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ATLAS AND KEY TO THE HAIR OF TERRESTRIAL TEXAS MAMMALS

ANica DEBELICA AND MONTE L. THIES

ABSTRACT

Even though some hairlike structures may be found on organisms such as birds,
insects, and plants, true epidermal hair is a unique characteristic of mammals. Samples
of guard hairs from over 150 mammalian species found in Texas were collected from
specimens housed in natural history collections or, as in the case for domestic farm
animals, were obtained from living animals. An atlas and key were developed after
examining several characters of hair samples, including average diameter of the hairs,
structure of the medulla, and arrangement of cuticular scales. Digital photographs of the
medulla and SEM images of the hair’s surface accompany the key and should provide

a helpful tool for hair identification.

Key words: atlas, dorsal guard hair, hair identification, key, terrestrial mammals,

Texas

INTRODUCTION

Even though hairlike structures may be found
on organisms such as birds, insects, and plants, true
epidermal hair is a unique characteristic of mammals.
In most mammals, hair is conspicuous, but in some,
such as some whales, hair is represented by only a few
bristles on the embryo (DeBlase et al. 2001).

Most hair identification in the past has been done
by specialists who learned their craft by comparing un-
known with known samples. This process necessitated
patience, years of practice, and an extensive reference
collection of hairs (Williams 1938). Williams (1938)
believed that “there is a real need for the definition
and illustration of diagnostic characters of hairs and
the preparation of keys that may be used successfully
by others than specialists.” Keys and atlases to mam-
malian hair of different regions of the world would
be of great help in studies of food habits of predatory
mammals and birds, such as mountain lions and owls,
respectively, because in these studies scientists often
examine hairs found in fecal samples in order to de-
termine what those animals were eating. These keys
could also facilitate identification of hair found at crime
scenes or be useful in species identifications of material
recovered in illegal trade of wildlife parts.

Despite the potential uses that keys to mammalian
hairs may have, few fully developed keys and atlases
have been published. Numerous scientists in the United
States, such as Hausman (1920), Cole (1924), Mathiak
(1938), Williams (1938), Brown (1942), Nason (1948),
Mayer (1949, 1952), Benedict (1957), Stains (1958),
Miles (1965), Short (1978), Moore et al. (1974), Gaisler
and Barus (1978), Homan and Genoways (1978), Hess
et al. (1985), Hickey and Fenton (1987), Stangl and
Grimes (1987), van Staaden and Jones Jr. (1997), and
Amman et al. (2002) have conducted descriptive and
comparative studies of mammalian hairs. They have
expanded our knowledge on structure and appearance
of hair, as well as the taxonomic and phylogenetic
value of hair. Unfortunately, most of these studies,
with the exception of Mathiak (1938), Mayer (1952),
Stains (1958), and Moore et al. (1974), focused on a
limited number of taxa from specific families or gen-
era instead of focusing on all of the mammals from a
specific region. In addition, scientists conducting these
studies argued about the usefulness of hair properties
in resolving phylogenetic problems in groups such as
New World bats. Cole (1924), Nason (1948), Bene-
dict (1957), Miles (1965), and Short (1978) believed
that hair is of very limited taxonomic value, whereas



2 SpEcIAL PuBLicATIONS, MUSEUM OF TEXAS TECH UNIVERSITY

Mathiak (1938), Williams (1938), and Brown (1952)
believed the opposite. Amman et al. (2002) provided
an analysis of hair structure in bats from Colorado,
effectively demonstrating the utility of SEM in dif-
ferentiation among a limited number of species from
a limited geographic area.

In the last few decades, only a few scientists have
provided complete regional keys to mammalian hairs
such as “A key to the hairs of the mammals of Southern
Michigan” (Mathiak 1938), “The hair of California
mammals with keys to the dorsal guard hairs of Cali-
fornia mammals” (Mayer 1952), “Field key to guard
hair of Middle Western furbearers” (Stains 1958), and
“Identification of the dorsal guard hairs of some mam-
mals of Wyoming” (Moore et al. 1974). In Europe,
Lochte (1938) published an atlas to hairs, Keller (1978;
1980; 1981a, b) published papers providing keys and
valuable information concerning hair characters, and
Teerink (1991) published an atlas and identification key
to hair of Western European mammals.

Hair formation.—The primary development of
hair begins as a localized proliferation of epidermal
cells forming a dense aggregation of cells, which
elongates downward into the dermis. The dermal
cells, beneath this downward-elongated, flask-shaped
depression of the epidermal cells, form a dense mass
that ultimately forms the papilla of the hair. This
flask-shaped depression becomes lined with cells of
the epidermis becoming a follicle (Hausman 1920).
The epithelial contents of the growing follicle elongate
into an avial strand of fusiform, spindle cells, which
undergoes keratinization and forms the hair shaft. The
lower part of the shaft expands into a bulb that wraps the
papilla while the shaft elongates upward and emerges
through the epidermis and continues to grow. Growth
is confined to the proximal portion of the shaft where
matrix cells continuously convert into keratinized hair
shaft cells (Hausman 1920).

Hair structure—The hair shaft consists of four
structural units, the medulla, cortex, pigment granutes,
and cuticle (Hausman 1920, Fig.1). Medulla: built up
from many shrunken and variously disposed cells or
chambers, representing dried and cornified epithelial
structures connected by a branching filamentous net-
work, which sometimes completely fills the medullary
column, but is interrupted in many cases. Cortex: shell
surrounding the medulla that is composed of elongate,

fusiform cells (hair spindles) coalesced together into
a horny, almost homogenous, hyaline mass and form-
ing, in many cases where the medulla is reduced, a
larger proportion of the hair shaft. Pigment granules:
structures primarily responsible for the color of the
hair; in some mammals pigment is difuse instead of
granular. Granules are scattered within or between the
hair spindles, and in some hairs they are arranged in
definite patterns. Cuticle: outermost integument of a
hair shaft composed of thin, hyaline, colorless scales
of varying forms and dimensions.
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Figure 1. Sectional view of skin showing hair and various
structures in dermis and epidermis (after Duperron
1997).

Classification and function of hair.—Hair can be
divided into two major groups: (1) hairs with sensory
function, and (2) all other or “normal” hair. “Normal”
hair can be further divided into three subgroups: (a)
heavy overhairs that are usually longer, straighter, and
more robust throughout their length than the general
coat in most mammals; (b) curly overhairs that are
usually enlarged only in the distal third or half of their
lengths, the basal portion being decidedly weaker and
more flexible; and (c) furhairs that are uniformly weak
and flexible except at the tip and base (Williams 1938).
Both (a) and (b) are together known as guard hair.

The objective of this project was to provide a
key and atlas to the hairs of Texas land mammals that
would be relatively easy for anyone to use. Digital
photographs of the medulla and SEM images of the
surface (scales) of guard hairs accompany the key to

provide aids in hair identification.
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METHODS AND MATERIALS

Hair samples of over 150 species of land mam-
mals found in Texas (following Schmidly 2004) were
collected from specimens in the mammal holdings of
the Sam Houston State Vertebrate Museum (SHM),
Huntsville, Texas; the Angelo State Natural History
Collection (ASNHC), San Angelo, Texas; the Texas
Cooperative Wildlife Collection (TCWC) at Texas
A&M University, College Station, Texas; the Oklahoma
State University Collection of Vertebrates (OSUCOV),
Stillwater, Oklahoma; and the Museum of Texas Tech
University (TTU), Lubbock, Texas. In addition, sam-
ples were provided by the Houston Zoological Park,
Houston, Texas; and R. Smith, Huntsville, Texas.

Although underhair had been used in previous
studies (Hausman 1920, 1930; Cole 1924), this study
focused on dorsal guard hair. This is the type of hair
that scientists or law enforcement investigators would
most likely encounter in their work. Guard hair is more
robust and larger in length and diameter than underhair
and is most likely to be detected in biological samples
and at crime scenes. Nason (1948) pointed out that
“hairs from the center of the mid-dorsal region would
be typical for a species and be an adequate basis for
comparing one with another.” According to Teerink
(1991), there are three types of guard hair: GHO, GH1,
and GH2. GHO hair is stiff, firm, and straight, but it
seldom occurs within pelage. GH1 hair is usually stiff
and firm, occurs very often within pelage, and its shield
(hair’s thickest part) is somewhat closer to the tip. In
some mammals, it can be slightly wavy or bent. In
GH2, the shield and shaft usually form an angle with
each other. The shaft is usually straight, but it can also
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Figure 2. Simple medulla types: (a) Ovate, (b)
Elongate, and (c) Flattened.

be wavy to different degrees. It also occurs often in
pelage like GH1. Teerink (1991) suggested that GH1
and GH2 provide the most information that can be
used to build a key, and that four features of GH1 and
GH2 are important for identification: (1) the cuticula
in shaft and proximal shield; (2) cross-section through
the shield; (3) medulla in the thickest part of the shield;
and (4) medullar margins in the thickest part of the
shield. However, Benedict (1957), Gaisler and Barus
(1978), Hickey and Fenton (1987), and van Staaden
and Jones Jr. (1997) all agreed “that only the scales
in the mid-region of a hair shaft are the mature and
uniform types” (Benedict 1957). In this study, dorsal
guard hairs were collected from the central mid-dorsal
region of specimens and scales and medulla from the
mid-region of the hair shaft were used.

Preparation of slides—Hairs were cleaned and
freed of grease (in tepid water with detergents) and
stored in 70% ethanol. For medullar slides, hairs
were immersed in paraffin oil before being mounted
on slides and covered with a cover glass: the paraffin
oil penetrates the medulla and enables visualization
of the medulla structure (Teerink 1991). Slides were
examined with Olympus BX41 and Olympus DP11
compound microscopes at 400X magnification.

The medulla was classified following Haus-
man (1920) as Discontinuous (Fig. 2 Simple, Fig. 3
Compound, Fig. 4 Fragmental) or Continuous (Fig. 5
Nodose, Fig. 6 Homogeneous).
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Figure 3. Compound medulla types: (a) Ovate
and (b) Flattened.
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Figure 4. Fragmental medulla types (a), (b), and (c).
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Figure 5. Nodose medulla types (a) and (b).

b

Figure 6. Homogeneous medulla types (a) and (b).

Hair profile slides were used for the measure-
ments (length and diameter). Following Moore et al.
(1974) hairs were examined for shape and shield loca-
tion, color (bicolored or multicolored), and color band
pattern (number and position of bands). However, of
these characteristics, only diameter was included in the
keys because length, coloration, banding pattern, and
shield position are too variable and may be misleading
due to the seasonal changes. Complete hairs are also
often lacking in a sample.

Preparation of SEM material —Scanning elec-
tron microscope (SEM) images of hair surfaces (scales)
were taken following methods as described by Stangl

Adl

Figure 7. Imbricate cuticula types: (a) Ovate,

(b) Acuminate, (c) Elongate, (d) Crenate, and (e)
Flattened.

and Grimes (1987). Entire hairs were mounted on
specimen stubs using two-sided tape. Stubs were then
sputter coated with gold and the coated specimens
examined with a HiVac SEM “Vega TC.”

Because bat hair lacks a medulla, has limited
variation in scale types, and is generally difficult to
distinguish, scale indexes (SI = maximum scale
width/maximum scale length) and width index (WI =
maximum/minimal scale width) were determined as an
additional identification tool. All hairs were classified
according to their scales type (Figs. 7-8) following
Hausman (1920) and Nason (1948).
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Figure 8. Coronal types of scales: (a) Simple,
(b) Serrate, and (c) Dentate.
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RESULTS

An ordinal key to the hair of terrestrial Texas
mammals, as well as the species keys for each order,
were constructed using three primary hair characteris-
tics: medulla type, scale type, and shaft diameter. For
Chiroptera (bats), medulla type was replaced by two
characters — scale index (SI) and width index (WI).
Each key to order is followed by an atlas of species
occurring in Texas, a brief description of hair character-
istics, a digital photograph of the medulla, and an SEM
image of the cuticula (Figs. 9-159). Common domestic
or non-native but free-ranging species such as house
mice (Mus musculus), feral hogs (Sus scrofa), and nutria
(Myocastor coypus) are indicated by an asterisk.

Glossary of Terms

“Cells” — The shape of medullar “cells” may be
oval, rectangular, square, or flattened.

Columns/rows — The absence, presence, arrange-
ments, and any disturbances of medullar cells within
columns and/or rows.

Coronal cuticula (Fig. 8) — Only one scale in each
row completely encircling the hair.

Discontinuous medulla (Figs. 2-4) and Con-
tinuous medulla (Figs. 5-6) — Type of arrangement of
“cells” and chambers within medullar column.

Imbricate cuticula (Fig. 7) — There are at least
two scales in a single row of the cuticula.

Medulla— Central hair portion built up from many
shrunken and variously disposed cells or chambers.

Medulla occupies entire shaft — Medulla is
spread throughout the entire shaft, from one side to
the other.

Medulla occupies >1/2 of the shaft — Medulla
is spread throughout the central part of the shaft; it

occupies more than 1/2 of the shaft, but not the entire
shaft.

Medulla occupies 1/2 of the shaft — Medulla
is found only in central part of the shaft and covers
overall 1/2 of it.

Medulla occupies 1/3 of the shaft — Medulla is
found only in central part of the shaft and covers overall
only 1/3 of'it.

Penetrated/not penetrated — If medullar structure
is visible, then medulla is penetrated by the light. If
medullar structure cannot be seen and the entire shaft
appears dark, then medulla is not penetrated by the
light.

Scale index (SI) — Calculated by dividing maxi-
mum width of the scale by the length of the scale.
Replaces type of medulla in the identification of bat
hair.

Vacuolated — Presence or absence of vacuoles
in medulla.

