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INTRODUCTION

Specialized scent glands occur in a variety of mammalian orders,
_rafging from the primitive Insectivores to the highly advanced Primates.
Among the rodents, a diverse number of specialized glands have evolved
in various locations on the body., The most common type found in the

Order Rodentia is the helocrine sebaceous gland; Since odora are of
importance to rodents for communication purposes, it is of interest to
study those glands that are involved in producing scent. The histology
and behavioral implications of these glandular regions have become a
major topic ofAintereét in understanding the species,

Among the Nearctic cricetine genera, midventral sebaceoqs glands

are found in Sigmddon, Peromyscus, and Neotoma. In the genus Neotoma,

only casual observations of the glandular region have been recordéd
(Poole, 1940; Linsdale and Tevis, 1951; Rainey, 1956; and Spencer, 1968).
In view of the fact that a void exists in the knowledge of the
apecialiied midventral gland, this study was initiated, Research was
conducted in order to establish basic data concerning the development,
structure, and funetion of the midventral gland in the’Eastern Wood Rat,

Neotomé floridana,

The study was resolved into the following phases:

1. Relationship of gland size to sex, age, and breeding season,
2, Descriptien of glandular histology.

3, Influences of gonadal hormones on glandular de#elopment.

4. Basic histochemical properties of the gland regiom,

Literature Review

Histoleogical studies of specialized scent glands have been



conducted on a number of different mammals, The gland lecation varies
considerably as shown by the following examples: there is a dorsal rump
gland in the peccary Cﬁerner, et, al,, 1952), a chin gland in rabbits
" (Mykytowycz, 1968), para-anal glands in the fruit bat (Quay, 197C), and
interdigital, metatarsal, and tarsal glands in deer (Quay, 1959, 1971;
Quay and Muller-Schwarze, 1970, 1971)o Nﬁmerous additional examples of
gland locations and uses are given by Ewer (1968),
Among the rodents, the glandular regions of a few species have
been described in detail, but more often reference to these areas has
been in conjunction with other studies, Quay (1965) described the
possibilities of determining the taxonomic status of species in the genus
Perognathus by the development and structure of the sebacecus caudal
gland, Thiessen, eb, al, (1968) studied the territorial marking behavior
of the Mongolian gerbil which possesses an abdominal sebaceous gland,
Montagna and Noback described the preputial gland (1946) and the
histochemical properties of unépecialized sebaceous glands (1947) of
 the laboratory rat, The effects of haormones upon sebaceous glands have

been studied in the albine rat, Rattus (Ebling, 1948, 1951); the

Mongolian gerbil, Meriones unguicunlatus (Glenn and Gray, 1965); and the

Deer Mouse, Peromyscus maniculatus (Blum, et, al., 1971; Doty and Kart,

1972),

Midventral specialized sebaceous glands have been described in

- Rattus exulans (Quay a2nd Tomich, 1963), Meriones unguiculatus (Glenn and

Gray, 1965) and Peromyscus sp. (Richland and Boslund, 1952; Doty and
‘Kart, 1972) and in eleven species of Malaysian murids (Rudd, 1966),
Distinet variations in glandular histology are evident but in each species

- gland size is dependent on sex, age, or reproductive state,




The first description of midveniral glands in the genus Neotoma
was by Howell (1926), He described males of N, cinerea as having

"a thickened derwal area midventrally...In females this
portion of the integument is barely thicker than over

the remainder of the animal, Microscopic examination of
vertical sections of this area shows many enlarged,

highly specialized glandular masses of the sebaceous

type., Some are engorged with secretion and appear as

though they were accompanied by a progressive breaking

down of the more ental cells, They are separated by
trabeculae, carrying the secretion to the external surface,"'

He concluded by stating that this glandular area apparently acts as a

scent gland.

Vestal (1938) did not mention an abdominal gland in Neotoma fuscipes

but obsgrved that in houses of adult males there was a strong musky odor
which increased in intensity during the breeding season. Poole (1940)
described a ventral area void of hair along the midline of the abdomen
in both sexes of N, f. magister, The hair around this region was con-
tinually discolored while the animals were sexually active, He further
described rubbing of the abdomen and hindquarters along the ground during
the breeding season,
The staining of the venter by secretions from the abdominal gland
in N, fuscipes was carefully recorded by Linsdale and Tevis (1951),
They found that all adult and subadult males showed staining, while
only a few females 5ad discolored venters, Individual variatiom in
gland activity was fﬁund, as well as marked differences due to age, sex,
- and breeding season,
Rainey (1956}, studying ﬂ;'floridana, observed thet there was a
- seasonal intensity of the ventral staining, and that the stain was most
pronounced in older méles; only one adult fémale was found with the

