the Lost Pines (Taber and Fleenor
2003).

These animals inhabit a unique ecosystem that may be a relictual isolate or an
outpost of pines created by dispersal. Fossil pollen evidence confirms that Bastrop
County was the westernmost limit of the range of pine forests in Texas in late glacial and
postglacial times (Larson et al. 1972), and that pines have been present for nearly 20,000
years (Bryant 1977). This evidence strongly suggesté that the Lost Pines region is a
remnant of a more widespread pine forest.

Aransas National Wildlife Refuge also harbors unique fauna; it is most well
known as the wintering grounds for the endangered whooping crane (Grus americana).
The rare Texas scarlet snake, Cemophora lineri, also has been found on the refuge. Both
the Lost Pines and Aransas NWR may represent areas of local endemism for many taxa.
Both areas have been scrutinized as endangered species habitat, but also should be

examined at the ecosystem level because of their unique nature.

Taxonomy

While the debate over species concepts continues, some model must be applied in
order to define species taxonomically. Often a combinatorial approach is necessary,
using several data types to confirm the status of a taxon; for example, Wiens and Penkrot
(2002) proposed an approach using DNA and morphological data to delimit species. In

the case of these isolated populations of Blarina, however, morphological characters can
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be nebulous or even misleading. Characters such as nuclear DNA or a karyotype may be
useful to support mtDNA phylogenies in this case. In an instance involving isolated
populations of pocket gophers which only had mtDNA evidence available, a “molecular-
phenetics species concept” was implemented, using known differences of closely related
taxa to create a standard to identify potential species-level differences (Demastes et al.
2002). This model is similar to the “cytochrome-b species concept” (Bradley and Baker
2001), but with the caveat that other types of evidence should be applied as well.

The Biological Species Concept (BSC) (Mayr 1942), Genealogical Species
Concept (GSC) (Mishler and Donoghue 1982), and Phylogenetic Species Concept (PSC)
(Cracraft 1983; Nelson and Platnick 1981) have been discussed philosophically to a
tremendous extent. It is difficult to decide which concept is appropriate to apply, so it is
necessary to consider the applicability of each concept to this research, which involves
two allopatric populations of morphologically indistinguishable animals with differences
in molecular traits.

The BSC defines species as “groups of interbreeding natural populations that are
reproductively isolated from other such groups” (Mayr 1969). Observations of
interbreeding are difficult to obtain for many if not most species, and for allopatric
populations these observations could only take place in captive organisms. For Texas
Blarina, it is unknown whether breeding with Oklahoma, Kansas, or Nebraska Blarina
would be successful; therefore, no evidence is available to support or refute classification
of Texas Blarina under this concept.

Employment of the phenetic measure of percent divergence as a criterion to

define species may be misleading when considering the differential rate of evolution
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among taxa (Spradling et al. 2001) that may be affected by body size, thermal habit, and
metabolic rate (Martin and Palumbi 1993; Rand 1994). Oxygen radicals cause damage to
mtDNA, increasing rate of evolution in the mitochondrial genome (Richter et al. 1988);
shrews exhibit extremely high oxygen consumption per gram body mass, Blarina
brevicauda basal metabolic rates being over 150% of the expected value (Churchfield
1990). Therefore intra- and inter-species sequence divergences cannot be standardized
among taxa; however, it remains reasonable to use a within-taxon standard to gauge
differences in that taxon. Both B. carolinensis and B. brevicauda have intraspecific
divisions that are attributable to the Mississippi River; distances between those east-west
clades average 3.3% and 2.5%, respectively (Table 6). The genetic distance between
Texas B. hylophaga and the northern population of that species ranges from 1.2-2.2%,
and the genetic distance between the Aransas and Bastrop populations is 0.5%. This
evidence along with the monophyly of this group is sufficient evidence to classify the
Texas B. hylophaga as a subspecies, Blarina hylophaga plumbea (Davis 1941) under the
GSC.

The PSC defines species as “the smallest aggregation of ... populations...
diagnosable by a unique combination of character states” (Wheeler and Platnick 2000).
Under the strictest interpretation of this concept, every haplotype in this study would
constitute a separate species; there is no room for intraspecific classification under the
PSC. Certainly both Aransas and Bastrop populations would warrant species status, since
each population does have a unique combination of character states. Widespread use of
the PSC by taxonomists would undoubtedly lead to significant increase in the number of

recognized species, if only by elevating subspecies to species.
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The designation of subspecies is a taxonomic tradition that has been brought into
question under several species concepts. A subspecies can be defined as “a recognizably
different population...that occupies a different geographic area from other populations of
the same species” (Futuyma 1998); however, problems arise when attempting to
differentiate between a subspecies and a population, which is “a group of conspecific
organisms that occupy a...well defined geographic region and exhibit reproductive
continuity from generation to generation” (Futuyma 1998). Many subspecies are
recognized as morphologically different ecotypes; this use is perpetuated in field guides.
It has been noted that recognition of a subspecies requires as much evidence as for a
species, with the additional assumptions that the lineage may reconnect and interbreed
with the main lineage; although it is convenient to designate subspecies in collections and
field guides, it is difficult to justify a subspecies concept (Frost et al. 1992). One potential
utility of subspecies lies in conservation of locally endemic subspecies which may be
protected under the Endangered Species Act; such geographic variants of a species are
important components of biodiversity (O'Brien and Mayr 1991). From the perspective of
traditional recognition of subspecies as geographic variants or “a genetically distinct set
of populations with a discrete range” (Brown and Lomolino 1998), the short-tailed
shrews in Aransas and Bastrop counties can be recognized as a subspecies.

The two isolated populations of Blarina in Texas certainly warrant subspecies
recognition, and possibly species recognition under strict interpretation of the PSC
(Cracraft 1983). The Texas populations appear to be monophyletic (sensu Hennig 1966)
in that they are more closely related to each other than to other lineages and they appear

to have descended from a common ancestor. Therefore, based on geographic isolation
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and genetic similarity, it is justifiable to separate them into a single Texas endemic
subspecies: Blarina hylophaga plumbea.

Parallels can be drawn between the Texas and Florida subspecies of short-tailed
shrews. Two subspecies inhabit Florida: Blarina carolinensis peninsulae and B.
carolinensis shermani. Despite several concerted efforts, the latter has not been captured
at the type locality in Ft. Myers since the initial type series was collected in 1955 (Layne
1992). Specimens collected in the 1980s are smaller than those in the series collected by
Hamilton (1955), and are postulated intergrades between B. c. shermani and B. c.
peninsulae. Again, because size-based morphological characters are the basis of
classification for these subspecies, clinal variation in size as well as other factors make it
difficult to determine if this subspecies is a relictual isolate of B. brevicauda or a
population of large B. carolinensis. Additionally, because material available for B. c.
shermani is limited to museum specimens, karyotyping is not possible and DNA analyses
have not yet been attempted. This subspecies was extirpated before it could be described;
whether it was a relictual isolate of B. brevicauda or a unique population of B.
carolinensis may be determined using DNA, but the opportunity to conserve this unique
population was lost.

The description of the endemic Texas subspecies Blarina hylophaga plumbea
should be followed with population estimates and characterization of the ecology of these
populations. The isolated populations in Aransas and Bastrop counties, Texas, should be

monitored so that they do not meet the same fate as B. c. shermani.
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APPENDIX 1

Tissue sample and voucher information for individuals of the genus Blarina collected for
this study or used in morphological analyses. All individuals in the Michael Forstner
(MF) tissue catalog are identified with their unique catalog number. Location, collector,
and external measurements may be noted; if cytochrome b was successfully sequenced
for that individual, haplotype is noted (B1, B2, and B3 from Bastrop County, A from
Aransas County, and S for one individual from southern Bastrop County —see Results).
For individuals belonging to the Texas Cooperative Wildlife Collection (TCWC) and
used only for morphological analyses, TCWC number, collection date, sex, and location

are noted.
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MF# Collector # Haplotype Voucher Sex
MF# 4745 |GL 101; RWM 3686 |B1 Skin, skull

MF# 4859 |GL 75; RWM 3683 |B1 Skin, skull

MF# 5356 RWM 3691 GL275 [B1 Skin, skull M
MF# 5375 RWM3693 G374 Skin, skull F
MF# 5376 RWM3692 G373 B1 Skin, skull F
MF# 6156 RWM 3694 B1 Skeleton only U
MF# 6397 RWM 3689; GL300 Skin, skull M
MF# 7497 IRWM 3700 B1 Skin, skull M
MF# 7498 |RWM 3701 B2 Skin, skull F
MF# 8049 RWM 3711 B2 Skin, skull F
MF# 8050 [RWM 3712 B1 Skin, skull F
MF# 8051 RWM 3713 B1 Skin, skull F
MF# 8052 RWM 3714 B1 Skin, skull M
MF# 8053 RWM 3716 B1 Skin, skull M
MF# 8054 RWM 3717 B2 Skin, skull F
MF# 8055 RWM 3718 B1 Skin, skull F
MF# 8057 |RWM 3715 Skin, skuill M
MF# 8224 |RWM 3720 B1 Skin, skull F
MF# 8225 |RWM 3721 Skin, skull M
MF# 8226 |RWM 3722 Skin, skull F
MF# 8227 RWM 3723 Skeleton

MF# 8228 |RWM 3724 Skeleton

MF# 8230 |RWM 3675 Skin, skull

MF# 8231 RWM 3725 A F
MF# 8741 Released alive U
MF# 8801 |RWM 3726 A Skin, skull U
MF# 8802 RWM 3727 A Skin, skull M
MF# 8803 RWM 3728 B2 Skin, skull M
MF#9156 |RWM#3729 Skel. only F
MF#9157 [RWM#3730 B1 Skin, skull Juv M
MF#9158 |RWM#3731 B3 Skin, skull M
MF#9159 |RWM#3732 Skel. only U
MF#9238 |Yantis