Width index (WI) — Calculated by dividing maxi-
mum width of the scale by the minimal width of the
scale. Replaces type of medulla in the identification
of bat hair.
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ORDINAL KEY TO THE HAIR OF TERRESTRIAL TEXAS MAMMALS

IMEAUILA ADSENL. ....c.eieeeieeietieiieiieete ettt ettt ettt et st stesae st e st es e ene e e e sesbeeaeeaeeseeneeneensensensen Chiroptera
IMEAUILA PIESENL....euieiiiitietiete ettt ettt ettt ettt et esbe e s bt e bt eateebeesb e e bt entesaeesbeeteentesneesbeenseens 2
Medulla AISCONTIMUOUS. ......couiteieiiettetietertetet ettt ettt sttt et bt sttt e e bt st e sb et et et ebesbesaete st eseebeebeeen 3
MEAUITA CONTINMUOUS. ... .eeuviiieeiiitieie ettt ete et ste et et e s teetesteesbeeteesbesteessesseesaesseeseesseessessesseessesssensenseenes 14
Medulla SIMPIE (FIZ. 2)..iiuiiiieiieiieieeieteee ettt et st et et st e st e bt e b e esteeseesbeenseensesseenseeseensennes 4
Medulla other than SIMPLE...........cveriieeiiiieeiieieceee ettt ste et e e et e sstesteesaesseeseessesseensessaensenssesseens 7
Medulla tyPE @ (FI. 2).uuieuiiiieiieiieieet ettt ettt ettt sttt e bt ettt e bt ettt e ntesae e b et enes 5
MEAULLA £YPE C (FIZ. 2)uriiuiiieieiieiieieet ettt ettt ettt et ettt e et e ae e be e s e enbeesbesseenbeensesnsesseeseenseenes 6
Medulla occupies 1/3 of Shaft........ccooieieiiiiie e Soricomorpha
Medulla occupies entire Shaft............cooveiieiiiiiiiiire e e Rodentia
Medulla visible in cuticular photOgraphs..........ccveeuieierienieriieieeieseeeeee e eteeve e seeens Soricomorpha
MeEdULLA NOt VISIDLC. ......eeuieeieiieieieie sttt ettt ettt et e s bt s seeseeseeneeneensenaeeens Rodentia
Medulla compPound (FiZ. 3)....coieoieiieieieiee ettt ettt et et e b e e enbeenbesseesseenseenes 8
Medulla fragmental (FiZ. 4)....coccioieiieeiieieeieseeie ettt ete ettt ste e teesaestaesteesseesaesssesseeseensessaenseans 10
Medulla other than OVALe...........cceiriiiiiieieeeeeee ettt Rodentia
Medulla OVALE (FiZ. 3).cuieiiiieiieiieieet ettt ettt et et e et e s se e bt e e enbeesbasseenseenseensenneeseenseenes 9
Medulla with flattened cuticula (Fig. 7€).......ceeeirieieirieieiieieceeteees ettt Carnivora
Medulla with other than flattened cuticula (Fig. 7a-d).........cccovurueiinirieeireeeeee s Rodentia
MedUAtYPE D OF C(FIZ. 4).uvevieiieieiiieieiieieerteieete ettt se e b se s sesansesesansesesanes Rodentia
MEAUIIAEYPE @ (FLZ. 4).veveneeeeeieeee ettt ettt ettt e b et esess e st e sesseseaseesesensensessasansesensansas 11
Medulla with flattened cuticula (Fig. 7€).......cceovevrueriririeiiirieieiieieitieieetete et esenen Perissodactyla
Medulla with crenate cuticula (Fig. 7d).......ccveieirieiinieeisieeerieteesete ettt s e s e 12
Medulla With COTtICAl INETUSIONS. .....cveviietiieieiriecrieiertet ettt sttt ee st ssesesaeseeesenessenens Rodentia

Medulla With N0 COTtICAl INTIUSIONS. ......coouiiiiiiiiieeie ettt ettt et e e e e e e esae e st e estesateesaeesasesaeesaeesasesseesn 13
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Medullaextremely fragmented and presentinsmall fragments, medullaoccupies lessthan 1/3 of shaft...... Primates
Medullapresent in large fragments, medulla occupies almost 1/2 of shaft...........ccccceeeeeeeeeeennes Artiodactyla
Medulla homOogeneous (Fig. 6).......ccuvirieirieirieirieiietre ettt ettt st be e aene s 15
MEdUILA NOAOSE (FIZ. 5).vviveuieiiieiiieieeet ettt ettt ettt ettt ettt et s s e b ese b esesesessaneeseneesansesan 17
Medulla occupies less than 1/3 0f Shafi..........ccovveeeiririeeieecceccee e Cingulata
Medulla occupies more than 1/3 0f Shaft...........ccoeeiriii e 16
Medulla not penetrated, scales flattened (Fig. 7€)......ccveieiviereininieieinieieeesieieeiseeee e esessevesens Artiodactyla
Medulla not penetrated, scales crenate (Fig. 7d).......ceovoveeiriereeinieieiieieeeee et Carnivora
Medulla NOdOSE tYPE @ (FiZ. S)....ceivereirieieieieieirieieerieteittete ettt es et te et se s seseseesesensesesansesesensesenan 18
Medulla N0doSe tyPE D (FiZ. SD)...cviuiieieiieieieieeetetee ettt ettt ettt es e s e s sasene 20
Medulla VACUOLALEA. .......c.ciririeiirieirieicicictec ettt ettt st s ne e nene Carnivora
Medulla N0t VACUOLALE. ......cveveeiieietiirieieitet ettt ettt ettt st beses 19
Shaft A>TOOIML....c.vieiiieieieiece ettt ettt stesseesaese st esseessensensessenss Didelphimorphia
SRATt A< TOOIUITL. ...ttt ettt ettt b et b et et b et e st esesbeneenesseneenenee Rodentia
Medulla ordered into COIUMIS. .........ccvvueirieeirietiieeeeee ettt ettt be e se e ssesa s esenens Lagomorpha
Medulla not ordered Int0 COIUMMS...........c.coviririeieiiiriniicccreecec ettt nene 21
Medulla diSTUIDEA........cvveiiieiiiieiee ettt ettt bttt skttt 22
MedUulla UNAISTUIDEA. .......ccviieeieiieieieieeetetete ettt ettt te et e ste e eseebesbesaesaesassesseseesasessesessessassasansans 24
Cuticula flattened (FiZ. 7€)....ceeerieririeieieieieieiertetert ettt sttt sttt et et e eseseesenaenens Artiodactyla
Cuticula Crenate (FiZ. 7). ..cceieirieieieieieieteste ettt ettt ettt e e s et e be s eseesessansesessesenseneesensan 23
Medulla occupies 1/3 0f Shaft...........coovieeiiiiiieieece e Artiodactyla
Medulla occupies more than 1/2 0f Shafi..........cceeiririeeinrieec e Rodentia
Medulla “cells” NOt AtteNEd.........cceeveiereieiiieieiectee et ss e ne Artiodactyla
Medulla “Cells” HAttENEd.........c.covriimeiririeiciiecceccee ettt 25
Medulla VACUOLALEA. .......c.euiririeeiririeiieie ettt ettt Carnivora

Medulla NOt VACUOIALEA. .........oeeeeeeeeee ettt e e e e e e s eaeeeeeeeseaeeeaeeseneeeneeas Rodentia
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ORDER DIDELPHIMORPHIA - QPOSSUMS

Medulla continuous, nodose type a (Fig. 5a), non-vacuolated, occupies more
than 1/2 of shaft. Cuticula imbricate, crenate (Fig. 7d), disturbed rows. Midshaft
1o T 0 10T s FO USSP Didelphis virginiana (Fig. 9)

Family Didelphidae

Didelphis virginiana - Virginia Opossum (SHM 6)

Medulla continuous, nodose type a, occupies more than 1/2 of shaft. Cuticula imbricate, crenate, disturbed rows.
Midshaft dia. 130um.

Figure 9. Medulla (left) and cuticula (right) of Didelphis virginiana.
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ORDER CINGULATA - ARMADILLOS

Medulla continuous, homogeneous type a (Fig. 6a), occupies less than
1/3 of shaft. Cuticula imbricate, crenate (Fig. 7d), irregular scales with
no apparent rows. Midshaft dia. 200[M..........ccceeeveeiierieniienieieeieeeeeee e Dasypus novemcinctus (Fig. 10)

Family Dasypodidae

Dasypus novemcinctus - Nine-banded Armadillo (SHM 171)

Medulla continuous, homogeneous type a, occupies less than 1/3 of shaft. Cuticula imbricate, crenate, scales
irregular with no apparent rows formed. Midshaft dia. 200pm.
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Figure 10. Medulla (left) and cuticula (right) of Dasypus novemcinctus.
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ORDER SORICOMORPHA - SHREWS AND MOLES

All have discontinuous simple medulla (Fig. 2).

1.

Medulla simple type a (Fig. 28).......cceeeeeiiiririeieieieieeeeseeeeieie e Blarina carolinensis (Fig. 11)
Medulla STIMPIE LYPE € (FIZ. 2C).uvviririeriieriiiieiiieteiitetit ettt sttt sse e b e s se e sesassesasessesassesasesesensens 2
Medulla “Cells” flatteNEd. .......ccveirieieiiieieie ettt ettt sttt be sttt et et en e tennetenseneas 3
Medulla “cells” NOt ALENE.......cc.eirieirieieiiieieeee ettt ettt sa et sbe et e s sessese st ensesassesessans 4
Cuticula crenate (Fig. 7d).......eceoverueirrieieirireie et Blarina hylophaga (Fig. 12)
Cuticula elongate (FiZ. 7C)....ceeiriririeeiririeieetrieieeeretete ettt sne Cryptotis parva (Fig. 13)
Medulla “cells” rectanguIar............cccoverirerieieieeeierese e Notiosorex crawfordi (Fig. 14)
Medulla “cells” variably shaped..........c.ccooveeviriiniiniiiieeeeeee Scalopus aquaticus (Fig. 15)

Family Soricidae - Shrews

Blarina carolinensis - Southern Short-tailed Shrew (SHM 380)

Medulla discontinuous, simple type a, occupies 1/3 of shaft. Cuticula imbricate, crenate, medulla visible. Mid-
shaft dia. 44um.

LED- il Duevics - TS 1 1050 Tegrd L moie oy PRagrg

Figure 11. Medulla (left) and cuticula (right) of Blarina carolinensis.
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Blarina hylophaga - Elliot’s Short-tailed Shrew (TTU 100794)

Medulla discontinuous, simple type c, very flattened “cells”, occupies more than 1/2 of shaft. Cuticula imbricate,
crenate, medulla visible in middle. Midshaft dia. 34pm.
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Figure 12. Medulla (left) and cuticula (right) of Blarina hylophaga.

Cryptotis parva - Least Shrew (SHM 163)

Medulla discontinuous, simple type c, very flattened “cells”, occupies more than 1/2 of shaft. Cuticula imbricate,
elongate, medulla visible. Midshaft dia. 21pm.
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Figure 13. Medulla (left) and cuticula (right) of Cryptotis parva.
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Notiosorex crawfordi - Desert Shrew (SHM 37)

Medulla discontinuous, simple type c, rectangular “cells”, occupies entire shaft. Cuticula imbricate, elongate,
visible medulla. Midshaft dia. 23um.

Lt s ] Dvevics: TR 13038 Tr g b v 20ry PRl

Figure 14. Medulla (left) and cuticula (right) of Notiosorex crawfordi.

Family Talpidae - Moles

Scalopus aquaticus - Eastern Mole (SHM 198)

Medulla discontinuous, simple type ¢, mixed shapes of “cells” (elliptical, rectangular, and square), occupies entire
shaft. Cuticula imbricate, elongate, visible medulla. Midshaft dia. 41um.

SET LAk B0 T T, BE Calatior i
- b Dk B - el e F8E pm W - Tearws
AT il D TS 13550 Ie gl L =i 20y (g Ty

Figure 15. Medulla (left) and cuticula (right) of Scalopus aquaticus.
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ORDER CHIROPTERA — BATS

All members of Chiroptera in Texas lack medulla and have coronal scales (Fig. 8). Scale index (SI) and width
index (WI) are given for each species.

l. Cuticula dentate (Fig. 8C).....ouvurueiriririerii ettt b st e et s e e e se e s 2
Cuticula other than dEeNtate..........c.cocoueueirrieiiniiccrcc ettt ettt ettt n et nene 5
2. Dentations very deep with one extremely deep..........ccoevvvreeieiereereeeeseeereeinnns Tadarida brasiliensis (Fig. 44)
Dentations VETY SIMALL........ccoeuioirieuiirieieirietetsteieee ettt ettt ettt et e st te s et b ene et e s e e seneneeteneneas 3
3 WIS 2 ettt sttt ettt ettt nen Nyctinomops femorosaccus (Fig. 45)
WL ettt h ettt st a e b 4
4. WKL 2 ettt ettt ettt ettt ettt et be e e b e ne Eumops perotis (Fig. 47)
L2WIS2eeeeee ettt ettt ettt b et ba e e s e s e Nyctinomops macrotis (Fig. 46)
5. Cuticula SEITate (FiZ. 8D). .. oueuiiieieiiieieieee ettt ettt ettt s e se st se s st ene e senens 6
Cuticula SIMPIE (FI. 8Q)...uvrveuerieieieieieieteietere ettt sttt sttt ettt ettt b e e b et e st e b seese s eneneens 7
6. Scales relatively equal in SIZE..........ceveveeeeirieiereeinieieeire e Mormoops megalophylla (Fig. 16)
Eachlarge scale followed by 2 small scalesateachside...........ccccovevruererercrinininnennee. Leptonycteris nivalis (Fig. 18)
7 ST etttk b et A b bRt e etk b Rt £ et R b ettt h b b e a et b b st ettt ebe e 8
N0 e OO T T U USRS 26
8 WIZ2 .ttt bbbt h e bbb bttt b bttt b ettt benn 9
WLS2 ettt ettt et b et e b bttt b et A ke bt A bRt e b b e Rt bbbt ettt ettt enenes 11
9. Scale Maximum d>12UM........ccccveeires verieieieinieiee et eeens Corynorhinus rafinesquii (Fig. 41)
Scale MaXIMUM AT 2N ..ottt ettt ettt e s et e s et be st e se st eseseneesensesenseneesensesensenes 10
10. Scale Maximum d=TOMM........ccevirirreiririeeerteetet ettt se e ese e esens Myotis californicus (Fig. 21)
Scale MaximMUIM A<TOMUTL .....c.viiiieieieieieere ettt et et et e e testeeseesaeseeseessessessessesseasesseassessessessessensensenns 11
11. SI=0.4, WI>2, scale maximum d=7[M.........ccccceereuruemeuememerernnininneneseneeseeeeenenenen Mpyotis septentrionalis (Fig. 23)