midventral stain., By comparison, adult males of N, micropus have a more




conspicuous glandular region than N, floridana (Spencer, 1968), Spencer
noted that histological sections of the veniral gland revealed an abundance

of sebaceous glands which were larger and more numerous in adult males

in May and September than in December, He also observed that captive

adult males spent considerable time dragging their venters over ob jects,




METHODS AND MATERTALS

Specimens of Neotoma floridana osagensis used in this study were

"collected from Lyon and Chase counties, which are in the eastern third
of Kansas, The primary habitat of wood rats in this area is along the
numerous Osage Orange hedgerows that border fields and roads. Thorny
branches from these trees are used in conétruction of the hoﬁses and
afford the occupants a secure shelter,

Wood rats were trappea monthly from August, 1972 through July, 1973,
Live traps, baited with peanut butter, were placed at the entrances of
active rat houses, Occupation of the houses was determined by the
presence of fresh leaf cuttings and fresh fecal pellets aroﬁnd and upon
the houses, Both homemade and commercially—made-live traps (Fig. 1)
were utilized, with about equal ggccess;

Trapped rats were taken to the laboratory and housed individually in
cages‘measuring 25 x 20 x 18 centimeters, Rats being held for latér
experimeﬁts were fed Purina Laboratory Chow and occasional tidbits of
lettuce and apple, along with a constant supply of water. No attempt

was made to control the light cycle in the laboratory; therefore, rats

kept indoors were only used for thosé studies which would not be affected

—by a changing light cycle,

Histology
4 Preparations of the midventral gland were made in order to study
the microscopic elements of the glandular region., Ether asphyxiation
'was utilized to kill the rats prior to gland removal, The ventor of

the rat was shaven and gland length and width were measured to the nearest

millimeter, Either the entire gland and one centimeter of surrounding



Fig. 1. Live traps utilized for the capture of wood rats in this
study.
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skin, or specific portions of the gland, were excised and put into
Bouin's fixative for 24 hours. The tissue was then dehydrated by immersion

in successive ethanol baths of 70, 95, and 100 per cent solutioms,

‘followed by xylene: alcohol (1:1), xylene, and then embedded in Tissue

Prep (paraffin). Tissue blocks were either sectioned transversely or
longitudinally at 10 microns and the sections stained in Delafield's
hematoxylin and Eosin Y. For comparative purposes, similar sections were
prepared of skin lateral to the abdominal gland,

Slides were observed with a Bausch and Lombe light microscope
equipped withmannpétical,micrometer; Each glandular alveolus was
measured,at_itslwideSt Point_By ex§mining serial_sections,and,uéing7
the section shqwing the maximum size. These diameters were then averaged
in order'to:havé a;éingle average alveolar width for each rat, Individual
cells in the alveoli were randomly cho;en and measured to determine an
average»céllidiamgter for ea¢ﬁ specimen (rasal éeils ﬁére,éxcluded froé
these:measurementg), To calculate the average number of cells per al—x
veolué for each specimen, the compﬁted volume of an average cell was
divided ?ntqrthe computed volgme~d£.an‘average alveclus, -Although the
shapes of the glah&s were quite véried, many approached a spherical
shape, and therefore it was decided to use the geometric formula.for a
;pﬁeféréé compute the alveolar and cell volumes, Also, skin thieckness,
epidermis'thickness, and the number of acidephilic cell layers in the

alveoli were recorded for each individual,

Sex, Age, and Seasonal Relationships

Histologieally prepared slides of 36 individuals were examined for

anatomical, cytochemical, and size differences hetween sexes, different



age groups (juvenile, subadult, and adult), and different months of the
year, Macroscopic examinations of the glandular region for conditien

of the skin and hair, presence of sebum globules, end presence of stained
hair were made on each specimen. Midventral gland area in sguare milli-
meters was approximated by multiplying the gland length by the gland width
at its widest point. Weight, body measurements, and sexual cbndition were
recorded for all individuals; and testes size and weight were also recorded
for males.