MF#9239 [Yantis

MF#9240 |[Yantis
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MF#

Collector #

Haplotype

Voucher

Sex

MF#9241

Yantis

MF#9242

Yantis

MF#9243

Yantis

MF#9268

TCWC#1541

Skin, skull

MF#9269

TCWC#1542

B1

Skin, skull

MF#9270

TCWC#30395

Skin, skull

MF#9271

TCWC#30396

Skin, skull

MF#9272

TCWC#31833

Skin, skeleton

MF#9273

TCWC#31834

Skin, skeleton

MF#9274

TCWC#31835

Skin, skeleton

MF#9275

TCWC#31836

Skin, skeleton

MF#9276

TCWC#31837

Skin, skull

TCWC#51207

Skull, alcohol specimen

TCWC#51208

Skin, Skull

TCWC#51209

Skeleton

TCWC#51797

Skin, skeleton

TCWC#27628

TCWC#33360

TCWC#34970

TCWC#34971

TCWC#33359

TCWC#33361

TCWC#50138

TCWC#50143

TCWC#50131

TCWC#50132

TCWC#50133

TCWC#50134

TCWC#33351

TCWC#34952

TCWC#34956

TCWC#33337

TCWC#33355
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MF# Location

MF# 4745 Griffith League Ranch

MF# 4859 Griffith League Ranch

MF# 5356 Griffith League Ranch

MF# 5375 Griffith League Ranch

MF# 5376 Griffith League Ranch

MF# 6156 Gnffith League Ranch

MF# 6397 Griffith League Ranch

MF# 7497 Gnffith League Ranch

MF# 7498 Griffith League Ranch 10-2

MF# 8049 Line 14, Gnffith League

MF# 8050 Bucket 5-1, Griffith League

MF# 8051 Line 13, Griffith League

MF# 8052 Bucket 12-2, Griffith League

MF# 8053 Griffith League

MF# 8054 Griffith League

MF# 8055 Griffith League

MF# 8057 10 miles west of Smithville

MF# 8224 Gnffith League Ranch; 16-1

MF# 8225 Griffith League Ranch; 16-E

MF# 8226 Gniffith League Ranch

MF# 8227 # 8

MF# 8228 Griffith League Ranch

MF# 8230 Aransas National Wildlife Refuge
MF# 8231 Aransas National Wildlife Refuge
MF# 8741 Griffith League bucket B-S

MF# 8801 Aransas NWR, Stinson's trap in U-20
MF# 8802 Aransas NWR, trap in open motte by rocky spot
MF# 8803 Griffith League Ranch trap 14-1
MF#9156 Griffith League Ranch 12-3
MF#9157 Griffith League Ranch A-W
MF#9158 Griffith League Ranch V20 bucket 1
MF#9159 Gnffith League Ranch

MF#9238

MF#9239 14 mi. E. center of Palestine. 31 deg. 41' N, 95 deg. 23' W

MF#9240

59



ME#

Location

MF#9241

12 mi. NNW center of Ratcliff, 31deg.33"' N, 95deg 9' W

MF#9242

12 mi NE center of Crockett, 31 deg 24' N, 95 deg 17' W

MF#9243

20 mi SE center of Palestine 31 deg 39'N, 95 deg 19' W

MF#9268

Aransas National Wildlife Refuge

MF#9269

Aransas Refuge, near Dagger Point

MF#9270

Aransas National Wildlife Refuge

MF#9271

Aransas National Wildlife Refuge

MF#9272

Aransas National Wildlife Refuge

MF#9273

Aransas National Wildlife Refuge

MF#9274

Aransas National Wildlife Refuge

MF#9275

Aransas National Wildlife Refuge

MF#9276

Aransas National Wildlife Refuge

TCWC#51207

ca 2 mi. E Bastrop (county seat), 30deg7'N, 97deg16'W

TCWC#51208

ca 2 mi. E Bastrop (county seat), 30deg7'N, 97deg16'W

TCWC#51209

ca 2 mi. E Bastrop (county seat), 30deg7'N, 97deg16'W

TCWC#51797

ca 2 mi. E Bastrop (county seat), 30deg7'N, 97deg16'W

TCWC#27628

TCWC#33360

TCWC#34970

TCWC#34971

TCWC#33359

TCWC#33361

TCWC#50138

TCWC#50143

TCWC#50131

TCWC#50132

TCWC#50133

TCWC#50134

TCWC#33351

TCWC#34952

TCWC#34956

TCWC#33337

TCWC#33355
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Collection

MF# County [State |date Tissue type
MF# 4745 Bastrop [TX 4/22/01 skeletal muscle
MF# 4859 Bastrop [TX 4/13/01 skeletal muscle
MF# 5356 Bastrop [TX 5/25/01 skeletal muscle
MF# 5375 Bastrop [TX 7/2/01 skeletal muscle
MF# 5376 Bastrop [TX 7/2/01 skeletal muscle
MF# 6156 Bastrop (TX 7/10/01 skeletal muscle
MF# 6397 Bastrop |TX 5/7/01 skeletal muscle
MF# 7497 Bastrop [TX 7/10/02 Heart and skeletal muscle
MF# 7498 Bastrop [TX 7/10/02 Heart and skeletal muscle
MF# 8049 Bastrop [TX 1/11/03 Skeletal muscle and heart
MF# 8050 Bastrop [TX 1/27/03 Skeletal muscle and heart
MF# 8051 Bastrop [TX 1/11/03 Skeletal muscle and heart
MF# 8052 Bastrop [TX 1/26/03 Skeletal muscle and heart
MF# 8053 Bastrop [TX unknown Skeletal muscle and heart
MF# 8054 Bastrop [TX unknown Skeletal muscle and heart
MF# 8055 Bastrop [TX unknown Skeletal muscle and heart
MF# 8057 Bastrop (TX 2/2/03 no eyelids; skel muscle, heart
MF# 8224 Bastrop [TX 5/12/03 heart and sk. muscle
MF# 8225 Bastrop |TX 6/4/03 heart and sk. muscle
MF# 8226 Bastrop [TX 6/4/03 heart and sk. muscle
MF# 8227 ? ? ? heart and sk. muscle
MF# 8228 Bastrop [TX 5/18/03 heart and sk. muscle
MF# 8230 Aransas |TX 12/3/00 Vertebrae off study specimen

Heart and skel muscle; 1st
MF# 8231 Aransas {TX 6/12/03 array
MF# 8741 Bastrop [TX 6/18/03 blood
MF# 8801 Aransas |TX 6/13/03 Muscle
MF# 8802 Aransas |TX 6/25/03 Muscle, heart, liver
MF# 8803 Bastrop [TX 7/4/03 Muscle, heart, liver
MF#9156 Bastrop [TX 5/21/03 Muscle, heart, liver
MF#9157 Bastrop |TX 6/14/03 Muscle, heart, liver
MF#9158 Bastrop [TX 6/21/03 Muscle, heart, liver
MF#9159 Bastrop {TX Muscle, heart, liver
MF#9238 tooth
MF#9239 Anderson [TX 6/13/02 Dried skin from skull
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Alcoholic specimen skin/

MF#9240 muscle sample
Alcoholic specimen skin/

MF#9241 Houston |TX 6/5/02 muscle sample
Alcoholic specimen skin/

MF#9242 Houston |TX 5/19/02 muscle sample

MF#9243 Anderson (TX 6/6/02

MF#9268 Aransas [TX 1/13/41 Museum skin clip

MF#9269 Aransas [TX 3/15/41 Museum skin clip

MF#9270 Aransas [TX 1/23/76 Museum skin clip

MF#9271 Aransas [TX 1/24/76 Museum skin clip

MF#9272 Aransas [TX 5/24/76 Museum skin clip

MF#9273 Aransas [TX 5/22/76 Museum skin clip

MF#9274 Aransas [TX 7/25/76 Museum skin chp

MF#9275 Aransas [TX 6/18/76 Museum skin clip

MF#9276 Aransas |[TX 6/18/76 Museum skin clip

TCWC#51207 | Bastrop {TX 3/25/89

TCWC#51208 | Bastrop |TX 3/27/90

TCWC#51209 | Bastrop [TX 7/25/90

TCWC#51797 | Bastrop |[TX Jun-91

TCWC#27628 |Newton [TX 4/10/74

TCWC#33360 |[Tyler X 1/12/78

TCWC#34970 [Tyler TX 1/6/79

TCWC#34971 ([Tyler TX 1/7/79

TCWC#33359 [Tyler TX 1/12/78

TCWC#33361 [Tyler TX 2/11/78

TCWC#50138 |Geary KS 6/24/86

TCWC#50143 |Geary KS 6/30/86

TCWC#50131 |Geary KS 6/23/86

TCWC#50132 |Geary KS 6/23/86

TCWC#50133 |Geary KS 6/23/86

TCWC#50134 |Geary KS 6/23/86

TCWC#33351 [Tyler TX 1/5/78

TCWC#34952 |Hardin TX 1/28/79

TCWC#34956 |Hardin TX 1/28/79

TCWC#33337 |Hardin X 1/12/78

TCWC#33355 [Tyler X 1/7/78




MF# Collector Total L. |Tail L.HF Weight
MF# 4745 unknown

MF# 4859 unknown

MF# 5356 unknown 94 20 1218.2
MF# 5375 unknown 80 20 1116.1
MF# 5376 unknown 92 21 12(7.4
MF# 6156 unknown 90 21 1216.2
MF# 6397 unknown 90 20 128
MF# 7497 unknown 88 18 118
MF# 7498 unknown 94 21 11(7.5
MF# 8049 unknown

MF# 8050 unknown 6.9 9
MF# 8051 unknown 579
MF# 8052 unknown 10 g
MF# 8053 unknown

MF# 8054 unknown

MF# 8055 unknown

MF# 8057 TR Simpson

MF# 8224 Todd Swannack 84 17 12

MF# 8225 Todd Swannack 91 18 12

MF# 8226 Todd Swannack 80 17 12

MF# 8227 Todd Swannack 20 21 13

MF# 8228 Todd Swannack

MF# 8230 Richard W, Manning

MF# 8231 S. Morris 88 18 13

MF# 8741 S. Morris

MF# 8801 S.Morris

MF# 8802 S. Morris 83 18 12

MF# 8803 T.Swannack 83 18 11
MF#9156 S. Morris 86 19 1316.2
MF#9157 S. Morris 80 17 1215.4
MF#9158 S. Morris 89 18 121]5.6
MF#9159 S. Morris

MF#9238 Jim Yantis

MF#9239 Jim Yantis
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MF# Collector Total L.|Tail L.|HF|Weight
MF#9240 Jim Yantis

MF#9241 Jim Yantis

MF#9242 Jim Yantis

MF#9243 Jim Yantis

MF#9268 Stevenson, J.