SI=0.5, WI>2, scale maximum =7 ........ccceeururururirimemrrereueerereneneeneeeeeseseesesesesesssesesesees Myotis volans (Fig.26)
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WL LS ettt h bttt bbb bbb b sttt b sttt b bttt 13
172 S0 T OO UU RS SRRSEUSUURRURR 17
STE0.9. ettt ettt enn Myotis austroriparius (Fig. 20)
STR0.9. ettt bbbttt bbbt bbb st b b sttt b b sttt nenn 14
STE0. 7.ttt ettt ettt ettt ekt st b bRttt A et e R n et s bR e Rt s ARt e Rttt s e s e s e a et s et et en et st esenenn 15
STRO.7 ettt bbb bbb bttt bbbttt bbb s 16
Scales funnel-shaped, UNEVEN...........ccccvueeiririeeiieeceeeee e Lasiurus blossevillii (Fig. 28)
Scales funnel-shaped, evenly shaped butunevenly arranged............ccocoeveueererrecenennee Mpyotis thysanodes (Fig. 24)
STE0.5. ettt ettt ettt ne st et nesene Antrozous pallidus (Fig. 43)
STF0.6...veeeteeeteteteeetest ettt ettt ettt sttt ettt et e et et e et et be e te s ese s sensesesens Mpyotis velifer (Fig. 25)
Each large scale accompanied by single smallscale............ocoeevererrirerinirneniririciennen .Diphylla ecaudata (Fig. 19)
AllSCales TElAIVELY SAIME SIZC.......cveveieieieieieieisieieteieetete sttt ettt testete e te st stesestesessesessesansesansesensesansesanens 18
WIEL ettt ettt ss Myotis ciliolabrum (Fig. 22)
WIKTA ettt bbbttt b bbbttt b b bttt b bttt 19
Scale MAXIMUM A=TOMMN c....eveuieieietiteirieteet ettt ettt et se st esesseseesesseseesessesessesessessesensesesessesensesensenes 20
Scale MaXimMUIM A<TOMUTL ....c.ocieeiieieseceeeee ettt ettt et e e et et essessessessessessessassessensessessesessensensenns 21
Scales with uneven sizes and OTIENLALION..........c.eeveeririeierereeiirieeeeere et eeaees Lasiurus ega (Fig.31)
Scalesare very slanted, one side smooth while otherisbumpy............c.cccceveverrvnnnncee. Lasiurus intermedius (Fig.32)
STF0.8.. ettt ettt ettt se e et e e te et e et et e b e b e b esbentestesaeseereeretan Euderma maculatum (Fig. 40)
STRO.8. ettt ettt b ettt b et b b sttt et s et e b bRt e e bbbt b ek ek n et bbb be et st benenn 22
STE0.7 ettt bbbttt bttt b bttt b s 23
STE0.5. et b bbb bbbttt b ettt nenn 24
Scales slanted and EVEN...........oeueeeiririeieiireieeeeeeieeee et Lasionycteris noctivagans (Fig. 35)
Scales rope-like inarrangement, one side smooth while other bumpy............................ Lasiurus cinereus (Fig. 30)
Scale maximum d<10pm, scales rope-like, SMOOth..........cccccceeririririnininereieeeeees Lasiurus borealis (Fig.29)

Scale maximum d<10pm, SCales NOt TOPE-TTKE..........eerrrieririrreriirieteirtee ettt ss s saeseseanes 25
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25.

26.

27.

28.

29.

30.

31.

Scales unevenly shaped and arranged............ccccovveeveeerininieieieeieieeeeeeseeee e Lasiurus seminolus (Fig. 33)
Scales uneven with ridges on both SIdes..........covueveveuecieirinieieeeeceere e Nycticeius humeralis (Fig. 39)
STP 2.ttt ettt b et eaen Corynorhinus townsendii (Fig. 42)
LSTRD ettt bbb bttt h st E ek ekt b bRt h b sttt b ettt ne e 27
T G 5 T SRR Pipistrellus hesperus (Fig. 36)
LSIRLLS ettt ettt stttk ettt et et n e enen 28
LY (0 0 TSSOSO TS T T USROTR TR 29
STET ettt bbbttt b ettt 30
Scale MaximuUM d=TOMML......c.ccieirieieiirieeieee ettt eae e Eptesicus fuscus (Fig. 38)
Scale MaxiMUM A=8IUM........cccovereiririereiieteeisiee ettt ese e e s be e sesens Myotis yumanensis (Fig. 27)
WISttt ettt ettt st st a et be b e st esaeseeteerennan Lasiurus xanthinus (Fig. 34)
172 G0 T T OO T OO SO RSSO 31
Scales mildly slanted............coeeveeieiriecireieieee s Choeronycteris mexicana (Fig. 17)
Scales slanted and UNEVEN...........c.eueveueeeeiririrerieieieiccreee s Pipistrellus (Perimyotis) subflavus (Fig. 37)

Family Mormoopidae

Mormoops megalophylla - Ghost-faced Bat (ASNHC 11582)

Medulla not present. Cuticula coronal, serrate, with somewhat even scales. SI=1.1; WI=1.2; scale maximum
d=20um.

- HOD Dk - oralriad F8E pm W - Tearws
LED el Duevina- TS24 13580 e b i oy PEgTg

Figure 16. Medulla (left) and cuticula (right) of Mormoops megalophylia.
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Family Phyllostomidae
Choeronycteris mexicana - Mexican Long-tongued Bat (TTU 44743)

Medulla not present. Cuticula coronal, simple, with mildly slanted scales. SI=1; WI=1; scale maximum
d=10um.

T [T lisba-in i
- H FIDINE [ F B8N A0S M B FR{1 AL
B - - LE a1 Dreiza: TRETICER EEH Loz Fam Hesciy Bl sy

Figure 17. Medulla (left) and cuticula (right) of Choeronycteris mexicana.

Leptonycteris nivalis - Mexican Long-nosed Bat (TTU 9208)

Medulla is not present. Cuticula coronal, serrate. Each large scale accompanied by one small scale on each side.
SI=0.9; WI=L.5; scale maximum d=20um.

T [T Iieha-kn i i i
B EIDE [MIF BRN AE% ML FER{3 CFIELTaN
LE il P Doweiz o TRETIHER EEH Lan . §zm Heschyn fisn Lsiarcily

Figure 18. Medulla (left) and cuticula (right) of Leptonycteris nivalis.
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Diphylla ecaudata - Hairy-legged Vampire Bat (ASNHC 6985)

Medulla not present. Cuticula coronal, simple. Each large scale accompanied by single small scale. SI=0.6;
WI=1; scale maximum d=13um.

SERS LAk B0 T, BE Gl i
- Hb DA T ol 5 Wl - T
AT el D TS 13550 Iegral b =i 20y (PEgTeg

Figure 19. Medulla (left) and cuticula (right) of Diphylla ecaudata.

Family Vespertilionidae
Mpyotis austroriparius - Southeastern Myotis (TTU 29077)

Medulla not present. Cuticula coronal, simple. Scales funnel-like, very uneven in shape and arrangement. SI=0.9;
WI=1.5; scale maximum d=10um.

TR [T Iimha-fm i n T S W T—
A FIDNE [MIF BN e mEm FR{2 AR08

LT heldam Doreiz o THETIER EEM Lao Sam Hescin Fiuin Usismily

Figure 20. Medulla (left) and cuticula (right) of Myotis austroriparius.
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Myotis californicus - California Myotis (SHM 194)

Medulla not present. Cuticula coronal, simple. Scales funnel-like, evenly arranged but uneven in shape. SI=0.7;
WI=2.1; scale maximum d=10um.

SEN LS 8000 T BE Dl i
e AR LT . F R 88 = wagd - THrss
NER- il Dnevica - T2 13530 Ip g Ll movi oy Poag T

Figure 21. Medulla (left) and cuticula (right) of Myotis californicus.

Myotis ciliolabrum - Western Small-footed Myotis (TTU 9151)

Medulla not present. Cuticula coronal, simple. Scales funnel-like, very uneven in shape and arrangement. SI=0.5;
WI=1.4; scale maximum d=10pum.

5

H 1D [MFF BN RES AW B FE{I CAELS
LT bl e TRETICER EEH Loz 5am Hegciyn flun Usigmily

Figure 22. Medulla (left) and cuticula (right) of Myotis ciliolabrum.
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Myotis septentrionalis - Northern Long-eared Myotis (TCWC 28746)

Medulla not present. Cuticula coronal, simple. Scales funnel-like, of uneven size and arrangement in some
places. SI=0.4; WI=2; scale maximum d=7pum.

- BB Dk T el R B8 waga = Tearss
AT el Dupvica- T3 13580 Ip s b i ooy waEgeg

Figure 23. Medulla (left) and cuticula (right) of Myotis septentrionalis.

Myotis thysanodes - Fringed Myotis (SHM 921)

Medulla not present. Cuticula coronal, simple. Scales funnel-like, even in shape and uneven in arrangement.
SI=0.7; WI=1.5; scale maximum d=10um.

SET LS 80 E T BE Dbt
Ei AN Dok U el Bl waga - Teares
NER il Duevicas T34 1 1030 I g Lo ek oy Poag g

Figure 24. Medulla (left) and cuticula (right) of Myotis thysanodes.
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Myotis velifer - Cave Myotis (SHM 138)

Medulla not present. Cuticula coronal, simple. Scales funnel-like and even. SI=0.6; WI=1.5; scale maximum
d=10um.

WAL i Deevice - THE 13538 I g b ssir ooy PRET

Figure 25. Medulla (left) and cuticula (right) of Myotis velifer.

Myotis volans - Long-legged Myotis (ASNHC 12237)

Medulla not present. Cuticula coronal, simple. Scales funnel-like, somewhat even. SI=0.5; WI=2; scale maxi-
mum d=7pm.

Lt s ] Dvevics: TR 13038 Tr g b v 20ry PRl

Figure 26. Medulla (left) and cuticula (right) of Myotis volans.
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Myotis yumanensis - Yuma Myotis (ASNHC 11584)

Medulla not present. Cuticula coronal, simple. Scales flat to funnel-like, uneven. SI=1.1; WI=1; scale maximum
d=8pum.

R Hbi O T et
_ WAL Dwevics- T3 1 3050 Trgra b miir ooy PREgag

Figure 27. Medulla (left) and cuticula (right) of Myotis yumanensis.

Lasiurus blossevillii - Western Red Bat (TCWC 56772)

Medulla not present. Cuticula coronal, simple. Scales funnel-like, uneven. SI=0.7; WI=1.5; scale maximum
d=10um.

WAL Dwevics- T3 1 3050 Trgrs b roir oy Poagrg

Figure 28. Medulla (left) and cuticula (right) of Lasiurus blossevillii.
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Lasiurus borealis - Eastern Red Bat (SHM 29)

Medulla not present. Cuticula coronal, simple. Scale arrangement rope-like, almost completely smooth. SI=0.5;
WI=1; scale maximum d=7um.

BE Dl
e HEn DATT ST A6l pm s - TeoEs
WAL i Ceevics - TSE 13538 [ grian LA =i oy PRl

Figure 29. Medulla (left) and cuticula (right) of Lasiurus borealis.

Lasiurus cinereus - Hoary Bat (SHM 196)

Medulla not present. Cuticula coronal, simple. Scale arrangement rope-like, one side smooth and other bumpy.
SI=0.7; WI=1.1; scale maximum d=7pm.

- R ] e i ST SlTa0E AEd pm s - TeoEs
5 ARE (Covican - THA 13550 [ grian LA =i oy PRl

Figure 30. Medulla (left) and cuticula (right) of Lasiurus cinereus.
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Lasiurus ega - Southern Yellow Bat (ASNHC 6994)

Medulla not present. Cuticula coronal, simple. Scales with uneven sides and orientation. SI=0.8; WI=1; scale
maximum d=10pm.

SETS LS 8008 DET BE
i B 5 - I R Hbi O T delmal
Ay - WAL Dwevics- T3 1 3050 Trgra b miir ooy PREgag

Figure 31. Medulla (left) and cuticula (right) of Lasiurus ega.

Lasiurus intermedius - Northern Yellow Bat (ASNHC 1409)

Medulla not present. Cuticula coronal, simple. Scales very slanted, one side smooth and other side bumpy.
SI=0.7; WI=I; scale maximum d=10um.

WAL Dwevics- T3 13580 Togrs b mic oy Pragrg

Figure 32. Medulla (left) and cuticula (right) of Lasiurus intermedius.
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Lasiurus seminolus - Seminole Bat (SHM 227)

Medulla not present. Cuticula coronal, simple. Scales uneven in shape and arrangement. SI=1.1; WI=1.2; scale
maximum d=20pm.

BRI LA 3G BE Dl hin
e b ST ST 62 = wigd - Tices
VAL i (Do - THE 13558 Ik g Lig g 0y PEET

Figure 33. Medulla (left) and cuticula (right) of Lasiurus seminolus.

Lasiurus xanthinus - Western Yellow Bat (ASNHC 11506)

Medulla not present. Cuticula coronal, simple. Scales of uneven size and arrangement. SI=1; WI=1.5; scale
maximum d=8um.
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Lasionycteris noctivagans - Silver-haired Bat (ASNHC 12898)

Medulla not present. Cuticula coronal, simple. Scales slanted and even. SI=0.7; WI=1; scale maximum
d=7pm.

d
- - Hb DA T S 8 W - Tances
- AT Daevice- TS 13550 Ir g b i ooy mg g

Figure 35. Medulla (left) and cuticula (right) of Lasionycteris noctivagans.

Pipistrellus hesperus - Western Pipistrelle (ASNHC 9161)

Medulla not present. Cuticula coronal, simple. Scales slanted and uneven. SI=1.5; WI=1; scale maximum
d=10um.

Figure 36. Medulla (left) and cuticula (right) of Pipistrellus hesperus.
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Pipistrellus (Perimyotis) subflavus - Eastern Pipistrelle (SHM 395)

Medulla not present. Cuticula coronal, simple. Scales slanted and even. SI=1; WI=1; scale maximum
d=10pm.

PL LIRS A0 E
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Figure 37. Medulla (left) and cuticula (right) of Pipistrellus (Perimyotis) subflavus.

Eptesicus fuscus - Big Brown Bat (SHM 902)

Medulla not present. Cuticula coronal, simple. Scales have indented wider part, not all equal. SI=1.2; WI=1;
scale maximum d=10pm.

Figure 38. Medulla (left) and cuticula (right) of Eptesicus fuscus.
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Nycticeius humeralis - Evening Bat (SHM 228)

Medulla not present. Cuticula coronal, simple. Scales uneven with ridges on both sides. SI=0.5; WI=1; scale
maximum d=7pm.

SF ) 80 i
B FRED DATT LA iEd o s o TisloEs
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Figure 39. Medulla (left) and cuticula (right) of Nycticeius humeralis.

Euderma maculatum - Spotted Bat (TCWC 26538)

Medulla not present. Cuticula coronal, simple. Scales slanted and uneven. SI=0.8; WI=1; scale maximum
d=8pm.

e A Dok B iy P 83 gl = TeaCas
WAL Dwevics- T3 1 3050 Trgra b miir ooy PREgag

Figure 40. Medulla (left) and cuticula (right) of Euderma maculatum.
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Corynorhinus rafinesquii - Rafinesque’s Big-eared Bat (TTU 45393)

Medulla not present. Cuticula coronal, simple. Scales funnel-shaped, slanted and uneven. SI=0.9; WI=2.1;
scale maximum d=13pm.

T [T lisba-in i P —
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Figure 41. Medulla (left) and cuticula (right) of Corynorhinus rafinesquii.