In addition to those specimens trapped, a number of museum gkin
specimens belonging to the Kansas State Teachers.Collgge Museum was
examined for presence of midventral staining. Two juvenile males and two’
juvenile females, beginning at one month of age, were examined periodically

to determine the onset of glandular activity. -

Testicular Weight - Gland Area Relationship

To determine'the relationship between testicular weights and
glandnlar area, 15 males, ranging in &eight from 17 grams to 441 grams,
were castrated, The weight, length, and width of the testes were
recofded, as well as the ventral gland area, FPogition of the testes,
either scrotal or abdominal, was noted. A direct line correlation was

- run between the glandular area and testicular weights,

Influences of Gonadal Hormones

The influence of gonadal hormones on glandular development was
examined using two Iittermate juvenile females., One was given 0.5 mg
. b -

of testosterone propionate daily for 14 days. The other was used as a

control and given a sham injection daily. Injections were subcutaneously

‘administered to the medial side of the thigh., Daily records were kept of



the‘midventral region for signs of glandular proliferation, At the
end of the two weeks, both specimens were sacrificed, midventral skin
excised, and vertical sections prepared.

In another experiment, three adult male wood rats were castrated,
the glandular area was measured, and the rats allowed to recuperate
for 20 days, On day 21, a daily series of 0.8 mg of testosterone
propionate injections was initiated and continued for seven days, '
Glandular area was measured every other day from day O to day 28,

Iwo adult female woqd rats were ovariectomized and glandular area
measured every other day for three weeks, This was to determine the

effect of estrogen and progesterone on glandular maintenance,

Histoéhéﬁiétry

In order to establish some basic properties of the specialized
glands, several histochemical techniques were utilized. Wood rats used
for these studies'were not separated acqording to sex, season, or age,
since all possessed the gland, and the histochemical properties should
essentially be identical, Both frozen sections (lau) and paraffin
sections (10;) were used according to the typerof‘staining technique
involved, The specific fixative ﬁsed (Bouin's, 10% formaliun, etc,)

. was also dependent upon the technique, .

To detect total fat content (liquid lipids), Sudan Black B was

~used in cenjunction with frozen sections (Humason, 1967), Some

tissues were extracted with xylene: glacial acetic acid (357) for 15
‘hours ana th?n stained as before, Sudan Black B was also utilized to ‘stai
for phospholipids (Humason, 1967) using paraffin sections, For neutral

lipids, ©il Red O was used on frozen sections (Gomori, 1967)°
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Acidic lipids and bagic lipids (unsaturated glycerides) were
differentiated with the Lillie Alternate Nile Blue A methed (Humasdn,
1967), Ninhydrin was used to detect the presence of «-amino acids,
'Untreafed frozen sections weré examined with a light microscope for
natural color,

Fluorescence was observed by USing a Schott BG 12 emission filtef
and a 510 eyepiece filter in a Leitz fluorescence scope, Other filters‘
were tried, but this combination gave the brightest fluorescence from
the glands, A Mineralight short wave UV light was used to observe
external fluorescence of the intact glandular region on the wood rats

before dissection of the gland,




RESULTS

Sex, Age, and Seasonal Helationships

The ventral pelage of adult Neotoma floridana consists of pure

white hairs on the pectoral ané inguinal regions, and white hairs with
gray bases across the majority of the abdomen. Along the midline of thé
venter, the hairs are directed mesially and then posteriorly to form a
furrow along the center of the abdomen, The specialized ventral gland‘
is positioned along the midline of the venter, beginning in the lower
pectoral region and comtinuing on the abdomen, beipg tapered at both
ends (Fig, 3). The gland can be eaéily located by rubbing the hair
backward over ﬁhe midline of the venter., This reveals the gland exudate
that has collected at the bases of the hairs., In addition to the sebum
globules, a brownish stain on the hair ovér the gland may be present
depending upon the sex and season of the year, This stain is greasy to
the touch and has a strong musky smell that is rea&ily evident to human
~faculties, Thé g1and is more highly developed in males than in females
(Figs. 3 and 5). In addition, gland size increases with maturity.
Ventral gland area is correlated with body weight in males (r =10,81;
P ,01) and females (r = 0, ; P .0)., Seasonal changes occur in the

proliferation of the glandular units in both sexes.

Females
In all adult females captured throughout the year, a yellowish-
brown waxy exudate was found at the bases of hairs over the midventral
~gland. This exudate did not extend to the base of the hair shaft,
"~ There was ﬁsually a gap of 0,5 to 1.5 millimeters between the skin
surface and the point at which the exudate was located on the hair

- 'shaft, The sebum globule itself varied between 0,5 to 1,0 millimeters



Fig, 2, June 12 adult male showing area devoid of hairs over ventral
gland,

Fig., 3, June 12 adult male with shaved venter showing location of
ventral gland.,




Fig. 4. Adult female with an unshaved venter.