MF#9269 Davis, W.B.

MF#9270 R.A. Sparks

MF#9271 R.A. Sparks

MF#9272 W. Brown

MF#9273 W. Brown

MF#9274 W. Brown

MF#9275 W. Brown

MF#9276 R.A. Sparks
TCWC#51207 |J.R. Dixon and J. Godwin
TCWC#51208 [N. Dronen and Scarbrough
TCWC#51209 |N. Dronen and Scarbrough
TCWC#51797 |G. Baumgardner
TCWC#27628

TCWC#33360

TCWC#34970

TCWC#34971

TCWC#33359

TCWC#33361

TCWC#50138

TCWC#50143

TCWC#50131

TCWC#50132

TCWC#50133

TCWC#50134

TCWC#33351

TCWC#34952

TCWC#34956

TCWC#33337

TCWC#33355
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APPENDIX 2

Final alignment of 1140 nucleotides of cytochrome b for 61 individuals used in
phylogenetic analyses in this study. Rows are taxa, columns are nucleotide positions as
numbered in column headings. Specimens from Texas have unique numbers as
catalogued in the Michael Forstner (MF) tissue catalog (Appendix 1). Thirty-eight
sequences downloaded from GenBank are designated using the last two digits of the
GenBank accession number, an abbreviated species name (B.hyl= Blarina hylophaga,
B.car= B. carolinensis, B.bre= B. brevicauda, Cryptotis= Cryptotis parva, Sorex= Sorex
cinereus), and either a two-letter state code for U.S. specimens or a complete province

name for Canadian specimens.
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........ Citeevnasansesssssssesessssscsscsacssssannnas
...... B
...... N
........ Citeteneeacansottsaasesseansancassacscansans
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MF4745 CTAGCCATACATTACACATCAGACACAGTAACTGCCTTTTCATCTGTCAC
MEA859 it eecessseessssssssssecesssanessaacnsossnn s nn
MEB356 it ieesecessasecssssssessecanscsnnas crsssecssssennns
MF5376 it eeessescessescesssecessasenenssesssessaseccnsonn .
MF6l156 = aieee.. teseeesssecessassscsscseeneseans cessseennas
ME6397 it eeessesssaseasenssssstsssscescannnsesacnsnanne
META97 it eeessstsessssesnsssecsssennns teeseesssseenssane
MF7498 it eeecssscscesaccansasserrsssensssnan o teseannan
MF8049 = iieeeees ceeesesssaascasssessancenssans cesseeaansaaa
MF8050  iieee... tessesastesesac st ecetanansesssosass e rans
MF805L1 = iieeeessacessssssssssccscsacnssesanosassensnsssnons
MFB8052 = it eesecsssessassecssscssessssenessscnnnnse ceesecaasa
MF8053  ieeeesnss ceetessessassssecassssasnsessnnn seesccsnns
MF8054 = iieeeeenens taeessessest st st atsssarnssatsosnsaeens
MF8055 = iieesesseecsssecasssesenesccecsstsnrsesnecesoannons
MF8224 = i ieassesesesssncsssssssasssasressaannse Ceeresaane
MF8802.A = iiieecnans ceecncssasesrst et scensnsnnns veseCainnn
MF8231.A = iiseeens Cesecscrecaces st essaacenrssanennsne Covane
MF8801.A = iieeeeen ceveeesesesassssencsascetasseanononus Covenn
MF8803  iieeees teecessasneaes st et ssaacsasanasssseanaannnen
1 B .
MEB057 = iiieeeessssesesssansssesssesssnssscecn s cssessasacs
MFI158 = i eeieiiececnanns ceseressssssssssseenna cssecssnnaas
75.B.hyl.NB = ...... Ceseessssacssesssessecetass e st oo st aanasanns
76.B.hyl.NB ....... et aeearneeecetetetaeaaa e e e
78.B.hyl.NB = ittt teeeecnocensscacsnanancennsosssonsescnans tesanan
80.B.hyl.NB = ittt eenseesacasossnsscsocnsocsns esssessesssas
81.B.hyl.NB = ........ eeseneYieiarsatectcasanerosssacsssnesansas
82.B.hyl.KS = iiiieasescans Yeeereaonnoaeeannnaananns cerescacans
77.B.hyl. XS = et ceeesessssessstescases s e sessanns
79.B.hyl.NB = titierieocnccnsonnas ceesessecsnsaccscasnsenn ceeess
70.B.bre.NH = it eeecccnns Tecerancncone Croveosnnansoscnncossenns
71.B.bre.NH = .iciieeecnanns Teenwessasnsee Cuitvieeceooonoococnnooannnns
73.B.bre. VA = tiieecrsnnsoss e Cuitenenenencocnnnnnnans .
74.B.bre. VA = tiieeerrassnse Teereo ceeseeCancncncsrssenccocnans ceee
67.B.bre.KY = L..iiieccccecccns Peceeonsansna Coveernnssnanncnsnns cres
69.B.bre.OH .. ..iieeeccacns Teeeoonncnce Cevecosnnannnnons cevsenn
68.B.bre.KY = ..iieeccciccens L CAC.vesvoccanosnos esvenns
72.B.bre.OH = .icicieieceencces Teeeernonnne Ciceesantnncosnncnasnsne
6l.B.bre.NB = ..iceccennes evToesessonons Cevsetnanonsanososnssoce
62.B.bre.Manitoba ...cccccccnnes L eeesCuitiinnnnens tesenunee ceee
63.B.bre.Manitoba ... cccicncennn Tenene ceeeeeCuiiinnennns ceeeeaas cesan
64.B.bre.NB = ...i.ceecccnnnse Teeeoo eeerseCecreecncconnncsns cesvve
65.B.bre.NB = .. cecccciecenn Peeosansnaass Clicscesncs cesucons seana
66 .B.bre.TA = (iieicieccoscees b Coveenonnse seescteanne .o
55.B.car.LA = L.sieeces Geveno TeeGeeeooannn Aiesvoesssoarssnsesocnsans
56.B.car.Ark = ... eeen Gooene b L € 2 eee
57.B.car.LA = s..ece... Guovene TeeGeoeornenn Aieiveseassssssssnsnsns
58.B.car.IL seess e [ P T..Geeeaananse Aieeececnossssnses cecee
53.B.car.FLL. = ticceseacccssnsnss Covroenenn At reesssssacnccnsnns .
54.B.car.PLL. = Liecciiteconncens Coovooncas Aiieeeecnaasassssnssans
59.B.car.Ark = ... ceen Gevere TeeGovenwenonn Attt ieseossosssssssnnanse
60.B.car.IL. = .+.i.eeces Gieooo b L Aivivenecas esssescesnss .
49.B.car.GA = L.eieeeens Govure TeeGueoooonosne Aiiieenanne Civesenvonas
50.B.car.GA = i.ieceeen Geveoo R e Civevoonnnase
51.B.car.VA = L..eeeen. Geeeno L e Civenn eseeas
52.B.car.VA teeesass Geveno A 4 Coveresonnna
85.S0rex 0 ... Aceess CeeTeeGeveeoenssAiioCunens CovvesBAoinnen
86.Sorex = iaees A.ceus CoeTeeGuevenennnn AveeeCuinnns CovewsAivnnn
84 .Cryptotis cesseseetsenns TeweeeTevenee A....C..T..Cevevnenn JA..

83.Cryptotis Cerreeeeeeeaan Tevun. Teveren Ac.vCuuTeuCuonnnnn ..A..