Corynorhinus townsendii - Townsend’s Big-eared Bat (ASNHC 11586)

Medulla not present. Cuticula coronal, simple. Scales very slanted and close to each other. SI=2.5; WI=1; scale
maximum d=8pum.

Y AR DA T T B s - T
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Figure 42. Medulla (left) and cuticula (right) of Corynorhinus townsendii.
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Antrozous pallidus - Pallid Bat (SHM 195)

Medulla not present. Cuticula coronal, simple. Scales funnel-shaped, spirally arranged. SI=0.5; WI=1.5; scale
maximum d=10pum.

Figure 43. Medulla (left) and cuticula (right) of Antrozous pallidus.

Family Molossidae
Tadarida brasiliensis - Brazilian Free-tailed Bat (SHM 167)

Medulla not present. Cuticula coronal, dentate. Scales have average of 6 very large indentations, with middle
one the largest. SI=1.1; WI=1.3; scale maximum d=16pm.

i
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Figure 44. Medulla (left) and cuticula (right) of Tadarida brasiliensis.
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Nyctinomops femorosaccus - Pocketed Free-tailed Bat (ASNHC 11529)

Medulla not present. Cuticula coronal, dentate. Scales have average of 8 indentations that are small and even.
SI=1.5; WI=3; scale maximum d=20pm.

Figure 45. Medulla (left) and cuticula (right) of Nyctinomops femorosaccus.

Nyctinomops macrotis - Big Free-tailed Bat (ASNHC 11588)

Medulla not present. Cuticula coronal, dentate. Scales have average of 8 indentations that are small and even.
SI=1.5; WI=1.3; scale maximum d=13um.

b
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Figure 46. Medulla (left) and cuticula (right) of Nyctinomops macrotis.
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Eumops perotis - Western Mastiff Bat (ASNHC 11527)

Medulla not present. Cuticula coronal, dentate. Scales have average of 8 indentations that are small and mostly
of same size. SI=1.2; WI=1.3; scale maximum d=13um.

i
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Figure 47. Medulla (left) and cuticula (right) of Eumops perotis.
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ORDER CARNIVORA — CARNIVORES

The medulla in all Carnivora is vacuolated to some degree.

10.

Medulla discontinuous, compound (Fig. 3)........ccoveeiriririreeeenininireeeeeeeeeeeeens Spilogale gracilis (Fig. 64)
MEdUILA CONEIMTOUS. ...ttt ettt ettt ettt ettt b et b et stk et ebese st et e et et eseseebenesebeneneas 2
Medulla homogeneous (Fig. 6).......ccceiriiuiriiirieirieeretrere ettt ettt ettt 3
MEAUILANOAOSE (FIZ. 5)..uivinieiinieiiieieieetet ettt ettt ettt ettt s et bes e bese s eneeseseesenesseneesansesan 11
Medulla MOt PENELIALEA. ........eveuieeeeiiieteierieie ettt ettt be st b et et es et st e s e e seseneseeseneeseseneeaas 4
MEAUILA PENELIATEA. ... ..ttt ettt ettt b et e bt e st be b et e besteneebesseneenenes 5
Medullanot completely penetrated...........oovevvieueirieieeinieieereneeereeieeee et Canis latrans (Fig. 48)
Medullanot penetrated ormixed homogeneous type aand b (Fig. 6)........ccooeeeveeerecenennenee Pantheraonca (Fig.74)
Medulla homogeneous tyPe @ (Fig. 6)......ccveveirireirieiieieirteteteie ettt ettt et saes 6
Medulla homogeneous tyPE D (Fi. 6).......ccvvueiriereeirieririeieirietiietesertetetstesesteteseesesetese e s sessssesessesessssesasesasenses 7
Cuticulaimbricate, flattened (Fig. 7¢), scales form wavy disturbedrows................ Conepatus leuconotus (Fig. 68)
Cuticula imbricate, undefined, scales wavy Where present..........c.veveveeeeeeeeecneeereens Taxidea taxus (Fig. 62)
Medulla occupies more than 1/2 0f Shaft..........coeueiieicieiieiciceee et 8
Medulla 0ccupies €NLITe SNALT..........c.cciriiriieere ettt b e sttt st 9
Cuticulaimbricate, flattened (Fig. 7¢), scales form wavy regularrows, shaftd=133pm............ Canis lupus (Fig.49)
Cuticula imbricate, flattened (Fig. 7¢), scales form wavy irregular rows,

SNATE A=T25 e Mephitis mephitis (Fig. 67)

Cuticulaflattened (Fig. 7e), shaft A=140m..........coovvevereieinireieeeeeeeeeeeeees Mephitis macroura (Fig. 66)
Cuticula Crenate (FiZ. 7d).....ccveieirieieieeeieeetetee ettt ettt ettt e e e et e s e s e s e s e s essessessensessessensensensensas 10
SHAft ASTOOLIN. ...ce ettt ettt e s s s e s sesesesaneesanen Vulpes vulpes (Fig. 52)

Shaft A= TOOMMN. c....oviieveeieieieieieeet ettt e b e b e bese s esa e saseeseneens Canis rufus (Fig. 50)
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Medulla unordered and undisturbed, cuticula imbricate,

flattened (FiZ. 7€) .ccuecvieviirieriieieeieetestee et Urocyon cinereoargenteus (Fig. 53)
Medulla continuous, n0dose typPe @ (FiZ. 5)....coiiiiirieieiereceee e 12
Medulla occupies entire SNAft..........c.ocveiiiiiiiiiriee ettt sttt et saeens 13
Medulla occupies less than entire Shaft..........c.cccvevieeiiiiiiiieiieee et 14
Scales smooth and form wavy rows, shaft d>130um...............cc......... Herpailurus yaguarondi (Fig. 72)
Scales and rows wavy, Shaft d<BOLML..........ccccveiririeieiiririeieeceeee et Lynx rufus (Fig. 73)
Medulla occupies more than 1/2 but less than entire shaft...............ccooeerreniiiieeeeceeeereeees 15
Medulla occupies <1/2 0f Shaft.........cooeoriiiriii ettt 23
Cuticula Crenate (FiZ. 7d)....cceiieirieieirieieieieeete ettt ettt a et b e b ese et e s s e s eseesessanseseesessanseneesensan 16
Cuticula flattened (Fig. 7€).....cueoveueeeiieieieirieteer ettt sttt ettt et e b s e et esene s senenesessenas 18
SRATt ASTOOIIMN....ceeevetieieieteeeee ettt ettt be e b et esaneens Vulpes velox (Fig. 51)
SHATt AT ....cveviieeietiicteeeee ettt ettt b et e s be st e s e besseseebessesaesassesaesessessesansesaesanseseesenseneans 17
Very large vacuoles appear occasionally, scales notalways visible............cocoeeevvuennnnnen. Mustelanigripes (Fig. 60)
SCALES ANATOWS WAVY......ouiieieeenirieieriisteiesitetetetstseesesesseseseseseseseseesesasessesesensesesasessesesenens Nasua narica (Fig. 58)
SRATE AZTOOIUINL ...ttt ettt ettt b bt e st b et e st s et e st bt e st s betens 19
SNATE ASTOOIINL .ttt b etttk ettt b b b e b b sttt st se ettt 20
Scales wavy but Ao not form real TOWS..........c.oveveieveieieieieieieieieeieee et seene Puma concolor (Fig. 69)
Vacuoles flattened, scales form extremely close and wWavy Tows...........ceveeeereirerinieeenennne. Mustelavison(Fig.61)
Vacuoles flattened.........ccoeueuiirieirieiiieiecee et nn Mustela frenata (Fig. 59)
Vacuoles NOt FlAtEENEA........ccviieeiriiieiieieeee ettt b et se st seese b eneeseeseneens 21
Shaft 80<ATOOLM.......cveeiieeeieieiiieeeree ettt sttt ene Spilogale putorius (Fig. 65)
SRATE ABOLUTNL ...ttt ettt ettt ettt b e b e st b e b e st e s enseseesanseneesenseneesesensesensensasenss 22
Scales and rows wavy and sometimes disturbed, shaftd=64pm............ccccovevvrrrerennnene. Leopardus pardalis (Fig.70)

Scales wavy and very close, shaft d=73 M ......cccocevreeeieiceeeeeeeeeeee Bassariscus astutus (Fig. 56)
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23. Medulla occupies 1/2 0fthe Shaft..........ccoeirieiirieiie e 24
Medulla occupies 1/3 0fthe Shaft.........c.ceirieieirieiieicecee e 25
24, Cuticula flattened (Fig. 7€).....eeveeeriririeieieeeeeeeeeee ettt Procyon lotor (Fig. 57)
Cuticula crenate (Fig. 7d)......cceoeriririeieierieeeeeieseeee et Ursus americanus (Fig. 54)
25. Medullamade of large square “cells”, shaft A=55Um........coevevereiiiiicccccceeee Leopardus wiedii (Fig.71)
Medulla not made of 1arge SqUATE “CEILS™........ccvvuiueiririeieieiee ettt 26
26. SHAft A=TO2 M.ttt Lontra canadensis (Fig. 63)
SHaft A=TO0MMN......veeivieieiceitete ettt b e b ettt beseebesesesessenn Ursus arctos (Fig. 55)

Family Canidae
Canis latrans - Coyote (SHM 53)

Medulla continuous, homogeneous but unpenetrated by light, vacuolated, occupies entire shaft. Cuticula imbri-
cate, crenate, scale edges smooth, rows very irregular and broken. Midshaft dia. 105 pm.
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Figure 48. Medulla (left) and cuticula (right) of Canis latrans.
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Canis lupus - Gray Wolf (TCWC 20852)

Medulla continuous, homogeneous type b, disturbed with vacuoles, occupies more than 1/2 of shaft. Cuticula
imbricate, flattened, with wavy scales and regular rows. Midshaft dia. 133pm.

SEN LALS 800 T BE Qi I
[ T UL 54
Lt s ] Dvevics: TR 13038 Tr g b v 20ry PRl

Figure 49. Medulla (left) and cuticula (right) of Canis lupus.

Canis rufus - Red Wolf (TCWC 6541)

Medulla continuous, homogeneous type b, vacuolated, occupies entire shaft. Cuticula imbricate, crenate, wavy
edges of scales with mosaic arrangement. Midshaft dia. 133um.
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Figure 50. Medulla (left) and cuticula (right) of Canis rufus.
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Vulpes velox - Swift or Kit Fox (SHM 174)

Medulla continuous, nodose type a, heavily vacuolated, occupies more than 1/2 of shaft. Cuticula imbricate,
crenate, scales smooth and tall, rows irregular. Midshaft dia. 130um.
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Figure 51. Medulla (left) and cuticula (right) of Vulpes velox.

Vulpes vulpes - Red Fox (ASNHC 1018)

Medulla continuous, homogeneous type b, disturbed by vacuoles, occupies entire shaft. Cuticula imbricate, cren-

ate, with irregular rows. Midshaft dia. 82um.
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Figure 52. Medulla (left) and cuticula (right) of Vulpes vulpes.
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Urocyon cinereoargenteus - Common Gray Fox (SHM 268)

Medulla continuous, nodose type b, unordered, undisturbed, flattened “cells”, occupies more than
1/2 of shaft. Cuticula imbricate, flattened, with smooth scales. Midshaft dia. 140um.
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Figure 53. Medulla (left) and cuticula (right) of Urocyon cinereoargenteus.

Family Ursidae
Ursus americanus - American Black Bear (uncataloged specimen, OSUCOV)

Medulla continuous, nodose type a, flattened “cells”, occupies 1/3 to 1/2 of shaft. Cuticula imbricate, crenate,
smooth to wavy large scales with mosaic arrangement. Midshaft dia. 102pum.

SER LS ST, L Gl i
Y AR DATE- i B s - T
WAL i E Dwrvice- TS 13050 Il b ok ooy PR

Figure 54. Medulla (left) and cuticula (right) of Ursus americanus.
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Ursus arctos - Grizzly or Brown Bear (TTU 109057)

Medulla continuous, nodose type a, flattened “cells”, vacuolated, occupies 1/3 of shaft. Cuticula imbricate, cren-
ate, with smooth large scales in broken rows. Midshaft dia. 100pm.
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Figure 55. Medulla (left) and cuticula (right) of Ursus arctos.

Family Procyonidae
Bassariscus astutus - Ringtail (SHM 295)

Medulla continuous, nodose type a, occupies more than 1/2 of shaft. Cuticula imbricate, flattened, scales wavy
and very close to each other. Midshaft dia. 73um.
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Figure 56. Medulla (left) and cuticula (right) of Bassariscus astutus.
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Procyon lotor - Northern Raccoon (SHM 522)

Medulla continuous, nodose type a, vacuolated, occupies 1/2 of shaft. Cuticula imbricate, flattened, with irregular
rows. Midshaft dia. 113um.
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Figure 57. Medulla (left) and cuticula (right) of Procyon lotor.
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Nasua narica - White-nosed Coati (ASNHC 2674)

Medulla continuous, nodose type a, vacuolated, occupies more than 1/2 of shaft. Cuticula imbricate, crenate, with
wavy rows. Midshaft dia. 60pum.
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Figure 58. Medulla (left) and cuticula (right) of Nasua narica.
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Family Mustelidae
Mustela frenata - Long-tailed Weasel (SHM 193)

Medulla continuous, nodose type a, vacuolated, occupies more than 1/2 of shaft. Cuticula imbricate, flattened,
with irregular rows. Midshaft dia. 78um.
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Figure 59. Medulla (left) and cuticula (right) of Mustela frenata.

Mustela nigripes - Black-footed Ferret (OSUCOV 9266)

Medulla continuous, nodose type a, vacuolated, occupies more than 1/2 of shaft, some vacuoles very large and
round. Cuticula imbricate, crenate, with large scales that are visible only occasionally. Midshaft dia. 85um.

SERS LAk S0 T, BE Dalethir
- HOD DA T AT S F8E pm W - Tearws
LED el Duevina- TS24 13580 e b i oy PEgTg

Figure 60. Medulla (left) and cuticula (right) of Mustela nigripes.
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Mustela vison - American Mink (SHM 925)

Medulla continuous, nodose type a, fully vacuolated, occupies more than 1/2 of shaft. Cuticula imbricate, flat-
tened, extremely close and wavy rows. Midshaft dia. 140um.
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Figure 61. Medulla (left) and cuticula (right) of Mustela vison.

Taxidea taxus - American Badger (SHM 677)

Medulla continuous, homogeneous type a, vacuolated, occupies 1/3 of shaft. Cuticula imbricate, undefined, rows
wavy when present. Midshaft dia. 120um.