Fig, 5. Adult female with shaved venter revealing the narrow ventral
gland (VG).
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in diameter, In many instances sebum globules caused clumping of
several (2 to 7) hair shafts. This made the midventral hair appear
sparse, Sebum globules were found in greatest density in the sub-

' pectoral region and directly down the midline of the venter. There
was a decrease in nuﬁber of globules lateral to the midline and also
in the lower abdominalvregion. -

In females, the largest glands were in those captured in the fall,
September through Nbvember (Fzg. 6) . The average size of the gland
during thls perlod was approxlmatelv 300 mmz. None of the females
examined contalned stalned halrs on ‘the venter, although a 6 October
specimen had a faint‘discoloretion of some midventral hairs, The
sebacecus alveolar diameters did not %ary to any appreciable degree
during this period, ranging from 86 to 96 microns (Table I)., These
d1ameters are smaller than 1n sprmg and summer individuals, The

number of cells per alveolus varied somewhat, but was mostly a matter

et b

of individual variation rather than a seasonal - phenomenon,

~ Adult females caught in the winter (Dec, - Feb.) had the smallest
alveolar size of the year, ranging from 76 to B9 wmicrons in diameter
(Table I), The glandular area decreased from the fall peak of 300 mm-

to approximately 135 mm2 (Fig. 6). Even though all of the females examined

dur1ng this perlod conta1neu sebum globules on halrs along the mldventral
gland, globules were not present in large numbers, indicating a per1od

of glandular inactivity. A histological section of an inactive ventral

gland is shown in Figure 7, Two December females exhibited a lighi

brown stain ‘on the midventral hairs,

One adult female captured orn 17 February had a bare callous area

on the subpectoral region of the venter which measured 28 by 10 mm,
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Table I, Average alveolar size (44S), average cell size (acs),
and number of cells per alveolus (C/A) for 20 female
and 16 male adult N, floridana, Alveolar and cell
measurements are in wicrons.

 FEMAIES MALES

MONTH AAS ACS C/A  AAS ACS c/A

N 763 14.8 137 243.0 20,0 1793
FEB 8.5 - 17.5 91  276.0 20.1 2270
VAR, 65;O~~~14;17 99 299,0 22,0 2510
AR 163.1 17.7 782  283.6 10.6 3011
MY 81,0 16,3 214 262.9 20,6 2271
JUN 121,0 16,7 389 258,5 20,5 2065
JUL 106,0 17.1 238 229,0 20.0 1510
AUG 94.1 15,8 211 172.3  19.8 679
SEP 92.3 16.3 182 136.4 19.2 383
OCT 96.4 13.8 347 = 122,8 20,0 232
NoV 86,2 15,1 186 128,6 18,8 320

DEC 88,6 18.7 108 177.5  17.9 975

e oy s nial e eawmi i emi e o



Fig, 7. A transverse section of an adult female inactive ventral gland
(40x). SG, sebacecus gland; HF, hair follicle,
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Approximately one-third of this area showed prominent glandular activity.
Izmediately posterior, a marrow strip of sebum globules (3 mﬁ wide) con-
tinued down the midline of the venter. It was not ascertained whether
the bare area consisted of old scar tissue or whether hair loss was
associated with the gland activity.

No adult females caught from March through May had signs of midventral
staining (Fig.‘g). Duriﬁg this ﬁerio@, there was an increase in glandular
area (Table II) and ventral gland alveolar size (Table I and Fig..S),
Proliferation of the glandular alveoli resulted in‘a range of alveolar
diameters f?om’és‘kgriés'miéréng. This extensive variation was due in
part to a singlérlarge_female‘which had an unusually well developed mid-
ventral gland, but no ventral staining, Most of the spring females were
either pregnant or lactating when captured.

Summer adult females maintained a midveniral gland area of about
280 mm®, someﬁﬁat smallér thaﬁrfor females in April aéd.ng (Table II),
As summer progressed, trends towérd smaller gland size and fewer cells
per alveoiﬁs were noted (Table I and Fig, 10), These trends leveled off
in the fall months. One female, captured in June, had light brown
staining on the hairs of the venter., All the females captured during the
summer were either nursing young or were pregnant.
Femai;s;“ih'g;;;iéi; diéwﬁbiﬁhéve stiffer or coarser hair over the
midventral_gland‘than on the rest of the body. There was no indication
" of hair loss on the gland, except in the one instance mentioned previously,
The thiclmess of the midventral skin in adult females was not significantly

- different from that of subadult females {P>0,05), but was significantly

smaller than adult males (Table III), When midventral skin was compared

with skin lateral to the ventral gland (Tables V and VI), there were no
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Figure 9. Seasonal variation in midventral staining in 82
adult male and female N. floridana; numbers in
-parentheses.dindicate sample size. D - F indicates
December through February.