210 220 230 240 250
MF4745 CCATATTTGCCGAGACGTTAATTACGGTTGACTGATCCGCTATCTACACG
ME4859 00 it s s ssss s st cs st s esssssbssssssss0acsacsasscacssnas
MEB356 e iesessesesaasesessesesatas e s s ssassesessanasaans
MES5376 i e e eessracsesscsesesacscsaacanns teteetssesaacnaaan
MEG156 ittt eisssessesecsscssecscsaccansannns ceeesassaenes
MEB397 it i eeeeessetsesresesascenctssesesass et ensasaseanenn
MF7497 ceeensecesesassees e st aaassaas cesecaaan ceccesaaaas
ME7498  ieesesasenn cresssssesenaan ceeteerseseasssssassssnn
MF8049 L. Cieessseessssecenssecnnsnn ctedesscacaceaaans
MEFBO050 e et sssesssssatessssaneessces e s s s e sttt eaasaens
MEBO5L i i i et ecens s et e acstcasa st e st et tsaaneeanoeas
MFBO052 i e et ecesesssaatessascesesacas s et s enr st e nnsssans
MEB053 i iieesssasesssesersassesssseaatsc ettt osaccesaanens
MEBOB54 i i eeeeesesssacsesssatecetseasrstenanrsseannst s
MF8055 = iiiiseesseranee cereeaaas ttesessseceeassteanncsneas
MF8224 = iiiesasenes treesreceesseasesaessessats st easesanaan
MF8802.2 ... Ceveenronnnnsns Cevenrennnsssesnsnssscsssnsans
MF8231.A = ceeese Civivoannannnns Ceveosnnnnnssnons ceeceesansee
MF8801.A  L..e.s Chrivenorennssons G sttt tutssssscssssssssnsnaans
MEB8803  ie et eesesssssssceessassesssaannssscanansseearnann
MF9157 = iieieeennan B, theiessscesea st et assans
MEBOD57 it eeeesassesessssesastests st st seacctetasaannsann
MF9158 L. e rseeessessesss st ecsasseanssaann Cessencssssans
75.B.hyl.NB = ..ceieie.n. ceeseassaan Civiaen cieeetssssesasssnaanes
76 .B.hyl.NB = .......... sreee e S
78.B.hyl.NB et teeeerecaeeeaaaa Covenenns Creeeeeaaas e .
80.B.hyl.NB = itieeieensseceasoacanss Cerieeeenncnsononsosannsaasns
81.B.hyl.NB = it tieeeesececnsansonennnas Chectseeesectecaetoaannn
82.B.hyl.KS = iiiiiiiiiniaennns O
77.B.hyl.KS = ittt tersrsreeneas Ceeenneeonansennsnassannnaanns
79.B.hYL.NB  teiiienecieccsranenns Cavnnennnoesennseeannoenannss
70.B.bre.NH eeeCovennnns Gevowo Civennn seeeess el it iiitiensenns
71.B.bre.NH vesCiinnnnen Gevaas Civennennnnns B ceenes
73.B.bre.VA eeeCrivuinnnee G.ooowo Cessesnsansnaanas -
74 .B.bre.VA P GrirveeeCovieennnncnnne D+
67.B.bre.KY R Croveneeennaanase At ieeeeoncacsannns
69.B.bre.OH sesConnn D BAeeeeeensscnsanas
68.B.bre.KY R e Cuovenesensonnna A, iecnscass Teaoos
72.B.bre.OH veeCuinnnnnnn [C N Cuovervnnnnnnnns B ieecrsresanansse
61.B.bre.NB vesCanonnnnns R & ¢ Aieeeresnaan ceeee
62.B.bre.Manitoba B Covennann O
63.B.bre.Manitoba O Civinnnns Civenn Ateieeeeonnscannnns
64.B.bre.NB sesConnen P & o N N T
65.B.bre.NB eseCevncnrncncncans Coveenoans Covenn At eeenesssonnnsne
66.B.bre.IA eesCotevnsenascnns Covennnan Covens 2
55.B.car.lLA ceeCoveeerenesenccncnscnnans CoeGuiverenoreannnnnnnans
56.B.car.Ark 6 O
57.B.car.LA T CoeGevrenonnnoonannnnsns
58.B.car.IL seeCuinieiennsonsnsscsnanans CeeGovennnn cectesrtetane
53.B.car.FL. = +.ceieieees ceesesesesseaaaans [ Geowo
54.B.car.FL = st eitecesscnsssscessancsasans L ¢ Geeww
59.B.car.Ark R CieeGuaveerennnsssannnsas
60.B.car.IL R CoeGuiveevnnnnnsennnnasns
49.B.Ccar.GA = sttt ieesecsssseses cesesanes 6 ¢
50.B.CAr.GA = sieciisscsenssscnnne S ¢ P
51.B.Car.VA = 1ttt eccconssassnsoes ceseaesCanennennn tessseas Gevwo
52.B.car.VA = siieesense Cersieseersansanans Civeesnnnnnnsaans «Gevan
85.S0orex A..Civunn Teveennns A.CiveeeBAiiee Ao C..T..T.
86 .Sorex - P 1 A..C...ns A..ees - c..T..T.
84 .Cryptotis ceeeseCenvencnnnns A..... Teeewanns A..... A...Teve...
83.Cryptotas  ...... Civerennnnne A..... T..... e Al A...Tv.o.n.



260 270 280 290 300

MF4745 CAAACGGCGCATCCATATTTTTCATCTGCTTATTTCTACACGTCGGACGA
MF4859 L.... S ettt ecenceessanancenssssss et asacnennans
MF5356 = it secessstssssscsescsansaans ceeeessseesacenassans
MF5376 f et ceesesecesssnasces st esrssensnsseenees s e s seenn
MF6156 = sieea. ceesceersecsaarteasetssacsrsaccstascs e sans .
ME6397 = di i eeeersssescssscescsssons teecceesssansssssennnsa
MF7497 it eeesesetecassacsnesnanas Ceecesasanasrsssnonsssnn
MF7498 it iiessssecsssesecaresasnss cesresesesesassencenns
MF8049 te et eseeseecestaaasa st e s s ac e s s e st a0 soanes
MF8050  iie... ceesesensaesesesseessscetes s et sse st eneen
MF8051 = sieeeaas te et e sesesesesssasasesac s s s e s sasencsans
MF8052 = fieecescsessseccsssescesasncscsnacscesanocvosennns
MF8053 = iiiescceccssscccscssscccsnes cesessesssaccssseenanse
MF8054 = iiiieseecsssccsssssenessancs teecererasansessasnons
MEB80D55 = iieeiscesscesssacasssassssasesesssesenrassscsaenns
MF8224 e
MF8802.A = s.... camteceseseetens st cesstaasseance s asacenneseans
MF8231.A = tieecesssecssssaccssssnsnns e essectsnassessnannsansn
MrF8801.2 ... 846 s st e e nananes st eesaansanscanssassanens
MF8803 = it eecssssecessssesssseasan cesseesserannan esesenns
MF9157  iieee. S s s abecevsanuaessanssansessanesesanneannioe .
MF8057 = ittt ceeessssesssessssseensanns tesvanas L
MF9158  L.... et easosenentiasseensac st s et o becnasnsancas
75.B.hyl.NB = fiiiiceeeescscsocsccsannans B
76.B.hyl.NB ettt eeeeeeaieeeeaeeaneana CeBuvennennnenencaas .
78.B.hyl.NB ceecesesseesastaassasseesssnn CeBivieeoseoncnnnnans
80.B.hyl.NB = teveenenn et ereeeereeaas SRR o I ¢ S
81.B.hyl.NB = ittt eecnccocsncsnnsanss T 6
82.B.hyl.KS = tiiiiiettecterncssnsaccanan B 6 ¢ .
77.B.hyl.KS seeesessseeccassacessssassanns CeGiveeenrnnnnna cenns
79.B.hyl.NB e bt eeenesecesatetteanrnonns CoGurrnnnnncannn
70.B.bre.NH PR Aceean CoeTeveeeansnnns Covennanans cnson
71.B.bre.NH seeslaceccane A..... CiePocoosoannns Cereenannnncensnas .
73.B.bre.vVA 1 A..ien CoeTivinnennnns Cuoteenrnnnannnns
74 .B.bre.VA erseTenecenns A.viees CoeTeennecnneea Cerrrrennnoncens
67.B.bre.KY eeseTeeanennn Acesen CeeTlrenenncanes Covenescnnan sees
69.B.bre.OH veeeTleunecane A..... CieToaseseasoans Corvenonnonans voae
68.B.bre.KY ceeeTeeeeenns A.eenn CoeTuoeneecannna Ceivennee ceeseans
72.B.bre.OH e A.eees Coelueeeeeononn Covtennnn seesseese
61.B.bre.NB P Aceeen CewTewnenoonnes Ceveoeonansee seeus
62.B.bre.Manitoba R | Aceoen [ Ceveoennnsanncons
63.B.bre.Manitoba R Aceenn CoeTiveeennnnna Chovernccnnonnnas
64.B.bre.NB eeeeTeeeeenns Aceeos CoeTueveeeonosnens Ceveeooonnne teseee
65.B.bre.NB seesTavecaans A..... O
66.B.bre.IA eeeeTiveannes Acviens [ Coveeeoasonncnns
55.B.car.LA = i ecececccccnccces GeeCurevenronnorssennoaasnsoans ceneee
56.B.car.Ark == ieicecececccescsncse R
57.B.car.LA cercssscssersrean GeeCooeensnocncncconscnocnsnsna veeseene
58.B.car.IL seesesvesnansness GeeCoovosecvososnsossccsssnoscssasncss
53.B.car.FL = tiieeietersnscnne GeeCuivnnrenconcsccoconnnnanosns seenne
54.B.car.FLL. = .ttt eeccscnnncns T
59.B.car.Ark cececcsascansaas G.eChuiveverveooncoannnnnnnaan ceescencan
60.B.car.IL ceetectaseaneans GesCovnnsneosssnnsssssananse [
49.B.Car.GA = i essescesssecssane Crovreesorsnosnnsnscsanssnsas ceee
50.B.car.GA cssecvtssssacsncasons Ceoveeennonsccncsoannnnns ceeseen
51.B.car.VA seseveeasaccasasans Choveveosnossnnoscacnnan )
52.B.car.VA = it estesccsscacccnes Civeeerovennonnssnssansns cereen
85.Sorex eeseTeeTeeees cesesa [ )
86 .Sorex B P CooTeeTeaeCoeeCuoeTaneennnnas .
84 .Cryptotis D GeuCuivvnnnsnnonnnonns G.oTeeTounanne