Figure 62. Medulla (left) and cuticula (right) of Taxidea taxus.
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Lontra canadensis - Northern River Otter (SHM 971)

Medulla continuous, nodose type a, vacuolated, flattened “cells”, occupies 1/3 of shaft. Cuticula imbricate, flat-
tened, wavy scales and rows, 1-2 scales per row. Midshaft dia. 162um.

Figure 63. Medulla (left) and cuticula (right) of Lontra canadensis.

Family Mephitidae
Spilogale gracilis - Western Spotted Skunk (ASNHC 10967)

Medulla discontinuous, compound ovate, “cells” form 2 columns, most rows fused, occupies more than 1/2 of
shaft. Cuticula imbricate, flattened, wavy and parallel rows. Midshaft dia. 118um.
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Figure 64. Medulla (left) and cuticula (right) of Spilogale gracilis.
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Spilogale putorius - Eastern Spotted Skunk (SHM 208)

Medulla continuous, nodose type a, fully vacuolated, occupies more than 1/2 of shaft. Cuticula imbricate, flat-
tened, wavy scales and rows. Midshaft dia. 90um.

VAL i Cieica - THA 13550 Ik g Lig g 0y PEET
Figure 65. Medulla (left) and cuticula (right) of Spilogale putorius.
Mephitis macroura - Hooded Skunk (TCWC-catalog number not recorded)

Medulla continuous, homogeneous type b, vacuolated, occupies entire shaft. Cuticula imbricate, flattened, wavy
scales and disturbed rows. Midshaft dia. 140um.
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Figure 66. Medulla (left) and cuticula (right) of Mephitis macroura.
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Mephitis mephitis - Striped Skunk (SHM 69)

Medulla continuous, homogeneous type b, vacuolated, occupies more than 1/2 of shaft. Cuticula imbricate, flat-
tened, wavy and irregular rows. Midshaft dia. 125um.

AL i iDeevice - TE2 | 3558 I e L sl ooy PEETE

Figure 67. Medulla (left) and cuticula (right) of Mephitis mephitis.

Conepatus leuconotus - Hog-nosed Skunk (SHM 257)

Medulla continuous, homogeneous type a, vacuolated, occupies 1/3 of shaft. Cuticula imbricate, flattened, wavy
scales and disturbed rows. Midshaft dia. 137um.

Figure 68. Medulla (left) and cuticula (right) of Conepatus leuconotus.
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Family Felidae
Puma concolor - Mountain Lion (SHM 287)

Medulla continuous, nodose type a, vacuolated, occupies more than 1/2 of shaft. Cuticula imbricate, flattened,

wavy scales, no rows. Midshaft dia. 100pm.
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Figure 69. Medulla (left) and cuticula (right) of Puma concolor.
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Leopardus pardalis - Ocelot (TCWC 12945)

Medulla continuous, nodose type a, vacuolated, occupies more than 1/2 of shaft. Cuticula imbricate, flattened,
wavy scales, some rows disturbed. Midshaft dia. 64pm.
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Figure 70. Medulla (left) and cuticula (right) of Leopardus pardalis.
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Leopardus wiedii — Margay (Houston Zoological Park)

Medulla continuous, nodose type a, with large square “cells”, occupies 1/3 of shaft. Cuticula imbricate, flattened,

1-2 wavy scales per row. Midshaft dia. S5um.
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Figure 71. Medulla (left) and cuticula (right) of Leopardus wiedii.

Herpailurus yaguarondi - Jaguarundi (ASNHC 3891)

Medulla continuous, nodose type a, vacuolated, occupies entire shaft. Cuticula imbricate, flattened, smooth and
small scales. Midshaft dia. 134pum.

ﬂ i
Figure 72. Medulla (left) and cuticula (right) of Herpailurus yaguarondi.



DEBELICA AND THIES—ATLAS AND KEY OF TERRESTRIAL TEXAS MAMMAL HAIR 47

Lynx rufus - Bobcat (SHM 246)

Medulla continuous, nodose type a, vacuolated, occupies entire shaft. Cuticula imbricate, flattened, with wavy
scales and rows. Midshaft dia. 62um.
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Figure 73. Medulla (left) and cuticula (right) of Lynx rufus.

Panthera onca - Jaguar (TTU 59091)

Medulla continuous, homogeneous mixed type a and b or not penetrated, occupies from 1/3 to entire shaft. Cu-
ticula imbricate, crenate, with wavy and irregular scales and rows, often disturbed. Midshaft dia. 95um.
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Figure 74. Medulla (left) and cuticula (right) of Panthera onca.
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ORDER PERISSODACTYLA — ODD-TOED UNGULATES
1. Medulla discontinuous, fragmental (Fig. 4)..........ccccceeveiriereerinenieeeeeeeeeeeee s Equus caballus (Fig.75)
MedUlla CONEINMUOUS......c.erveieriietirieerieeeieete ettt ettt sttt be st st eebe e ene Equus asinus (Fig. 76)
Family Equuidae
Equus caballus - *Horse (TTU 40986)

Medulla discontinuous, fragmental type a, occupies 1/3 of shaft. Cuticula imbricate, flattened, with irregular and
wavy rows. Midshaft dia. 116pum.
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Figure 75. Medulla (left) and cuticula (right) of Equus caballus.
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Equus asinus - *Donkey (R. Smith)

Medulla continuous, homogeneous type a, occupies more than 1/2 of shaft. Cuticula imbricate, flattened, with
irregular and wavy rows. Midshaft dia. 93um.

Figure 76. Medulla (left) and cuticula (right) of Equus asinus.
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11.
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ORDER ARTIODACTYLA — EVEN-TOED UNGULATES

Medulla discontinuous, fragmental (Fig. 4)........cccceueueeueerieirieerereeriessesseeseses e .Bos bison (Fig. 85)
Medulla cOntINUOUS (FIZS. 50)...c.erveuirieririeirieirierie ettt ettt ettt sttt sttt te e e be e be e ebenees 2
Medulla homOogenEOUS (FiZ. 6).......ccueirieiieiieirieisietetee sttt sttt ettt te e be e be e ese s esessesessesesesensns 3
MEdUILANOAOSE (FIZ. 5).vvvevieieiiieiiietiieitetst ettt ettt ettt ettt bese b esesbeseebeseebaseesaseesassesassesassesesesenes 5
Medulla homogeneous type a (Fig. 6).......ccoveueueiririririeieeinirieieeeceeteteeeieeeee et eeeenes Lama glama (Fig. 79)
Medullaotherthan homogeneoustypea (Fig. 6), not penetrated, cuticulaflattened (Fig. 7€)........ccovevevernirirreennnnn 4
ROWS ClOSE aNA WAVY....c.coviiiiieiiieieiiieiecse ettt Pecaritajacu (Fig. 78)
Scalesabsentinmanyareas, inplaces where scales arepresentrowsare closeandwavy................ Susscrofa (Fig.77)
Medulla is dISTUIDEM. .......oueuirieieeiieieieie ettt sttt et s b e s et sen e eesene e e senan 6
Medulla is DOt AISTUIDEM. .....coveveviiririeieiiecccec ettt ettt ettt a et se st b nens 7
Cortical intrusions present, shaft d>100UM........cccvevvierereeiiiirieeeecceesee e Capra hircus (Fig. 90)
Medullaoccupies 1/3 of the shaft, shaft A<IO0M..........ccoovereerririeieiieeeeeeeeee e Ovis aries (Fig. 86)
Cuticula flattened (Fig. 7€).....ceoerririeieieiirieieieirieeiee et sens Antilope cervicapra (Fig. 89)
Cuticula Crenate (FiZ. 7d)....cceoieirieieieiirieieieetete ettt ettt a et et e b seeseebessesaesessesseseesessensensesenns 8

Cuticula has “fish scale” pattern, scales oval and uniform in shape,

scales lay close to the surface of the hair...........cccoeeieviiiinieiiccies Antilocapra americana (Fig. 84)
Cuticula does not have “fish SCAIE” PALLEITL........c.ccirirrereiriereriirieieriie ettt e bbb se s s sesessesens 9
Medulla occupies entire Shaft..........co.ceeevueerirnieinrieeee s Ovis canadensis (Fig. 87)
Medulla occupies less than entire Shaft...........coeeeieeirieiinineieceee ettt 10
Medulla occupies 1/2 0F SRaft.........coceieieiiiiieeeer ettt b e saesessessens 11
Medulla occupies more than 1/2 0 Shaft..........ccoveiirireiiie e 12
Medullanotrounded, scales smooth, shaft d<200pm.............cccoevevereeeieieeerereieeeeieeeenas Cervus elaphus (Fig. 81)

Medullarounded, scales smooth, shaft d>200pm.........c.cccveererinnnrnninceieeene. Odocoileus hemionus (Fig. 82)
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12. Cuticula has “elephant skin” appearance, shaft dA<100pm..........cccccvvvrerrerererirernennnen. Ammotragus lervia (Fig. 88)
Cuticula does not have “elephant Skin” apPEaranCe............ccceeveveueeririereririeiereririeeeseseeesteseesesseseesesseseeeenes 13
13. Scales not smooth, TowWs diSturbed...........ccccvvveviiiieiiirieiieeeeee e Cervus axis (Fig. 80)
Scales SMOOTN.........covieuiirieiiieieree ettt Odocoileus virginiana (Fig. 83)

Family Suidae

Sus scrofa - *Feral Pig (SHM 972)

Medulla continuous, homogeneous, not penetrated, and occupies entire shaft. Cuticula imbricate, flattened, scales
often absent in large areas but when present form extremely close and wavy rows. Midshaft dia. 270um.
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Figure 77. Medulla (left) and cuticula (right) of Sus scrofa.
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Family Tayassuidae
Pecari tajacu - Collared Peccary (SHM 973)

Medulla continuous, homogeneous, completely unpenetrated and occupies entire shaft. Cuticula imbricate, flat-
tened, with extremely close and wavy rows. Midshaft dia. 224um.
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Figure 78. Medulla (left) and cuticula (right) of Pecari tajacu.

Family Camelidae
Lama glama - *Lama (R. Smith)

Medulla continuous, homogeneous type a, occupies 1/3 of shaft. Cuticula imbricate, crenate, scales not smooth,
with parallel and equal rows. Midshaft dia. 56pm.
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Figure 79. Medulla (left) and cuticula (right) of Lama glama.
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Family Cervidae
Cervus axis - *Axis Deer (SHM 974)

Medulla continuous, nodose type b, unordered and undisturbed, and occupies more than 1/2 of shaft. Cuticula
imbricate, crenate, scales not smooth, rows broken. Midshaft dia. 115um.
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Figure 80. Medulla (left) and cuticula (right) of Cervus axis.

Cervus elaphus — Elk (SHM 975)

Medulla continuous, nodose type b, unordered and undisturbed, not rounded, and occupies 1/2 of shaft. Cuticula
imbricate, crenate, scales not smooth, rows uneven. Midshaft dia. 175um.
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Figure 81. Medulla (left) and cuticula (right) of Cervus elaphus.
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Odocoileus hemionus - Mule Deer (SHM 362)

Medulla continuous, nodose type b, unordered and undisturbed, rounded, and occupies 1/2 of shaft. Cuticula
imbricate, crenate, smooth scales, mosaic, “elephant skin” pattern. Midshaft dia. 245um.
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Figure 82. Medulla (left) and cuticula (right) of Odocoileus hemionus.

Odocoileus virginianus - White-tailed Deer (ASNHC 7040)

Medulla continuous, nodose type b, unordered, undisturbed, central part is best differentiated, occupies more than
1/2 of shaft. Cuticula imbricate, crenate, smooth scales. Midshaft dia. 125um.

Figure 83. Medulla (left) and cuticula (right) of Odocoileus virginianus.
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Family Antilocapridae
Antilocapra americana - Pronghorn (ASNHC 7924)

Medulla continuous, nodose type b, unordered, undisturbed. Cuticula imbricate, crenate, fish scale-like. Midshaft
dia. 425um.

Figure 84. Medulla (left) and cuticula (right) of Antilocapra americana.

Family Bovidae
Bos bison - American Bison (TTU 40503)

Medulla discontinuous, fragmental type a, large chunks of medulla occasionally present occupying more than 1/3
of shaft. Cuticula imbricate, crenate, wavy scales, irregular and disrupted rows. Midshaft dia. 97um.
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Figure 85. Medulla (left) and cuticula (right) of Bos bison.
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Ovis aries - *Domestic Sheep (R. Smith)

Medulla continuous, nodose type b, unordered, disturbed, and occupies 1/3 of shaft. Cuticula imbricate, crenate,
scales tall and not smooth, rows parallel and equal. Midshaft dia. 30um.
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Figure 86. Medulla (left) and cuticula (right) of Ovis aries.

Ovis canadensis - Bighorn Sheep (TTU 40394)

Medulla continuous, nodose type b, unordered and undisturbed, rounded, formed by “cells” uneven in size, and
occupies entire shaft. Cuticula imbricate, crenate, wavy scales, irregular and disrupted rows. Midshaft dia.
130pum.
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Figure 87. Medulla (left) and cuticula (right) of Ovis canadensis.
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Ammotragus lervia - *Barbary Sheep or Aoudad (OSUCOV 12107)

Medulla continuous, nodose type b, unordered and undisturbed, “cells” are somewhat square, and occupies more
than 1/2 of shaft. Cuticula imbricate, crenate, with “elephant-skin” pattern, smooth scales, some rows disturbed.
Midshaft dia. 80pm.
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Figure 88. Medulla (left) and cuticula (right) of Ammotragus lervia.

Antilope cervicapra - *Blackbuck (TTU 109508)

Medulla continuous, nodose type b, unordered and undisturbed, “cells” very flattened, and occupies more than 1/2
of shaft. Cuticula imbricate, flattened, with wavy scales and rows, multiple scales/row. Midshaft dia. 135um.
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Figure 89. Medulla (left) and cuticula (right) of Antilope cervicapra.
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Capra hircus - *Goat (R. Smith)

Medulla continuous, nodose type b, unordered, disturbed, with cortical intrusions. Cuticula imbricate, flattened,
with irregular and wavy rows. Midshaft dia. 203um.
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10.

11.

12.

ORDER RODENTIA

Medulla diSCONtINUOUS (FIZ. 24).....cviviieieieieisieeisieteietete ettt sttt sesbesassesessesessesassssasessasassesansesanens 2
Medulla cONtiNUOUS (FIZ. 5760)....ccuerieiiiirieieiieieietereet ettt ettt st ettt ettt be st et ebesaeneas 57
MedUlla SIMPIE (FIZ. 2)..cuveviieeiieiiieiirieiirteistee ettt sttt ettt a et st et e sesesessesessesessesassesessassesassssanseseneas 3
Medulla other than SIMPLE.........c.ecirieueiririeieieec ettt a e s e eeesene 6
Medulla SImpIe tyPe € (FIZ. 2C)..uvvrirrererriiririeieieiirinieieieeertstete e eseessenns Ochrotomys nuttalli (Fig. 136)
Medulla SIMPIE tYPE & (FIZ. 28)....ueveieeiieieirieiiieieiriettteeeste ettt ss et ss s e e s aese s sesesesesesesensens 4
Medulla “Cells” SQUATE.........o.eveuerireeeeiririeeeirteie ettt Onychomys leucogaster (Fig. 139)
MeEdUILa “CEIIS™ NOL SQUATE........cevererirteeieieieterteetetetetestettetestetestesesteseetensesesseneesensesessesessensesassesessensesensesesseneasans 5
Medulla “Cells” OVAl.......ceiiririririeieieiee e Peromyscus attwateri (Fig. 128)
Medulla “cells” rectangular.............coeeerriereririreirreeeeeee s Peromyscus maniculatus (Fig. 133)
Medulla fragmental (FIZ. 4).......ooeoieieieieieieieietetesteteteste ettt ettt et eetese e stessesassensesessessesessensesassensasens 7
Medulla cCOMPOUNA (FIZ. 3)..ueiviieriieiiieiiieiietetetrtets ettt b b s b b e sesesbe e sessesassesasesesens 14
Medulla fragmental type a (F1g. 4@)......ccccvrvvirireereeeeeiriririeieieeieeeneeese et Castor canadensis (Fig. 121)
Medulla fragmental But NOttYPE @ (FIZ. 4).....cueovvveveiirieieiieieeirteietet ettt ettt ettt ettt s s s asessesesaneenes 8
Medulla fragmental type b (FiZ. 4D).....ccveueirieuiirieieeee ettt sttt 9
Medulla fragmental tyPe C (FIZ. 4C)....ceirireiririeeiirieiiiriereieteiestete et ete et s et besaseesesaseeseseneesesanesens 11
Shaft A>300LM. ......c.cueeeeiieieireeteiecee ettt Liomys irroratus (Fig. 120)
SNATE ASBOOUINL .ottt b ettt et b bbb bttt st st seetene 10
Shaft A<TOOMM.....ceeveeiieieieieiieee ettt enas Ammospermophilus interpres (Fig. 92)
Shaft 100<A<BO0LUTL......cveirriieieieeeieeteesee et ee et e s esse e sesseseesesseseas Erethizon dorsatum (Fig. 153)
Scales flattened (Fig. 7€)......eeirveueiriereiieieiieieenieteee et Spermophilus variegatus (Fig. 96)
Scales other than flAtteNEd............ccovveiiirieieieeeeee ettt sttt s se e sbe e et assesessasaesans 12
Scales acUMINALE (FIZ. 7D)....coveirieirieirieieieeieeie ettt sttt sttt sttt bt et et be e e be e be e ebeneene 13

Scales elongate (FiZ. 7C)....cecurueueiririeieirieieeirieieeete et aees Sigmodon ochrognathus (Fig. 142)
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24.
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Shaft d>200LM......cveieieirieieieieee ettt ne Rattus norvegicus (Fig. 150)
Shaft A<200M. ....coveeieieeiieiiieieeeie ettt sttt e et ete e ssesessesasesansesaneesanens Rattus rattus (Fig. 151)
MEAUILA OVALE (FIZ. 3 ).ttt ettt sttt st sttt sttt et et et be e e be e beneene 15
Medulla other than OVALE (FiZ. 3).......ccecirieeirieieirieieirieteieiete sttt tes ettt se e se s e esesensssesenessesensesenan 24
SCALES ClONZALE (FIZ. 7C).cuvevirieriieriietiiietiiteterieitete ettt et ettt et tesbete s eses s et e s esesbesessesesasaesessesassesansesensesensasen 16
Scales Crenate (FiZ. 7d).....ceireeireerieerieese ettt ettt ettt b et b et st sttt e st st e e teneee 17
Medullar “cells” form 3 COIUMNS, NOTOWS........c.cvevererererereierereiereieieeieeeesesennns Dipodomys compactus (Fig. 115)
Medullar “cells” form 2 columns, most rows fused............ocererereeererenenenenee Reithrodontomys humulis (Fig. 125)
Shaft A=90LML.......cveiieieieeece ettt Ondatra zibethicus (Fig. 149)
SRATE AOOLUN. ...ttt ettt ettt et e s et esa et e besseseesesseseesesseseesansesasassesaesanseneesensessasenes 18
Medulla fOrms 2 COIUMMS. ......c.cooveviuiririeiciriniec ettt ettt ettt ettt ettt sa s snene 19
Medulla forms more than 2 COIUMNS.......c.ccuvurveueuiiirniirieieiei ettt ettt seee 20
Shaft A=60LM.........ccovriieieirieeee et ee Peromyscus gossypinus (Fig. 131)
Shaft A=30LM.......oviieieeiieiee et Peromyscus leucopus (Fig. 132)
Medulla fOrmMS 3 COIUMMS........c.coieiiieirieieteietertee ettt ettt st te e te st e e s be st esesaesesseseeseneesassesessensesansesensesense 22
Medulla forms 4 COIUIMNS........cc.oueuiiiiiieiiecicce ettt ettt 21
Shaft A=8O0ML....c.eeeveieieieeceee et .Dipodomys spectabilis (Fig. 119)
Shaft A=40LM.......oviiieeiieeeeeee ettt b Dipodomys elator (Fig. 116)
Shaft A>TOMML....einieieeee ettt st Oryzomys couesi (Fig. 122)
SRATE ACTOIIN. ...ttt ettt ettt ettt ettt e e et e be st eseese st eseebenseseesanseseasansessesanseneesensensasenes 23
Shaft SOKACTOUML....c.eeeieeiieieeieeee et sse e Cratogeomys castanops (Fig. 108)
Shaft AAOLUM. ...ttt Dipodomys merriami (Fig. 117)
Medulla flattened (FIZ. 3)....cvoieieirieieieieirieieeie ettt ettt et be b b e be s eseebesaesessesessesaesenseseane 25

Medulla mixed ovate and flattened (Fig. 3)......ccveeirrieieiiree ettt 55
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

SCALES OVALE (FIZ. 7). cuiieeiieeiieite ettt ettt ettt et b et e s e st e s e st e s et et et esensesensenesenen 26
Scales Other than OVALE (FIZ. 7)......ccoeeeirieieirieieirieeiieeet ettt sese s se s se e sesessesesansesesansesesensesann 28
Medulla forms 3 COIUMNS........co.eueviiririeieiirireiecreee e Geomys texensis (Fig. 107)
Medulla does N0t fOIM COIUMIS........euiriririeieiiiiririeieteicerrtet ettt ettt ettt se s s s b sene 27
Shaft A<BOLML. ....ceiiieeeieeec et Peromyscus eremicus (Fig. 130)
Shaft >0 ...c..oeeieeiiee ettt nes Mus musculus (Fig. 152)
SCales C1ONZALE (FIZ. 7C).uvevireriieriietirieiirieirtetete e tet ettt te ettt et et s e se s esesbesessesesseneesensesensesensesensesensesen 29
Scales other than eloNGAte (Fig. 7).......evvueueuereeeierirrririe ettt ettt se e eneees 33
Scales With SIMPIE PALEEITL.......c.ceveuirieieiiieieieietertee ettt ettt et s te e tesesestesessensesessenessensesassesessansasens 31
Scales With MiXed V and W PALEIT.........c.ccvvueueirieieirieieirieteisteietsteteese et sesesesesesesessesesassesesensesesensesesenes 30
Medulla forms 2 columns withrough edges...........cccceeeeeeiiiinrereenenee Reithrodontomys montanus (Fig. 127)
Medulla forms 4 COIUMNS........cccoveveuiririeieieiieieieeeteteee ettt seseenes Microtus pinetorum (Fig. 148)
Medulla fOrms 2 COIUMNS........ccvoueueiiirieieiee ettt sttt e st s e et tesene s eseneneesees 32
Medulla forms 3 COIUMNS.........ccvvveuriririeiiirieiereee et Peromyscus boylii (Fig. 129)
Shaft A>20M.....vieiieiiieiiece et b e Thomomys bottae (Fig. 101)
Shaft ATOLML .....oveeiirieieeee sttt Onychomys arenicola (Fig. 138)
Scales CreNate (FiZ. 7d).....ceoieveireirieieieisieeeiee ettt ettt ettt ettt s e st et te e te e sse e esenesseneeseneesaneens 34
Scales flatteNed (FiZ. 7€) ...coveirieerieirieierieeeieisiee ettt ettt te et et e be st e be s ese e ebe s se s esessesesesassesensesensns 49
SRATE A0 .....veiieieeiieteciee ettt ettt et e s e b e s es et eses e s et ese s esesesseseseasesasesesensrsesasersesann 35
SRATE ACOOIUN. ...ttt ettt et et e et et e st ese b et eseebenseseesenseseesanseneesanseneesensensesenes 36
Scales smooth and long, giving appearance of elephant skin...............cccccvevvnneeee. Chaetodipus hispidus (Fig. 113)
Rows 0f scales iTe@UIAL...........ceeeerieveeiirieiecreeeceieecsee e Spermophilus tridecemlineatus (Fig. 95)
SHATt SOCACTOMIN. ...ttt ettt ettt seesesbe s ese s e sesseseesesessessesessessessesessassessesessensessasenss 37

SHAft ACSOLUTLL ..ottt ettt e e et e st e b e b e st e seaseeseessessessensessesssassessensessensensensenseans 41
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Medullar columns diStUrbed...........cceveueirirreirieieiririeereeeeeee et Sigmodon hispidus (Fig. 141)
Medullar columns NOt AISTUIDEA. .........co.viieiiieeeeeeeee ettt e et e e e et e e aeseaeeseneesaeans 38
Medulla forms 2 undisturbed columns............ccoceeeeverrieeeeeninnnrrienen Reithrodontomys megalotis (Fig. 126)
Medulla forms more than 2 undisturbed COTUMNS..........c.oovuiiiiiiiiiieeeeeeeeeee ettt 39
Medulla forms 3 undisturbed COIUMDNS........c.ceueurrrereriririrrieeeee e Geomys bursarius (Fig. 104)
Medulla forms more than 3 undisturbed COIUMNS..........cooeviiiiiiiiiecieceeeeceee et 40

Scales smooth, 1-2 scales/row, medulla sometimes visible on

cuticular pPhotOZraph..........ceueieiriririeeirreee s Perognathus flavescens (Fig. 109)
Scales Wavy, 1-3 SCAlES/TOW......c.ccvvuruereiririeieieeririeie ettt Microtus mexicanus (Fig. 146)
Allrows inmedullaheavily fused............coeeeieininininieieeeeeeeeeee e Geomys arenarius (Fig. 103)
Notall rows I MedUlla fUSE.......c.covirieieiiiiiiieeccc et nene 42
Medulla fOrms 2 COMUMMS. ......c.covrieiieiririeieirtriete ettt ettt sttt sttt skttt b et b e neee 43
Medulla forms more than 2 COIUMMNS...........ccieueiririeirieeirieeieieest et ete ettt be e s e e ese e e esesessesaseesesassens 47
Medulla forms mix of 2 and 3 columns...........cccceeevueeeueeiniririeeeeeeeeee e Neotoma micropus (Fig. 145)
Medulla fOrms 2 COIUMMS. .....c.courueuiiieieiiirieie ettt ettt sttt sttt bene 44
Cortical intrusions give appearance of 2 extra columns at edges of shaft..... Reithrodontomys fulvescens (Fig. 124)
NO COTtICAl INTIUSIONS PIESENL........ueeveuieviieiirieietertetieteteteteteete e etestesestenestetesestenestensesessesessensesesenessensesensesens 45
SCALES WAVY.....cuerieriietiietiieteeteresessesesseseseseseseseseseesesessesasesassesessesansesassesesesesssens Peromyscus truei (Fig. 135)
SCALES SOOI ...ttt et ettt a et n et ne 46
Shaft 40<ASOOMN. ...cveeieieeiieieeeteete ettt sse e be e naens Baiomys taylori (Fig. 137)
Shaft A<AOUML......ovevieieieieieie ettt sens Peromyscus pectoralis (Fig. 134)
Medulla forms mix of 3 and 4 COIUMNS...........ccovveeirireririririririrrereeeeeeeeeeieieiees Geomys knoxjonesi (Fig. 105)
Medulla fOrms 3 COIUMMS.......c.couiueuiiiieiiiee ettt ettt ettt sttt st b et beee 48
ROWS fOIME.......ceiiiiiieiiieiec e Perognathus merriami (Fig. 111)

ROWS N0t fOIME........oooiieiieiieiieeeee e Perognathus flavus (Fig. 110)
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49. SNATE AZ TOOIUIN ...ttt bbbttt ettt bbb sttt et b b et et b e st sttt st eeesenan 50
SRATt AT .....veveeieeieieieietee ettt ettt ettt et te b et e beseese s eseesesseneeseseseeseasensesessansesesensesensansesenss 51
50. Shaft =T I3 M. .ttt Chaetodipus intermedius (Fig. 113)
Shaft =T 2 TN vttt Chaetodipus nelsoni (Fig. 114)
51. Medullar columns diStUrbed O @DSENL...........c.ccvrveirieriirieiieteestetete ettt ettt sseseeese e s sessesesens 52
Medullar columns formed and UndiSturbed............c.ccoccvririiieiiiinnnnccccreeecc e 53
52. Shaft Q0<A<TOOUM......coveeeereeieieeieeteeeteeeee ettt ettt sa e se e saese e sseseneens Sigmodon fulviventer (Fig. 140)
Shaft A<OOLUT. .....c.eeeeiieiiiereetetet ettt s Neotoma floridana (Fig. 143)
53. Shaft 80<A<TOOIT. ......eeveveeiieeiieieeeeeete ettt aeee Geomys personatus (Fig. 106)
SRATt ABOLUNL ...ttt ettt ettt ettt e et e bese et e bessesesbe st eseebessesasansesaesansesaesansensesensessasenes 54
54. Shaft =72 ..o Geomys breviceps (Fig. 103)
SRAft A=54LUM.....eeieiieeeeee ettt Oryzomys palustris (Fig. 123)
55. Scales crenate (Fig. 7d)......covveveirinieiiiieieeiesieeeetetee e eas Microtus ochrogaster (Fig. 147)
Scales 10NZAE (FIZ. 7C).uvruirieuirieiirietirie ettt ettt ettt ettt et b et b et ss et ese e s et esesenn 56
56. Medulla forms 5 columns, shaft d=28..........ccoeveieeeeiiiieeeee e, .Dipodomys ordii (Fig. 118)
Medulla forms 1 column, shaft d=62...........ccocoreueiennnnniecreeeeene Neotoma mexicana (Fig. 146)
57. Medulla NOdoSe tyPE @ (FiZ. S)....cveveeirieieieieieirieieirteetrteie sttt ettt s et te s se s se s sesensssesansesenensesenen 58
Medulla Nodose tyPE D (FiZ. SD)...ccveuiieiiirieiiieieiseteeee ettt ettt se bbb e e s saseene 60
58. Scales crenate (Fig. 7d).......coveeerrieeiririeieerisiee et Glaucomys volans (Fig. 100)
Scales flatteNed (FiZ. 7€) ...eoveerteerieirieerieerieeste sttt ettt ettt ettt be et e e ebe e e se e esesaesessesessesensenensens 59
59. Medullar “cells” flattened...........cooveevecererieiirieieieeeeee s Mpyocastor coypus (Fig. 154)
Medulla disrupted with cortical INtrUSIONS........cceeeeereereeririereirieieereeeeeereeene Cynomys ludovicianus (Fig. 97)
60. Medulla diSTUIDE..........cueieieiieeiieiciietcee et eaens Sciurus caroliensis (Fig. 98)