83.Cryptotis = ...... Avieeenes GevCuovnvnnennnnnnonns GeeTeuToenens



310 320 330 340 350
MF4745 GGTCTTTACTACGGATCCTATATATTTCTAGAGACATGAAACATTGGTGT
MF4859 Ciressssessessenannnans ceeessscanns ceeeencaas ceeas
MF5356 = aieeens tees et saesassscessnscnnsesann cetaceaaes ceeen
MF5376 treessssesennns et seeensens ceeecaceanns chestesans
MF6156 Ceesessenassenssasanean crecssacanas ceeecenas ceeans
MF6397 ceseesssasaans Ceessesstases st raesseessesacnonannns
MF7497 Cteseeenessesaeatasecesaseesnnsenna ceanaana ceesses
MF7498  L.... ceesetsacanesas sesessassssssnas teesecesnennan
MF8049 feesecesessenan seseecransens tsecsssesssessssenanas
MF8050 ceesseetasset ettt ssccsacetascennonn ceseaana ceeaees
MF8051 ceescersessssaasacanas ceecensescnnas ceresescanne .o
MF8052 ceeeeaennae st s eesssescccesssst s st ess e anscansnanoes
MF8053 i ieseiciesassesnns ceeseeenaanasans ceessenas ceseeana
MF8054 e ceessessesensassateensaesanaannan ceeceaaaas ceena
MF8055  iieeees cereeesacaans cesseassacsnnan cecaeraasecnaes
MF8224 teseessasee ceerssernennns Cteessesesesassanessssnns
MF8802.A freecessssecrssan ceestesrreaeeanns ceetesssaee ceesns
MEFB231.A = it eesessesessessssssesassssesscssnssosnn teceseaan
MF8801.A ceececassenasesans Ceeesesesseestssnessonanaa ceenna
MF8803 ceeceessacaesscstseasssesssss s ceessscasanenns
MF9157 cececsesreettsaasansansans ceesssneas cecsseeanns cees
MF8057  Lee.. csesesrseanesansaan ctesesssesccnssssecnannens
MF9158 ceesccesesseraesansans ceccssatseass sttt assessensoas
75.B.hyl.NB ceeresrseens P - ceseesescesarsstseasasanons
76.B.hyl.NB ceeierieecnnsenas Butrerennnnononeaonannans
78.B.hyl.NB Ceeeeeraesenan [ - ceeeenn
80.B.hyl.NB Ceeeensieeaann GeoBiriteeonnnannaans Cereeaen
81.B.hyl.NB e Tevesssoanasssnns ceeoan
82.B.hyl.KS ciesscessseassnes - Teveanns cesssesnasennae
77.B.hyl. XS (..... D - Ceetsseessssssasssssecnasss
79.B.hyl.NB e eetteerenenes Buveereeeceeannanns Ceeeenaaaes
70.B.bre.NH eeCrvenvsonceesGaaans L 6 L
71.B.bre.NH eeCrvenneen v eGesneeCunans CTueeesBirierannanns ceeasaene
73.B.bre.VA eeCivevnnneenaGaannn L L
74.B.bre.VA eeCuiivnnne seseGiseeeCuanionn CleeeeBiieeaannann ceeseae
67.B.bre.KY eeChitvenneennns G.vvoww Civenn CTl.eeeBieeannnncnana ce e
69.B.bre.OH eeCuovvenonnnns Gevenn Covonn CTleieeAi it teenansacsnsas
68.B.bre.KY eeCeveencecens Goesoo Civene CTl.eecBAriittesncasansnns .o
72.B.bre.OH eeCeveencennce Govone O 1 L
61.B.bre.NB PO I ¢ PP CoveesChiveeBiteeesscnscncnnas
62.B.bre.Manitoba P P ¢ P CiveeeCTlrieeeBAirieeccaoansccnnnne
63.B.bre.Manitoba ceCivveenneeaeGaeaaConns CTeveeBAiienroannaa sesane
64.B.bre.NB P O ¢ S CTl.eeeAieeeneans sesecensa
65.B.bre.NB N [¢ I Coveewen [ L
66.B.bre.IA eeCevvoenccnne Geeewo Covienn [
55.B.car.LA ceChivennonanns Gevrwo Civenn Cleeeeass cesesenessssans
56.B.car.Ark ceCivenennnns R C P o O ceeseee
57.B.car.LA P I ¢ P CoeeeeCTC e eeoensscsossncnsnnse
58.B.car.IL eeChrveccnnnnnas Gesona Cevienn CTevennns teeseascrassans
53.B.car.FL eeCrivecencceesGeves.Cunss eT.Geverncooocanns ceeses
54.B.car.FL eeCuitvvenceeaeaGiveeaeConnnnn L €
59.B.car.Ark ceChivenecncans Gevaoo Coevenn CT.ivennas cesseennnas cees
60.B.car.IL TR S ¢ S & 5 ceseenns
49.B.car.GA eeCuivevonssnnnsnanans [ 5 L cesene
50.B.car.GA esCevensresessnannes CoveeaCliGuveeenneosoasaconanns
51.B.car.VA eeCuiveenconnnnse ceeeesCoienn CT.G.vuww cesserssacaccons
52.B.car.VA eeCivennnenns B & CT.G..... ceessesasacanan
85.Sorex P e P sseCuivassBiceesneesaCi.AL,
86.S0rex = ceees CovTaveensesAonnsn T & .C..A..
84.Cryptotis O PN T.oues.G.o
83.Cryptotis T o 4 - TeoesoG..



MF4745
MF4859
MF5356
MF5376
MF6156
MF6397
MF7497
MF7498
MF8049
MF8050
MF8051
MF8052
MF8053
MF8054
MF8055
MF8224
MF8802.A
MF8231.A
MF8801.A
MF8803
MF9157
MF8057
MF9158
75.B.hyl.NB
76.B.hyl.NB
78.B.hyl.NB
80.B.hyl.NB
81.B.hyl.NB
82.B.hyl.KS
77.B.hyl.KS
79.B.hyl.NB
70.B.bre.NH
71.B.bre.NH
73.B.bre.VA
74.B.bre.VA
67.B.bre.KY
69.B.bre.OH
68.B.bre.KY
72.B.bre.OH
61.B.bre.NB
62.B.bre.Manitoba
63.B.bre.Manitoba
64.B.bre.NB
65.B.bre.NB
66.B.bre.IA
55.B.car.LA
56.B.car.Ark
57.B.car.LA
58.B.car.IL
53.B.car.FL
54.B.car.FL
59.B.car.Ark
60.B.car.IL
49.B.car.GA
50.B.car.GA
51.B.car.VA
52.B.car.VA
85.S0orex

86 .Sorex

84 .Cryptotis
83.Cryptotis
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CCTGCTACTATTTGCAGTTATAGCGACTGCCTTTATAGGGTATGTCCTCC
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.................... P L
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........................ Y & PP
tesaane ceercccncactanans A Ceeenn T
............ CiveesCeneeeTerienenncenanseedlen T
............ CeveeeCeneeelerncncoecenscaseeCacca.Te
........................ TeveeossvoeonsenaaaCoanan T
...... ceveassesscssnsssslertccesccanscassacCoaneasTe

edAl i i i T LoeroT
P PN D PN Ceeven T
cecBAi ittt e i e R C.eoee.T
ceeRAiiiiccterecstnoenaan Cittnnieereeennnns C.....T
A..A...T....C..... Ac.oe P C..A..T.
A..A...T....C..... AceeeeBAiiieetcoeaanaas ..C..A..T.
T.A..CTeu.Cutns Aceene Teeeeeeeaeonnne A.ceCevenenne
.T.A..CT....C..... A..... I A.uCovvennn
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MF4745
MF4859
MF5356
MF5376
MF6156
MF6397
MF7497
MF7498
MF8049
MF8050
MF8051
MF8052
MF8053
MF8054
MF8055
MF8224
MF8802.A
MF8231.A
MF8801.A
MF8803
MF9157
MF8057
MF9158
75.B.hyl.NB
76.B.hyl.NB
78.B.hyl.NB
80.B.hyl.NB
81.B.hyl.NB
82.B.hyl.KS
77.B.hyl.RS
79.B.hyl.NB
70.B.bre.NH
71.B.bre.NH
73.B.bre.vVaA
74 .B.bre.VA
67.B.bre.KY
69.B.bre.OH
68.B.bre.KY
72.B.bre.OH
61.B.bre.NB

62.B.bre.Manitoba
63.B.bre.Manitoba

64.B.bre.NB

65.B.bre.NB

66.B.bre.IA

55.B.car.LA

56 .B.car.Ark
57.B.car.LA

58.B.car.IL

53.B.car.FL

54.B.car.FL

59.B.car.Ark
60.B.car.IL

49.B.car.GA

50.B.car.GA

51.B.car.VA

52.B.car.VA

85.Sorex

86 .Sorex

84 .Cryptotis
83.Cryptotis

410 420 430 440 450

CATGAGGACAAATGTCATTCTGAGGTGCCACAGTCATTACCAACCTACTC

teeeestenessseerasesnrs e aan ceecsvenscans ceeGoan
.......... TSP ¢ F
.......... PP ¢ PP
..... T N T
e G...
.......... I ¢ e
............... P ¢ PP
Ceeeeseccseseateasrtaseaans cesesssescseanne ceeeGan

tertectesvsntsneraseseaansane i c..T...T.....

............. cevscasssesscssscsssesesCe T Toenen
.................... T
ceecseaees csesesssecssaans teersenaans Civeennnnnnns
Ceescerreessesssasrsassensnsanrenr s Coveennnnnae .
..... T &
........... e
.......... N &N
veeeectecrsernas ctesrecserseaaessarnas Ceveeennnnen .
.......... cevsscesassaccscrssccnsssssesCivucenncccan
tecetseccnesssreersesaaennsans cesracaas Covvennnnnnns
cssecsessrenraas RN Cevenrnennanns
.......... seessescccssccssessescnssssssCovecnnnanens
Ceeseseene censsane teessnnae cesseaas eeCevienencennn