MeAUITA UNAISTUIDEM. ......cooevieeeie ettt et e et e e eae e e erteeenseeesaeeeenseeenseeereeeeneeean 61
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Scales flattened (Fig. 7€).....ceeiririrueiiririeeiiieie ettt Spermophilus mexicanus (Fig. 93)
Scales Crenate (FiZ. 7d).....ceoieveireirieirieisteestetetet sttt ettt ettt be e b se e s e s b e b e s e s esessese st esessesessenensanense 62
Shaft > TOOIM. ...ttt Spermophilus spilosoma (Fig. 94)
SNATE ACTOOIUIN ...ttt ettt bbbttt sttt b b s se et e e e et bebebebebenenee e st eeesena 63
Shaft 70<d<100pm, Scales SMOOth...........cccvririereriiririeee e Sciurus niger (Fig. 99)
Shaft d<OOUM, SCALES WAVY.......c.covreeieirieieriirieieiiieie ettt ettt ettt seseeesenen Tamias canipes (Fig.91)

Family Sciuridae

Tamias canipes - Gray-footed Chipmunk (TCWC 48007)

Medulla continuous, nodose type b, unordered, undisturbed, flattened, some places appear to be arranged in
columns. Cuticula imbricate, crenate, with wavy and irregular rows. Midshaft dia. 53pm.
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Figure 91. Medulla (left) and cuticula (right) of Tamias canipes.
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Ammospermophilus interpres - Texas Antelope Squirrel (SHM 98)

Medulla discontinuous, fragmental type b, mostly covered by cortical intrusions. Cuticula imbricate, crenate,
with wavy and irregular rows. Midshaft dia. 95um.
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Figure 92. Medulla (left) and cuticula (right) of Ammospermophilus interpres.

Spermophilus mexicanus - Mexican Ground Squirrel (SHM 88)

Medulla continuous, nodose type b, unordered, undisturbed, flattened, mosaic, and occupies more than 1/2 of
shaft. Cuticula imbricate, flattened, rows regular but distorted on the edges. Midshaft dia. 138um.

Figure 93. Medulla (left) and cuticula (right) of Spermophilus mexicanus.
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Spermophilus spilosoma - Spotted Ground Squirrel (ASNHC 5029)

Medulla continuous, nodose type b, unordered, undisturbed, flattened, mosaic, and occupies more than 1/2 of
shaft. Cuticula imbricate, crenate, scales and rows wavy and irregular. Midshaft dia. 135um.
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Figure 94. Medulla (left) and cuticula (right) of Spermophilus spilosoma.

Spermophilus tridecemlineatus - Thirteen-lined Ground Squirrel (SHM 211)

Medulla discontinuous, compound, flattened, multiple columns with some rows fused. Cuticula imbricate, cren-

ate, with irregular rows. Midshaft dia. 90um.

SPE LU 800 SET EE Cuplelen

e Fbind DA S
Al R Dwevica T2 13558 I e b sl ooy PRGTE

Figure 95. Medulla (left) and cuticula (right) of Spermophilus tridecemlineatus.
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Spermophilus variegatus - Rock Squirrel (SHM 183)

Medulla discontinuous, fragmental type c, with cortical intrusions that are broken only in the center. Cuticula
imbricate, flattened, smooth scales, mostly one scale per row. Midshaft dia. 110pm.
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Figure 96. Medulla (left) and cuticula (right) of Spermophilus variegatus.

Cynomys ludovicianus - Black-tailed Prairie Dog (SHM 288)

Medulla continuous, nodose type a, disrupted, cortical intrusions, and occupies more than 1/2 of shaft. Cuticula
imbricate, flattened, with very wavy and irregular scales and rows. Midshaft dia. 125um.
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Figure 97. Medulla (left) and cuticula (right) of Cynomys ludovicianus.
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Sciurus caroliensis - Eastern Gray Squirrel (SHM 689)

Medulla continuous, nodose type b, unordered, disturbed, flattened with cortical intrusions on the edges, and oc-
cupies more than 1/2 of shaft. Cuticula imbricate, crenate, with wavy and broken rows. Midshaft dia. 76pm.

Figure 98. Medulla (left) and cuticula (right) of Sciurus caroliensis.

Sciurus niger - Eastern Fox Squirrel (SHM 318)

Medulla continuous, nodose type b, unordered, undisturbed, flattened, and occupies more than 1/2 of shaft. Cu-
ticula imbricate, crenate, scales smooth, 1-3 scales/row. Midshaft dia. 78um.
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Figure 99. Medulla (left) and cuticula (right) of Sciurus niger:



DEBELICA AND THIES—ATLAS AND KEY OF TERRESTRIAL TEXAS MAMMAL HAIR 69

Glaucomys volans - Southern Flying Squirrel (SHM 369)

Medulla continuous, nodose type a, and occupies most of shaft. Cuticula imbricate, crenate, smooth scales, 1-3
scales/row. Midshaft dia. 50um.
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Figure 100. Medulla (left) and cuticula (right) of Glaucomys volans.

Family Geomyidae
Thomomys bottae - Botta’s Pocket Gopher (ASNHC 8677)

Medulla discontinuous, compound, flattened, 2 columns of “cells”, most rows fused. Cuticula imbricate, elongate,
with smooth scales. Midshaft dia. 26um.
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Figure 101. Medulla (left) and cuticula (right) of Thomomys bottae.
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Geomys arenarius - Desert Pocket Gopher (ASNHC 7740)

Medulla discontinuous, compound, flattened, rows heavily fused. Cuticula imbricate, crenate, long scales with
wavy rows. Midshaft dia. 40um.
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Figure 102. Medulla (left) and cuticula (right) of Geomys arenarius.

Geomys breviceps - Baird’s Pocket Gopher (SHM 153)

Medulla discontinuous, compound, flattened, 3 columns, some rows fused. Cuticula imbricate, flattened, very
wavy and irregular. Midshaft dia. 72um.
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Figure 103. Medulla (left) and cuticula (right) of Geomys breviceps.
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Geomys bursarius - Plains Pocket Gopher (SHM 383)

Medulla discontinuous, compound, flattened, 3 columns, non-fused rows. Cuticula imbricate, crenate, smooth
scales, 1-2 scales/row. Midshaft dia. 52um.
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Figure 104. Medulla (left) and cuticula (right) of Geomys bursarius.

Geomys knoxjonesi - Jones’ Pocket Gopher (ASNHC 970)

Medulla discontinuous, compound, flattened, 3-4 columns, some rows partially fused. Cuticula imbricate, cren-
ate, 1-2 scales/row with irregular rows. Midshaft dia. 36um.
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Figure 105. Medulla (left) and cuticula (right) of Geomys knoxjonesi.
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Geomys personatus - Texas Pocket Gopher (ASNHC 11391)

Medulla discontinuous, compound, flattened, with most rows fused. Cuticula imbricate, flattened, with wavy and
irregular scales and rows. Midshaft dia. 85um.
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Figure 106. Medulla (left) and cuticula (right) of Geomys personatus.

Geomys texensis - Llano Pocket Gopher (ASNHC 10939)

Medulla discontinuous, compound, flattened, 3 columns, rows formed. Cuticula imbricate, ovate, with visible
medulla. Midshaft dia. 34um.
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Figure 107. Medulla (left) and cuticula (right) of Geomys texensis.
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Cratogeomys castanops - Yellow-faced Pocket Gopher (SHM 99)

Medulla discontinuous, compound, ovate, 3 columns, some rows appear, rows not fused. Cuticula imbricate,
crenate, small scales with wavy rows. Midshaft dia. 58um.
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Figure 108. Medulla (left) and cuticula (right) of Cratogeomys castanops.

Family Heteromyidae

Perognathus flavescens - Plains Pocket Mouse (ASNHC 3635)

Medulla discontinuous, compound, flattened, more than 4 columns, with rows formed and mostly fused. Cuticula
imbricate, crenate, smooth scales, 1-2 scales/rows, medulla apparent in some places. Midshaft dia. 60um.
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Figure 109. Medulla (left) and cuticula (right) of Perognathus flavescens.
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Perognathus flavus - Silky Pocket Mouse (ASNHC 3713)

Medulla discontinuous, compound, flattened, 3 columns, no rows formed, and occupies entire shaft. Cuticula
imbricate, crenate, smooth scales, 1-2 long scales/row, medulla somewhat visible. Midshaft dia. 45pm.
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Figure 110. Medulla (left) and cuticula (right) of Perognathus flavus.

Perognathus merriami - Merriam’s Pocket Mouse (SHM 704)

Medulla discontinuous, compound, flattened, 3 columns, rows formed but not fused. Cuticula imbricate, crenate,
rows curved and parallel, medulla visible. Midshaft dia. 45um.
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Figure 111. Medulla (left) and cuticula (right) of Perognathus merriami.
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Chaetodipus hispidus - Hispid Pocket Mouse (SHM 25)

Medulla discontinuous, compound, flattened, more than 3 columns, rows not formed. Cuticula imbricate, crenate,
with long smooth scales, elephant skin-like. Midshaft dia. 96um.
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Figure 112. Medulla (left) and cuticula (right) of Chaetodipus hispidus.

Chaetodipus intermedius - Rock Pocket Mouse (ASNHC 12113)

Medulla discontinuous, compound, flattened, more than 3 columns, rows formed. Cuticula imbricate, flattened,
smooth scales with multiple scales/row. Midshaft dia. 113pum.
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Figure 113. Medulla (left) and cuticula (right) of Chaetodipus intermedius.
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Chaetodipus nelsoni - Nelson’s Pocket Mouse (ASNHC 9208)

Medulla discontinuous, compound, flattened, with more than 3 columns, some rows formed. Cuticula imbricate,
flattened, smooth scales, multiple scales/row. Midshaft dia. 121pum.
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Figure 114. Medulla (left) and cuticula (right) of Chaetodipus nelsoni.

Dipodomys compactus - Gulf Coast Kangaroo Rat (SHM 627)

Medulla discontinuous, compound, ovate, 3 columns, no rows formed, and occupies entire shaft. Cuticula im-
bricate, elongate, scales smooth, rows close and form V-pattern. Midshaft dia. 28um.

i
e BEBIDd DA G Ed m v o Tislcws
Al R Dwevica T2 13558 I e b sl ooy PRGTE

Figure 115. Medulla (left) and cuticula (right) of Dipodomys compactus.
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Dipodomys elator - Texas Kangaroo Rat (ASNHC 4306)

Medulla discontinuous, compound, ovate, 4 columns, no rows formed, mosaic arrangement. Cuticula imbricate,
crenate, smooth scales, 1-3 scales/row. Midshaft dia. 40um.

Figure 116. Medulla (left) and cuticula (right) of Dipodomys elator.

Dipodomys merriami - Merriam’s Kangaroo Rat (SHM 219)

Medulla discontinuous, compound, ovate, 3 columns, no rows formed, and occupies entire shaft. Cuticula im-
bricate, crenate, with V-pattern in some places. Midshaft dia. 34um.
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Figure 117. Medulla (left) and cuticula (right) of Dipodomys merriami.
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Dipodomys ordii - Ord’s Kangaroo Rat (SHM 634)

Medulla discontinuous, compound, mixed ovate and flattened, 5 columns, central columns ovate, edge columns
flattened, no rows. Cuticula imbricate, elongate, mixed V- and W-pattern. Midshaft dia. 28pum.
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Figure 118. Medulla (left) and cuticula (right) of Dipodomys ordii.

Dipodomys spectabilis - Banner-tailed Kangaroo Rat (SHM 172)

Medulla discontinuous, compound, ovate, 4 columns, completely unordered. Cuticula imbricate, crenate, smooth
scales, 1-3 scales/row, often disturbed. Midshaft dia. 80um.
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Figure 119. Medulla (left) and cuticula (right) of Dipodomys spectabilis.
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Liomys irroratus - Mexican Spiny Pocket Mouse (SHM 107)

Medulla discontinuous, fragmental type b, needle-like structures in central area. Cuticula imbricate, flattened,
scales have wavy edges, with “large-wave” pattern of rows. Midshaft dia. 385um.

Figure 120. Medulla (left) and cuticula (right) of Liomys irroratus.

Family Castoridae

Castor canadensis - American Beaver (SHM 303)

Medulla discontinuous, fragmental type a, cortical intrusions around medulla. Cuticula imbricate, crenate, with
wavy scales and rows. Midshaft dia. 135um.
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Figure 121. Medulla (left) and cuticula (right) of Castor canadensis.
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Family Cricetidae
Oryzomys couesi - Coues’ Rice Rat (SHM 361)

Medulla discontinuous, compound, ovate, 3 columns, some rows fused, and occupies entire shaft. Cuticula im-
bricate, crenate, scales not smooth, rows wavy and irregular. Midshaft dia. 75pm.
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Figure 122. Medulla (left) and cuticula (right) of Oryzomys couesi.

Oryzomys palustris - Marsh Rice Rat (SHM 63)

Medulla discontinuous, compound, flattened, 3 columns, some rows fused, and occupies entire shaft. Cuticula is
imbricate, flattened, with wavy rows and edges, some V-pattern present. Midshaft dia. 54um.
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Figure 123. Medulla (left) and cuticula (right) of Oryzomys palustris.
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Reithrodontomys fulvescens - Fulvous Harvest Mouse (SHM 47)

Medulla discontinuous, compound, flattened, 2 columns in central part, no rows formed, cortical intrusions give
appearance of 2 additional columns at the edges. Cuticula imbricate, crenate, smooth scales, 2-3 scales per row,
rows parallel. Midshaft dia. 43um.
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Figure 124. Medulla (left) and cuticula (right) of Reithrodontomys fulvescens.

Reithrodontomys humulis - Eastern Harvest Mouse (SHM 131)

Medulla discontinuous, compound, ovate, 2 columns, most rows fused, and occupies more than 1/2 of shaft.
Cuticula imbricate, elongate, scales not smooth and uniform, rows have mixed V- and W-pattern. Midshaft dia.
43um.
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Figure 125. Medulla (left) and cuticula (right) of Reithrodontomys humulis.
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Reithrodontomys megalotis - Western Harvest Mouse (SHM 24)

Medulla discontinuous, compound, flattened, 2 columns, some rows fused, and occupies entire shaft. Cuticula
imbricate, crenate, smooth scales, 1-3 scales/row, rows parallel. Midshaft dia. S6um.
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Figure 126. Medulla (left) and cuticula (right) of Reithrodontomys megalotis.

Reithrodontomys montanus - Plain Harvest Mouse (SHM 131)

Medulla discontinuous, compound, flattened, 2 columns, rows formed but not fused, edges show pattern of scales.
Cuticula imbricate, elongate, scales smooth, rows have mixed V- and W-pattern. Midshaft dia. 41um.
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Figure 127. Medulla (left) and cuticula (right) of Reithrodontomys montanus.
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Peromyscus attwateri - Texas Mouse (SHM 679)

Medulla discontinuous, simple type a, oval, and occupies entire shaft. Cuticula imbricate, crenate, scales not
smooth, 1-2 scales/row. Midshaft dia. 29um.
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Figure 128. Medulla (left) and cuticula (right) of Peromyscus attwatersi.

Peromyscus boylii - Brush Mouse (TTU 75769)

Medulla discontinuous, compound, flattened, 3 columns, columns disrupted in some places, no rows formed, and
occupies more than 1/2 of shaft. Cuticula imbricate, elongate with simple pattern. Midshaft dia. 17um.
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Figure 129. Medulla (left) and cuticula (right) of Peromyscus boylii.
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Peromyscus eremicus - Cactus Mouse (SHM 184)

Medulla discontinuous, compound, flattened, columns undefined, row fused with occasional interruptions in
central area. Cuticula imbricate, ovate, mosaic, medulla visible. Midshaft dia. 25um.
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Figure 130. Medulla (left) and cuticula (right) of Peromyscus eremicus.

Peromyscus gossypinus - Cotton Mouse (SHM 192)

Medulla discontinuous, compound, ovate, 2 columns, some rows fused, rough edges. Cuticula imbricate, crenate,
smooth scales, 1-3 scales/row with some rows disturbed. Midshaft dia. 61um.
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Figure 131. Medulla (left) and cuticula (right) of Peromyscus gossypinus.
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Peromyscus leucopus - White-footed Mouse (SHM 386)

Medulla discontinuous, compound, ovate, 2 columns, rows fused when formed but not numerous. Cuticula im-
bricate, crenate, scales not smooth, rows broken, 1-3 scales/row. Midshaft dia. 33um.
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Figure 132. Medulla (left) and cuticula (right) of Peromyscus leucopus.

Peromyscus maniculatus - Deer Mouse (SHM 281)

Medulla discontinuous, simple type a, rectangular “cells”, and occupies entire shaft. Cuticula imbricate, crenate,
scales not smooth, rows broken, 1-3 scales/row. Midshaft dia. 42pum.
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Figure 133. Medulla (left) and cuticula (right) of Peromyscus maniculatus.
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Peromyscus pectoralis - White-ankled Mouse (SHM 296)

Medulla discontinuous, compound, flattened, 2 columns, rows fused when formed but not numerous. Cuticula
imbricate, crenate, scales smooth, 1-2 scales/row with some rows disturbed. Midshaft dia. 35um.

e BEBIDd DA Stk Ed m v o Tislcws
Al R Dwevica - T3 13558 I e b sl ooy PRGTE

Figure 134. Medulla (left) and cuticula (right) of Peromyscus pectoralis.

Peromyscus truei - Pinyon Mouse (SHM 618)

Medulla discontinuous, compound, flattened, 2 columns, most rows formed, no fused rows, and occupies more than
1/2 of shaft. Cuticula imbricate, crenate, wavy scales, rows disturbed, 1-2 scales/row. Midshaft dia. 25um.
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Figure 135. Medulla (left) and cuticula (right) of Peromyscus truei.
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Ochrotomys nuttalli - Golden Mouse (SHM 189)

Medulla discontinuous, simple type ¢, very flattened, and occupies more than 1/2 of shaft. Cuticula imbricate,
crenate, smooth scales, 12 scales/row, not all rows parallel. Midshaft dia. 43um.
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Figure 136. Medulla (left) and cuticula (right) of Ochrotomys nuttalli.

Baiomys taylori - Northern Pygmy Mouse (SHM 143)

Medulla discontinuous, compound, flattened, 2 columns, some rows fused, and occupies more than 1/2 of shaft.
Cuticula imbricate, crenate, smooth scales, some rows disturbed. Midshaft dia. 43um.

Figure 137. Medulla (left) and cuticula (right) of Baiomys taylori.
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Onychomys arenicola - Mearns’ Grasshopper Mouse (ASNHC 10185)

Medulla discontinuous, compound, flattened, 2 columns, some rows fused, and occupies more than 1/2 of shaft.
Cuticula imbricate, elongate, pattern simple. Midshaft dia. 8um.
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Figure 138. Medulla (left) and cuticula (right) of Onychomys arenicola.

Onychomys leucogaster - Northern Grasshopper Mouse (SHM 976)

Medulla discontinuous, simple type a, square, and occupies entire shaft. Cuticula imbricate, crenate, scales not
smooth, parallel rows sometimes broken by U-pattern. Midshaft dia. 30um.
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Figure 139. Medulla (left) and cuticula (right) of Onychomys leucogaster.
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Sigmodon fulviventer - Tawny-bellied Cotton Rat (ASNHC 7861)

Medulla discontinuous, compound, flattened, disturbed columns, rows mostly fused, and occupies entire shaft.
Cuticula imbricate, crenate, flattened, with wavy scales and rows. Midshaft dia. 93um.

Figure 140. Medulla (left) and cuticula (right) of Sigmodon fulviventer.

Sigmodon hispidus - Hispid Cotton Rat (SHM 77)

Medulla discontinuous, compound, flattened, columns disturbed, fused rows, and occupies more than 1/2 of shaft.
Cuticula imbricate, crenate, smooth scales, 1-2 scales/rows. Midshaft dia. 65um.
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Figure 141. Medulla (left) and cuticula (right) of Sigmodon hispidus.
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Sigmodon ochrognathus - Yellow-nosed Cotton Rat (ASNHC 1083)

Medulla discontinuous, fragmental type c, cortical intrusions present throughout entire shaft. Cuticula imbricate,
elongate, diamond pattern. Midshaft dia. 110um.
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Figure 142. Medulla (left) and cuticula (right) of Sigmodon ochrognathus.

Neotoma floridana - Eastern Woodrat (SHM 229)

Medulla discontinuous, compound, flattened, no columns, most rows fused, some rows disturbed. Cuticula im-
bricate, flattened, scales wavy and not smooth, rows parallel. Midshaft dia. 53um.
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Figure 143. Medulla (left) and cuticula (right) of Neotoma floridana.
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Neotoma mexicana - Mexican Woodrat (ASNHC 569)

Medulla discontinuous, compound, mixed, single central column ovate, edge columns flattened, no rows. Cuticula
imbricate, elongate, smooth scales, U-pattern, medulla very visible. Midshaft dia. S5um.
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Figure 144. Medulla (left) and cuticula (right) of Neotoma mexicana.

Neotoma micropus - Southern Plains Woodrat (SHM 58)

Medulla discontinuous, compound, flattened, 2-3 columns, no rows. Cuticula imbricate, crenate, smooth scales,
1-2 scales/row. Midshaft dia. 32pm.
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Figure 145. Medulla (left) and cuticula (right) of Neotoma micropus.
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Microtus mexicanus - Mexican Vole (ASNHC 1178)

Medulla discontinuous, compound, flattened, 5 columns, some rows formed, and occupies entire shaft. Cuticula
imbricate, crenate, wavy scales, 1-2 scales/row, and rows parallel. Midshaft dia. 64um.
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Figure 146. Medulla (left) and cuticula (right) of Microtus mexicanus.

Microtus ochrogaster - Prairie Vole (SHM 385)

Medulla discontinuous, compound, mixed, 4 columns, no rows, central columns ovate, edge columns flattened.
Cuticula imbricate, crenate, smooth scales, 1-3 scales/row, and rows indented. Midshaft dia. 96um.
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Figure 147. Medulla (left) and cuticula (right) of Microtus ochrogaster.
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Microtus pinetorum - Woodland Vole (SHM 130)

Medulla discontinuous, compound, flattened, 4 columns, some rows formed, and occupies entire shaft. Cuticula
imbricate, elongate, smooth scales, mixed V- and W-patterns. Midshaft dia. 40um.
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Figure 148. Medulla (left) and cuticula (right) of Microtus pinetorum.

Ondatra zibethicus - Muskrat (TTU 92623)

Medulla discontinuous, compound, ovate, no columns, most rows fused, and occupies 1/2 of shaft. Cuticula
imbricate, crenate, smooth scales with mosaic arrangement. Midshaft dia. 90um.
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Figure 149. Medulla (left) and cuticula (right) of Ondatra zibethicus.
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Family Muridae
Rattus norvegicus - *Norway Rat (SHM 117)

Medulla discontinuous, fragmental type c, cortical intrusions only absent in central area. Cuticula imbricate,

Rattus rattus - *Roof Rat (SHM 272)

Medulla discontinuous, fragmental type c, cortical intrusions cover entire shaft. Cuticula imbricate, acuminate,
forms W-pattern. Midshaft dia. 134um.
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Mus musculus - *House Mouse (SHM 124)

Medulla discontinuous, compound, flattened, no columns formed, cortical intrusions present on edges. Cuticula
imbricate, ovate, smooth scales, mosaic. Midshaft dia. 45um.
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Figure 152. Medulla (left) and cuticula (right) of Mus musculus.

Family Erethizontidae
Erethizon dorsatum - North American Porcupine (SHM 207)

Medulla discontinuous, fragmental type b, extensive cortical intrusions and occupies more than 1/2 of shaft.
Cuticula imbricate, crenate, smooth scales and broken rows. Midshaft dia. 152pum.
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Figure 153. Medulla (left) and cuticula (right) of Erethizon dorsatum.
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Family Myocastoridae
Mpyocastor coypus - *Nutria (SHM 329)

Medulla continuous, nodose type a, flattened “cells”, some appearance of rows. Cuticula imbricate, flattened,
wavy and irregular scales and rows. Midshaft dia. 130pm.

Figure 154. Medulla (left) and cuticula (right) of Myocastor coypus.
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ORDER LAGOMORPHA - HARES AND RABBITS

Medulla continuous, nodose type b (Fig. 5b), “cells,” ordered in columns.

1. “Cells” ordered in 3 straight cCOIUMNS...........cccceeiririeiereeiieeeeeeee e Lepus californicus (Fig. 159)
“Cells” ordered in MOTe than 3 COIUMMNS. ..........eueueueurieeeieieieieieieieieieeeee ettt sttt seteaeaeaesenas 2
2. “Cells” ordered in 4-6 COIUMNS. .........ccceueuirieieirieiiiee ettt ettt be st eseseeses et esesessesensesesensesan 3
“Cells” ordered in MOre than 8 COIUMMS...........ceciririeuiirieietiirteetrtee ettt es e se e s sesansesesesaasesesenes 4
3. Columns rounded, not entire shaft...........ccocoveeiiinnnieiieccce Sylvilagus audobonii (Fig. 156)
Columns not rounded, entire shaft...........cccocoveeiinnneeeieecccee Sylvilagus floridanus (Fig. 157)
4. Cuticula flattened (Fig. 7€), 10 V-pattern...........ccocovereerureeereriririeceeeeesseseeenns Sylvilagus aquaticus (Fig. 155)
Cuticula flattened (Fig. 7€), deep V-pattern.........cccouveveeveueeeinererireeeeeeereseeeenene Sylvilagus robustus (Fig. 158)
Family Leporidae

Sylvilagus aquaticus - Swamp Rabbit (SHM 159)

Medulla continuous, nodose type b, ordered, more than 8 rows. Cuticula imbricate, flattened, smooth scales with
parallel rows. Midshaft dia. 158um.

L [Coevica - THE 13288 e griam L =oir oy wgr@

Figure 155. Medulla (left) and cuticula (right) of Sylvilagus aquaticus.
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Sylvilagus audobonii - Desert Cottontail (ASNHC 630)

Medulla continuous, nodose type b, ordered, less than 6 rows, and occupies more than 1/2 of shaft. Cuticula
imbricate, flattened, scales hardly visible, and medulla is visible. Midshaft dia. 112um.
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Figure 156. Medulla (left) and cuticula (right) of Sylvilagus audobonii.

Sylvilagus floridanus - Eastern Cottontail (SHM 508)

Medulla continuous, nodose type b, ordered, less than 6 rows, and occupies entire shaft. Cuticula imbricate, flat-
tened, scales wavy and hardly visible. Midshaft dia. 187um.
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- FEBD DA G AEE o s o Tielces
i al iR D THE 135580 e Uig i oy PRETF

Figure 157. Medulla (left) and cuticula (right) of Sylvilagus floridanus.
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Sylvilagus robustus - Davis Mountains Cottontail (ASNHC 1138)

Medulla continuous, nodose type b, ordered, more than 8 rows. Cuticula imbricate, flattened, forms deep V-pattern
with rows almost vertical. Midshaft dia. 112um.

: . X ol W oy AL R Tupvica: TS13550 e e |
Figure 158. Medulla (left) and cuticula (right) of Sylvilagus robustus.
Lepus californicus - Black-tailed Jackrabbit (SHM 38)

Medulla continuous, nodose type b, ordered, with less than 4 rows. Cuticula imbricate, crenate, smooth scales,
with rows forming mixed V- and W-pattern. Midshaft dia. 116pum.
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Figure 159. Medulla (left) and cuticula (right) of Lepus californicus.
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ORDER PRIMATES — MAN

Medulla continuous, fragmental type a (Fig. 4a), and in some places absent.
Cuticula imbricate, crenate (Fig. 7d), with fully formed rows..........cccccevervinienieneenenne Homo sapiens (Fig. 160)

Family Hominidae

Homo sapiens — Humans (A. Debelica)

Medulla discontinuous, fragmental type a, completely absent in some places. Cuticula imbricate, crenate, with

rows not fully formed. Midshaft dia. 37um.

gl Lsic i vy e

Figure 160. Medulla (left) and cuticula (right) of Homo sapiens.
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