tesesseesennnan TeeieveeAvAreeeenes vedAl . Teu A
.......... O U L I PP WP | Y
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460 470 480 490 500
MF4745 TCAGCCATCCCTTATATTGGATCCGACCTTGTCCAATGAATCTGAGGTGG
MFAB59 i it eescecsenrecieasactsessessassesansenssenns ceene
MF5356 teetesesesseseestecetcassscatates st reaennnanns .o
MF5376 teseccsssstasssssesssesasnssans ceeseteseennnnanns .o
MF6156 e reesec et e sstsees st eesasansate e et ees s nonnns
MF6397 = iiieennas cresenaaaena teesesscescesctseesnnennecnnn
MF7497 = i iieessseserasecans Ceessracesennes ceseasssteccsaans
MF7498 ceestaersesntreens ceestcsrtesesesssanann cesessaaaans
MF8049 Cetecraersreassaenana ceceeenas ceescescesnansnsanan
MF8050 cereenanes te s tecsesscstasecsatso s atrscananenns .
MF8051 = iiieessseaecas ceeeesssseessssssessasanes s aacan s
MF8052 et ecessssctaresteaassstanssnan ceeccesssereeanns .
MF8053 teeseseseessseestsetcestt et asere et nnona ceaea
MF8054 = iieeeeaas teesearecesescessernesaannnas seessesseans
MF8055 ceessersesnasaennns cecasesenns cerserscessennnnn .
MF8224 = iieeeeess teseesesnencsnaan cetcesatsseescestesennnns
MF8802.A = ticesssaess ceeaenn seetserencnanans ceeaas ceeeGaiaann
MF8231.A ciereesasssactenes ceerssseneces Y ¢
MF8801.A 6 8646588080880 ssssass st tassasssessssassansns Geveaw
MF8803 = iiieesens thsessessssesasaas cestestsecsestsscnnnnnn
MF9157 = iiieeanean ceareanenaes ceesssecsassaaas seseesssaans
MF8057 teecessesseesanen cereetreaacas ceescetsceenccasannas
MF9158 teeessesecnsscenrssesenrstanan Ceeecrstasensneanns .
75.B.hyl.NB .. ieeeeen ctesscsssanosssana ceeetseenscssaanae (¢
76 .B.hyl.NB = ..i.sieeens eeeeeaan A ¢ P
78.B.hyl.NB teecsnsssenaseann ceertesenacan ceerctarnaesas G..vow
80.B.hyl.NB te e s e esses sttt sccns et ces s asesc e naennoenn Geeenn
81.B.hyl.NB  everevens Crerereiaeanaaan R eeGuerrnn
82.B.hyl.KS = tiiiieseserercceasnaens P LI ¢ S
77.B.hyl.KS ceeceessssanassnns ceertescanas cesstessennnes Givoowo
79.B.hyl.NB ce et e sseeessacestasecsactaataas e anns G..ovo
70.B.bre.NH = ..... TeveeeCoaCuaavennn B L ceeenaas
71L.B.bre.NH = ..... T |
73.B.bre.VA D o o P ceees
74.B.bre.VA veseosTeaseseCoeCuivnnnnsn Teeesnn ee e ceesosvsoncsoncns
67.B.bre.KY L Tevens eeeTeeiennneansasnona
69.B.bre.OH = ..... L L B | 1
68.B.bre.KY = ..... Teeeno Covneenns eoeTeeens eoTeeeersnancnssnans
72.B.bre.OH vesesTeeeeeCoCunnnncen Teeenanes I .
6l.B.bre.NB = ..... TeeesaConnnnnn D
62.B.bre.Manitoba  ..... TeeaeeConunns eeeesTavnan. celeeuesannncnnas .
63.B.bre.Manitoba A L C..
64.B.bre.NB = ..... TeeeeeCuovunnnan B
65.B.bre.NB = ..... Teeese Coveeecnnces Teeeoccos 1
66.B.bre. 12 ..... Teeeno Covinnnnne Y
55.B.car.LA = s.icecesccscccccccccncns R G..C..
56.B.car.Ark = t.iiecesseseccccsases eseTenenns eeTieeeeeseensG..Chu
57.B.car.LA st s eesessesssessncasnns | G..C..
58.B.car.IL et s cdsssasssessssssanas Toceens O G..C..
53.B.car.FL. = ..... Teeeennennsosnnae R B cC..
54.B.car.FL. =~ ..... i i A L Y o
59.B.car.Ark ceseenesnesesesensannnse B G..C..
60.B.car.IL. = ...... cesseeensean | | G..C..
49,B.car.GA = tiieeessas O 1 .
50.B.car.GA tieersessssnessssens ceeoeeTeieenns e et ciesneanns C..
51.B.car.VA = .ttt eesoncsaconenans Y ¢ S
52.B.car.VA = t.iieesees sesesasssesaas P P
85.S0rex 0 ... A.....C..C..... D R < -V C .
86.S0rex 0 ceees A.....C.C.u. TeeBee TR AGeiveesvococencans
84.Cryptotis ceresBiieetatontanoaans TeeeTeBeeTeernoennnnananann
83.Cryptotis O S P | - QR ceesesae



MF4745
MF4859
MF5356
MF5376
MF6156

" MF6397
MF7497
MF7498
MF8049
MF8050
MF8051
MF8052
MF8053
MF8054
MF8055
MF8224
MF8802.A
MF8231.A
MF8801.A
MF8803
MF9157
MF8057
MF9158
75.B.hyl.NB
76.B.hyl.NB
78.B.hyl.NB
80.B.hyl.NB
81.B.hyl.NB
82.B.hyl.XS
77.B.hyl.KS
79.B.hyl.NB
70.B.bre.NH
71.B.bre.NH
73.B.bre.VA
74.B.bre.VA
67.B.bre.KY
69.B.bre.OH
68.B.bre.KY
72.B.bre.OH
61.B.bre.NB
62.B.bre.Manitoba
63.B.bre.Manitoba
64.B.bre.NB
65.B.bre.NB
66.B.bre.IA
55.B.car.LA
56 .B.car.Ark
57.B.car.LA
58.B.car.IL
53.B.car.FL
54.B.car.FL
59.B.car.Ark
60.B.car.IL
49 .B.car.GA
50.B.car.GA
51.B.car.VA
52.B.car.VA
85.Sorex

86 .Sorex

84 .Cryptotis
83.Cryptotais

510 520 530 540 550

ATTCTCAGTTGACAAAGCAACTCTTACCCGATTCTTCGCCTTCCACTTCA
...... T e
teecerrscanenns tresecanaas cescenesanans Teeoecennns
csessnssan ctesesesseneress st snnanann T
T cececsescoan PN T.
. PP
e R & cesecoccens

e Covnenn teecaenaan tecetancaane .
A & N Coveenn cessecccana ceesaseanns

GiveeoreeoaCovvevvnovsecnaeeesTereneeeneesTeee..Te
GeveeooseCorvvonnnnnnnans seTiveeeceseeeTeeneess T
Geewro N TeveoenvaeesTeeenee. T
...... TeeAiseeeeaeCodColAL . TeveveveseeeTaneeee.. e
seseseTeeAieseesssC..C. AL T.e. P L L
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MF4745
MF4859
MF5356
MF5376
MF6156
MF6397
MF7497
MF7498
MF8049
MF8050
MF8051
MF8052
MF8053
MF8054
MF8055
MF8224
MF8802.A
MF8231.A
MF8801.A
MF8803
MF9157
MF8057
MF9158
75.B.hyl.NB
76 .B.hyl.NB
78.B.hyl.NB
80.B.hyl.NB
81.B.hyl.NB
82.B.hyl.KS
77.B.hyl.KS
79.B.hyl.NB
70.B.bre.NH
71.B.bre.NH
73.B.bre.VA
74.B.bre.VA
67.B.bre.KY
69.B.bre.OH
68.B.bre.KY
72.B.bre.OH
61.B.bre.NB
62.B.bre.Manitoba
63.B.bre.Manitoba
64.B.bre.NB
65.B.bre.NB
66 .B.bre.IA
55.B.car.LA
56.B.car.Ark
57.B.car.LA
58.B.car.IL
53.B.car.FL
S4.B.car.FL
59.B.car.Ark
60.B.car.IL
49.B.car.GA
50.B.car.GA
51.B.car.VA
52.B.car.VA
85.Sorex
86.Sorex

84 .Cryptotis
83.Cryptotis

560 570 580 590 600

TTCTTCCCTTTGTAATTGCTGCACTAGCCGGAGTACACCTCCTTTTCCTC

cerecesnaraons Geveereennoansasonsosassasssccacsans
teceeancaana P N cectsetecrsatstssetecas
........ I
e ceresesteneennann ceeeeceans
e ceeeeennne
T Ceteceteneennns ceeteseanes
e ceeceecessesceccssssnaanne
e ceeresrenas
N ceesteccacnssenane P

ee..C..T..C..u Covevennn Civiennnne eeresBecieenns .

..... T
.......... Ceveoooenneerseelenrnecntoacecenossnannas
........ ceCeetiennnnnneeelonuinceenencecsncnnennen
T Civvnnnn tesecesesanan PN

.CT.6.....CA.T..C.....C.....A..C..G...ev..n A.....G
.CT.G.....CA.Te.C.veeeCuivee A .C..Goennnne Ac..a G
ceesCiiBAiiiiiessCineadCiuCunnnnens CoeTeeTeoaesTenss
eesColAiiieee.Connns C..Civvunnn CioeTeeTerene T...
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610 620 630 640 650

MF4745 CACGAAACAGGCTCAAACAACCCATCTGGACTATCATCAGACGCTGACAA
MF4859 ... seeccsssasene seeeseseescscsnas seseecscsassscnne
MF5356  L.i.ee.. ceessssstessses st ettt s etesesee s tesennas
MF5376 T Creesecttsaannnn crteestesssenas cene

MF6156 e e teaneataseesrss et actestec e eanestso o s
MF6397 ..., ceeecncaseeneens cecsceccacenn secsecssetsane oo
MF7497 e e e araacasesec et e tanaasssse st vennesner o0 s oo

MF7498 i ieeee.. tecscessanennns teereesanacanna teessesaanan
MF8049 teeetesesaceaassaas teesesccensncans cessassarsaans .o
MF8050 ceeacesansacans seerseaaanaan sesesrsecescannna ceens
MF8051 ceersacaanan seecscresacaun taessessesancsessatsnann
MF8052 = ieeee.. ceeenens T ceeressasssesnnes teesssesens
8 105
MF8054 i i it ciseeessesesstasessesanscnssaascassasnaanns
ME8055 i i iiiiitseessescestceassssesaasstsseancannsoacanos
MF8224 = i iieesesecssecanssescssasasesensscasnasanccescnsans
MF8802.A = tiiecesscessocanssesssacsassasansannas teseacscnraas
MF8231.A ceececsreasecassseans ceecneccaans tesscecssscanans .o
MF8801.A csseersseenesasaans tesessaaas seessseseancenans e
MF8803 sereeraneaaann ceersenennna Ceesteasneennn ceesenanes
MF9157 i seerssscnsencens cesrseenresanns tresseennens
MF8057 = iieeeeeas ceerescnresasaas tresessenssnans ceersnssan
MF9158  L.... ceescesssseccsntsessanensaanns csesccasseans .
75.B.hyl.NB ceernaas Y ¢ ceereseanes
76 .B.hyl.NB = it eeteocsesossacsansanse ceeasesaas Gicreennnanonanna
78.B.hyl.NB secacnsansan A ¢ ceeessesaas
80.B.hyl.NB = ittt eeescsssssnsenassascsnsnansssa Giveoennsnnnnonna
81.B.hyl.NB  ..... Ceeteecestananna Creceaean P c
82.B.hyl.KS ceteercacsana A
77.B.hyl.KS = tiieeess . ceseersanan Gicrreonneannanns
79.B.hyl.NB = ........ tessesssecenaas T ceensen
70.B.bre.NH e ceesearsnns cetesersans
71.B.bre.NH = ..cceens T cessessncens
73.B.bre.VA teesenae T teessecasaas
74.B.bre.VA = iiceiaesen AL ieeeeoosssacsssscassana ceeesccsaaacnn .
67.B.bre.KY ceceascecns Aieeeesnan L O caas e
69.B.bre.OH - N teseennrens
68.B.bre.KY ceseenncans 7 P e ctseseserene
72.B.bre.OH cessans | ceccesccsnss
61.B.bre.NB csercnans T ceesesennes
62.B.bre.Manitoba  ........... ) Teseoasnsonasns seseasnaas ceeeen
63.B.bre.Manitoba  ......i00... - Tevecssaaananas teesecasaaan ceee
64.B.bre.NB = ..iiiceenss Aceens T
65.B.bre.NB = +ieisacccsns Aveieooccns T evssceeassnnsssscasccsnsssonasns
66.B.bre.IA = ........ veeBereeeerslaaeeososssensosacesscnsasanssnns
55.B.car.LA teeeeGaeviaannnaans seesasaens sTereeeeeGueennncnnns
56.B.car.Ark = ..... Geverososossonsannssssnnsaa Teeeoaas Geveeassanns
57.B.car.LA PUPEPRPE ¢ ceccsessccocncesssTeveaces Gevevooononse
58.B.car.IL. = ..... Geveenssonsnsansns cesenens R ¢
53.B.car.FLi = i cesiecsesssssssacsssssansone Teveaosns Geaaao Gevaeae
54.B.car.FL. = (it eseecscssscnsoscnacs P [ PP Geeeoon
59.B.car.Ark [ U L Gieoenssnsas
60.B.car.IL P ¢ ceescccacancen [ L 2,
49.B.car.GA ceecenrescaccccaccsesnconocane e cTeGerreaGoveeeannnons
50.B.CAr.GA = .ttt esecsssssssssssscasssenass B L ¢
51.B.car.VA = it iecesssssascscaassans ceeanss TeGeveeeGovervnononnn
52.B.car.VA = t.i.icees P L ¢ Y ¢ . .
85.S8orex vesssescveseccssscsssssle Al eeeGTeeeneseedAicnns
86 .Sorex cecesveasaaranas [ P ¢ 11 O - W
84 .Cryptotis N TeeeeesesBAieseeGCuvcuessssCo.T..
83.Cryptotis = ........ cecesesesTiaea. cAl.... GCeveeressaeCenTuo



MF4745
MF4859
MF5356
MF5376
MF6156
MF6397
MF7497
MF7498
MF8049
MF8050
MF8051
MF8052
MF8053
MF8054
MF8055
MF8224
MF8802.A
MF8231.A
MF8801.A
MF8803
MF9157
MF8057
MF9158
75.B.hyl.NB
76.B.hyl.NB
78.B.hyl.NB
80.B.hyl.NB
81.B.hyl.NB
82.B.hyl.KS
77.B.hyl.KS
79.B.hyl.NB
70.B.bre.NH
71.B.bre.NH
73.B.bre.VA
74.B.bre.VA
67.B.bre.KY
69.B.bre.OH
68.B.bre.KY
72.B.bre.OH
61.B.bre.NB

62.B.bre.Manitoba
63.B.bre.Manitoba

64 .B.bre.NB
65.B.bre.NB
66.B.bre.IA
55.B.car.LA
56.B.car.Ark
57.B.car.LA
58.B.car.IL
53.B.car.FL
54.B.car.FL
59.B.car.Ark
60.B.car.IL
49.B.car.GA
50.B.car.GA
51.B.car.VA
52.B.car.VA
85.Sorex

86 .Sorex
84.Cryptotis
83.Cryptotis

660 670 680 690 700

AATTCCATTCCACCCATACTATACAATTAAAGACATCCTAGGAGTACTCA
..... A PPN
cesrr et cesesen Geeeeoenreerscoccosonsnnns
cesssecssecen st onnene Gioevrno tesesvssesesssenun
tesenens teeesssersenecns Geeeannow [ ceecensann
ceseenne cessesscncnann [ ceccscccccnscsseacnos T.
ceesens ceesecsssnnanas seeeerssrsssscsasseessannes T.
.......... e
...... L PP & P I
..... B I o SO L

ceeeeresasasanes PR CevrrveernnnneeesCo.. T,

ceeeeeGereannns e veesCol T
...... GeeeeooonaasTeoreneeeCoivinnnnnanannaaaCon T
T CivrevennennnneasC.. T,
A &, C...T.
...... [ L PN & P! L
...... € R P o B 1
T ¢ P GeeToeeeoeesCovvennransacacnns C...T.

..... seesTereeeeeeleceenenaceresaTevreenneeneeeaTe

......... TeveeeensTeveecnereesaesTaniennananasseTe

cresessenseeeraons Teeeeoseene creeccen oo cececen T.
.......... R LN
ceeeneeen A B PN .T.
......... TeoeereeeTeoenesvoeeveasTeoseeeeeenaeasTs
csssseen PP L
cesessessatraraans Teveeeanns seccssessesscanscns .T.
...... P L
treseee ceevevessssTeeetacnssnrcensscssroenanssessle

O P! P & S o+

ceesesceseteaans Covennen B & P, C...C
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710 720 730 740 750

MF4745 TCTTGATCCTAGTACTAACATGCCTAGTACTATTTTCTCCAGACTTACTA
R Y
3 T <
MES376 e e sesasesssessesaseneacasaseseaannesasetecennns
MEG156 i iiieesseeassesisscessensaseears st s acrsstennnasaann
MEG397 i e eessasssaassseacssscsessccantaascasasssevaann
ME7497 it s eeeesreesseassenesscenssacanrtssct et sancenonnon
7 -
MEBO49 i s e eesscecesssssassesnessetnecsssenesanrseansoen
MEBO50 i e et et scecsssenessesecassaacars s st ears st e nn
MF8051 et e it esesesessasessasseessscaaraccctasanen et e s
MEBO0OD52 i eeesesessssssesassecsssecesesans e nnseseas
MEBO53 et esscenssecsesacscecsssecassacacasasacenannens
MFB8054 ittt eccseessassesaassecanasserscccantassanesannnnsn
MEB055 ittt e e sesssesesa st e ss sttt e scennannossans
MF8224 i i i eeesesssssesess s ess st esennneannssseas
MFB8B8U02.A it eeaccssecsssasassecssses et esaannenssaneas
MEB231.A it eeesessecarsceanssscaecsannecssaancnananoosanans
MEB880L1.A = i iseesasessssssssassesssrseecnsacacccscatnsasnean
S 0
0
MEB8O057 it i eieecssacsesssenssasteessssseasacesessancecsaans
MFO9158 i it i it cecsecsesanassccccsstt s nancannnassrseerns
5T = T+ 2 R 2
- = 20 -
78 .B.hyLl.NB = ittt titrecaetsocscasancacnnnseasonnes Covrrecennnnn
B0.B.hyl.NB = it itiiternaaaecaccaeassnsensassnnsnns Civeneonnnnss
B1l.B.hyLl.NB = ittt eneossseesonsnssaccanaacssosssocsnscssasnnsnnannns
82.B.hyl.KS = ittt iiciecaesiecs ettt acsarssesaesannnnn C..o.n.
TT7.B.hAYL.KS = ittt it teneecersaaanssestnoscsaracsscasnnasncscsscanns
79.B.hyl.NB = ittt eeienesoesocasssnnssasasssssssssssscscnsnannns
70.B.bre.NH O Geeans Civeeannen Cievnn
71.B.bre.NH eeCiteeerecancasncacnscsansnns Geeews Coveeennne Civenn
73.B.bre.VA teCerteeeersceeanssceannnccncces G..o.w Coceennnns Civunn
74 .B.bre.VA T Givene Covinennes Coevee
67.B.bre.KY T [C Cuivevnenna C....n
69.B.bre.OH T G..... Covnnnnnne Civens
68.B.bre.KY eeChuinieeeeccccncnnccocnsnnans G..... Covennnnns Covenn
72.B.bre.OH R Gevuwne Covennanee C.ovnn
61.B.bre.NB eeCitieeiennnosonnosnccnsonanss Gevrts Civieveoenn Covewn
62.B.bre.Manitoba T Gieonn Covennnnns Covenn
63.B.bre.Manitoba T G.oownn Covennnnnn Covenn
64.B.bre.NB eeCeeenerecencasononnnnnnnna Geerveo Covrnnnnan Civene
65.B.bre.NB B Geveno Cecrcncnnannnnanns
66.B.bre.IA esCriovncsncnnasvracsssoscsanecs Gevenw Cuivrreenaaananns
55.B.car.LA D C..T..
56.B.car.Ark ceCit ittt seeaccecssccensanncsosnnnatensneas c..T..
57.B.car.LA T c..T

58.B.car.IL T C..T..
53.B.car.FL R [ PN Givessnorooceanas C..T.G
54.B.car.FL P G.veveannann Geeeoonoonnannan C..T.G
59.B.car.Ark s c..T

60.B.car.IL T cC..T..
49.,B.car.GA T Gieoerennanse G...C..T..
50.B.car.GA seC ittt ennrecnnnannnns Gevesnnnsene G...C..T..
51.B.car.VA veC it eieiienrennnnnnnnonnnns Geveonennaane G...C..T

52.B.car.VA O Gevervennonana G...C..T..
85.S0orex ACL.Co Tl e e eChovnnnne C.Te...CT....C..C..T..Tueunnn
86 .Sorex LAC.CouTTe e e aCiianens C.TeeeoCT.eaCuaCiiTeeTenannn
84 .Cryptotas O e P Civtnnrnnnnnnnas

83.Cryptotas ..C.A . ... cseeccsesnsssTacesnnae eeCecececncennansns



760 770 780 790 800

MF4745 GGAGACCCAGACAATTATACACCAGCCAACCCCCTAAACACGCCTCCCCA
MEF4859 = it e s eseeesscssnscasssessessssecsesrtcstscasnonannnnn
MF5356 == sieeecessssesssssacse s et escesessanaassseacneaananen
MES5376 = teeaeseensassscasssecs teecenecsnsnsscetncassesanas
ME6156 = tiesecsasessscsssacss tseecicasasessnaanaseseannaas
MEF6397 = ieeessessassssssssse Ceeeseerascasanaeenen ceeseane
sl
-
MF8049 th e st esseseansasarenssesc et st e ettt sac et oas o0
MF8050 ceeeneassesessseas et es e sas e et sesacansss et
MF8051 Lt s eeeee st esesasnsascetas et e st se et s anres e
MF8052 s eeceeuseecssesacass st s e as a0 e s sstacassansnenanns
MF8053 = iieeeee.. s et eecesssesesesesasssnseess et ares s
MFB8054 = tieieescscnsases et e essecasecacsessesesnseneaanaenn
MEFB8055 it teeecnesaseesseenesacanactanaceatacsenseasannoes
MEFB8224 = i eeeeesscessstsessasnacaasececesacansansassnssaenn
MEF8802.A = it esesstscesanesensaceacaacaccnacasasancscsanrons
MF8231.A = (iiessessscsenscncns teeieeesieescacanasansresessna
MF8801.A ittt eesesscscessesensascatcansaactaansaaacaasaoones
L = X0
MF9157 i it it sseeseciensssesesecsaasansacsanann seseseassans
0 0
MF9158 e s eenceesessenaeesesaasseanasancsaccanrsacensoes
75.B.hyl.NB Ceeeeasearesansannns s ssecssseessssseassaanecesnnn
76.B.hyl.NB Ch s e e srsseanseaseesracet st s e et ean et asnnanaasenns
78.B.hYLl.NB = L iiiuneensscessassossscesssosssncanecancancenssncsns
80.B.hyl.NB P ctessecessssaanenssee
81.B.hyl.NB s e s e es s eet e et aaseessecers s st atce s aseneessas
82.B.hyl.KS ceersesesscnteseressasseannnos Teoenaosns Poeeosnssons
77 .B.hyl.KS T
79.B.hyl.NB = (i iiieecrocnnns esesetacscarsass e ot ans s et et aac e
70.B.bre.NH = ........ Gieeaveanaosrennsnonse P C..A.....
71.B.bre.NH = ...cce.s Givaonssoons | 1 C..Aieene
73.B.bre. VA = t.iceeen Giveeooooonn ceseneseeTeTovnnennn C..Au.e...
74.B.bre. VA = s.ieee.s Geeeeoonooonns e C..Aceenn
67.B.bre.KY = t.iieesns Geveeooonnonoe L C..A.....
69.B.bre.OH = ...ceeen Geeeooosesnaos vevesoael e eTeaeennns C..A.....
68.B.bre.KY = .....c.. Geveooones eeGoivvanenn Te.TevweesseoCoiAcueen
72.B.bre.OH = ... ..... Geeoooo sessesseesescs T..TeveeeseoCoAcooe
61l.B.bre.NB = ........ i veesoeTeeTenesneeeCocBocene
62.B.bre.Manitoba @ ........ Giveveronnsncnnrnoas eTeeTeeeraaeaCidAionen
63.B.bre.Manitoba @ ........ [ teesessean TeeTeveveons C..A.....
64.B.bre.NB = ....e... Gueveecnacoonsennoscense b R C..A.....
65.B.bre.NB = .....e.. Geeoonsresosoassnnos voeTeeTeesneeesCocBAousnes
66.B.bre.IA = ........ Geciveonosnnsonnnsnns TeoeTeeeoanns C..A.....
55.B.car.LA = it iieececscsscscscacnccscnnnes Teeeoessnces C..A.....
56.B.CAr.ATK = it eesecssccasssrsesccns ceeseTecocnencensCoicBhAiccee
57.B.Car.LA = ceeeeesesscssasscsssanscsnssas TeeoeeosooneeCocBoaces
58.B.car.IL. = .t.iiceceveanns ceebsesersoenannoas Tevooo [ o Y W
53.B.car.FL = ... eieees Covevennn ceeseesaseacssesusesanes CeeGovwnn
54.B.car.FLL = ceiessaes Ceceeeeasssessncassasannsnnsnssoncs CiaGovon
59.B.car.Ark eeenue cevsecsccnnnocenne eesessTeaoesccanesCocBAaccce
60.B.car.IL  ..... rreeeeaeens e Y Y o J W
49.B.car.GA = t.ieeeees Gueeeovovaonsssoscnnconnse vesnseessCocG.. T,
50.B.car.GA = tiieieen. Govereocnonoocnocsossacncssoacnnsnscs «e.C..G..T..,
51.B.car.VA = tiieeces Grieeoononane eevenncoccsssacansses Cc..G..T..
52.B.car.VA = ciceeese Geveoonsnncne ceecetscsenssssannsan C..G..T..
85.Sorex T O P P - W . N
86 .Sorex eeCuien e O TieoeooALAvenss
84 .Cryptotis = = .c.ieiieeeenn L PP P (P T..T..A..A.....
83.Cryptotis D« T T,.TeessTo.T..A..A.vues
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MF4745 TTAGCCTTTATCCCCCTTCTCCACACCTCCAAACAACGAAGTATAATATT
MF4859 i iieceeasn teeesssecterassesesec e oo st e s asannas
MEB356 it ieessessesecstscescsestsccs e sancccrssteen s
0
MEGL156 i i eeerestensassesesescertssecesssasevsasnonesennn
ME6397 = ieeeeecenrssssesesssens teecersecttesrsenn s senccnns
D
D -
MF8049  Li..... C et et eeesssseaasacearsassaarse e e ceeaee
MFB8050 ettt eseeesesacccasses ettt st scesatannsanenans
ME8051 i it et ieeceserresacetecaatc ettt anoaannnns
MEB8052 i i eeceasesnsasseasacsses sttt anasenanesasnnn
MF8053  iieiieecessssecssascseasasenssascenss st enesassnons
MF8054 ... c s s s e eesenanaces et sesseesasssseeross s e e naaes
MF8055  iiiee..s s et e eesetaeses e et s s st acseceneesssnnennan
MF8224 i i iaessessescsssesacsassessctatcnnesaacoasnonnns
ME8802.A = ieiiesscsunnsessassssaeassenasssassesesannecsrsons
MF8231.A it ieeestscaesesatasssssesasaensssssenerssenrsraene
MEBBOL.A = ieesieesscsssesassreasssessssccnrssaanasssssnsnannn
MF8803 L. te et casn et eetaeseaaanttesensscrseasnans ceesan
MFOL157 i it eeessessssenesstsacansacerte et o saannnsans
MEB80D57 it esesesassssssecsansracensssenasaannnsseacesosnns
MF9158 cseteessssaessenanesssss e Peeoesssssncossoacans
75.B.hyl.NB = ieiiiaertessnacsoscsonsecnsncansas tesressessenessssnen
76 .B.hyL.NB = i iiiitinresnsoenssacssasassnsoncasnensasossnsnss ceeae
78.B.hyl.NB = ....... e cesesesecnsesescts s seoosesnrsnoss s enn
80.B.hyLl.NB = ceericesoccsoossacsacnns e teeeeatete e
81.B.hyl.NB = tiiiteeteeseratssnssncsacsacassanssssoscscssacsoccssocs
82.B.hYL1.KS = tieiicieiccncieceseesesaaneneanesaseraanaanns ceeeen
P = T8+ 2 R €
79.B.hYL.NB = teetreneccsacacanaaaarttacccrtostnattsccontssannses
70.B.bre.NH Chievssvossanosasansasosssssssosonnassossns C..G....
71.B.bre.NH Chroesvnnossasanencssaasossatotnsssnsnnsosasss C.ovGoveno
73.B.bre.vVAa Covannnnne Conennnercesessssnanacnscnnsnns C..G.vvww
74 .B.bre.VA Croveeeecenncsononanns Aieieietsreansenansens C..Guvenn
67.B.bre.KY Ciovetoveooessasooosnecsosnsassssaasansnases C..G..uw
69.B.bre.OH Citneneenneassaesosassanossssnsnsensasssses C.eGuovuwo
68.B.bre.KY Coteneeennecasnosssassessssnnsssasssssssns C..Gouunt
72.B.bre.OH Chrversenosnsasscsscosnasossssossnsossnasocsoss (O ¢
61.B.bre.NB Cavereososossassoosasososcnansnonsnsaanneas C..G.uvv
62.B.bre.Manitoba Cavenreennncoasasoassenasssascasseanssssses CieGovuwo
63.B.bre.Manitoba Covencenssseccanncccosces sesaesrsaensnse veCoeGovenns
64 .B.bre.NB Cuovenennennnnne £ T T T C.eGouewn
65.B.bre.NB Civeeasne Crieensnnnnssan seseercesseesennans C..Govnno
66.B.bre.IA Chrivveonseansancancssonsstnssossnossanosassoss CieGoneno
55.B.car.LA Cotrrennenenannonnnonns Toeesoonnoosansnns C.eGovnnn
56.B.car.Ark Chiveannasoneassannans O C..Geuvuvuu
57.B.car.LA Chvrnneecccenasocaasanns A C..Gevvwo
58.B.car.IL Cotnenncannasoannsoanas 1 CeeGounn
53.B.car.FL Covevennnannssnns Covevenn tesecrsesenssases C..Gevuuo
54.B.car.FL Ceevosvonvesssnns Crieevesnoscenncnnscannsne CoeGevewn
59.B.car.Ark Cavvenonnnonaccncanansns Toveeeooneeanncess CieGovien
60.B.car.IL Cevrevocnnenancsoonnons T eeeosonsssassaase CeeGuovene
49.B.car.GA Caoveverennooanonsssosasnasssnsessssscanssnas CoeGuowneo
50.B.car.GA Cotveeroannossansssscnecnnsenssssanasssns CoeGuavneo
51.B.car.VA Coveennocsesssassssenosaansssoasssscennnsns CoeGuvwo
52.B.CAr.VA = (i esesessssscesssesacsacnesracnsssancansa C..G.vuu
85.Sorex C. AG.AG..... T.CouTeuvunn Ae it ietrotnnensssnnocenns
86 .Sorex C AG.AG..es. T.Co.Tennne Bttt iinessnaasssnsaanas
84 .Cryptotis CiveeTuennnn T...T.A..T..... N [
83.Cryptotis CoveoTennnn TeeeTAeuTeunn. Tovereennnncnns Civevennn
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TCGCCCATTCAGTCAATGCTTATTTTGAATCCTAGTAGCAGATCTCCTTA
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APPENDIX 3

Saturation curves for each codon position within each of three membrane regions of
cytochrome b for the Blarina data set. Sorex and Cryptotis were the specified outgroups.
Ingroup-outgroup saturation is present in third position transitions of all three regions of
the protein as well as first codon position transitions of the transmembrane region.
Symbols for ingroup and outgroup transitions (TI) and transversions (TV) are noted in

the key.
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