Table 1T,

Monthly means of midventral gland area {length
x width) of N, floridana. All measurements are

in mm®,

ADULTS SUBADULTS JUVENILES
MONTH MAIE  FEMALE  MALE  FEMALE MALE  FEMALR
JAN 897 165
. FEB 963 131
MAR 1250 152
APR 1342 290
MAY 1260 302 372 0 0
JUN 1260 274 278 82 0 0
JUL 1141 278 292 105
AUG 870 281 0 0
SEP 912 304
OCT 692 360
NOV 686 205
DEC 849 126
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Figure 10. Monthly changes in number of cells per alveolus in
the midventral gland for adult N. floridana from
August, 1972 through July, 1973.



Table ITI. Significant (+) and non-significant (0) differences
at $.08 level in wvarious measurements of the mid-
ventral gland between male and female Neotoma floridana,
MGA, midventral gland area; AAS, average alveolar size;
ACS, average cell size; C/A, number of cells per alveolus;
ST, skin thickness; ET, epidermis thickness; and ACL,
number of acidophilic cell layers in the alveoli.

MGA AAS ACS C/A ST ET ACL

ADULTS + + + +  + % +

SUBADULTS +. + + + 0 + 0

Table IV, Significant (+) and non-significant (0) differences
between sexes of adult N, floridana in measurements
of sebaceous glands and skin lateral to the mid-
ventral gland, Legend same as above,

AAS ACS C/A ST ET ACL

ADULTS + 0 0 0 90 C




Table V, Average skin thiclmess (ST), epidermis thickness (ET),
and pumber of acidophilic cell layers (ACL) in alveoli
for N, floridana.

. ADULT SUBADULT JUVENILE
MALE FEMAIE MAIE FEMALE MALE  FEMALE

ST (mm) 0,98 0.77 0.83 0,60 0.40 0.47-
BT (n) 28.3 9.3 23,3 8.8 8.0 7.0

ACL 7.9 1,5 1.7 1.3 6.0 0.0

Table VI, Measurements on sebaceous glands and skin lateral to the
midventral gland in adult N. floridana. AAS, average
alveolar size; ACS, average cell sigze; C/A, number of
ecells per alveolus; ST, skin thickness; ET, epidermis

I thiclmess; and ACL, acidophilic cell layers in alveoli,

VALE FEMALE
. AAS () 4.5 51.0
ACS (u) 17,1 15.3
C/A 86 43
»»»»» ST {(mm) .70 .50
ET (u) 10 11

ACL 1.0 0.8
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significant differences (0.05 level) between skin thickness, epidermis
thickness, or layers of acidophilic cells in the alveoli., However,
alveolar diameters in the vemtral gland of adult males were significantly
" larger than those in the lateral skin of adult females.

In no female did the gland units occupy more than one—third of the
ventral dermis thickness. Generally, there was only one sebaceous gland,
or occasionally two, associated with a follicle; none was observed to be
miltilobulated,

Subadult females captured in the spring and surmer had sebum
globules on the hairs in the midventrai region, The glandular area was
only about one-third of that found in adult females of the same months
(Table II). No subadult female was found with stained hairs on the venter,
Glandular alveoli averaged 73,6 microns in diameter (Table VII), which
is significantly smaller than adult female alveoli (P<0.05). The
glandular units were not as abundant in subadults as in adult females
(Fig. 11),

No juvenile was found with an active abdominal gland. The midventral
sebaceous glands could not be differentiated from unspecialized glands
lateral to the abdomen in either size or number (Fign 12), No difference
was noted between the sexes, and epidermal and dermal thicknesses were

not different than those of lateral skin,

Males
Adult males exhibited a distinct seasonal cycle in which hairs on
the venter were stained from the abdominal gland exudate (Fig. 9 and

Table VIII). The intensity and darkness of the stain varied from one

individual to another., During seasons when ventral staining was present,
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significant differences (0.05 level) between skin thickumess, epidermis
thickness, or layers of acidophilic cells in the alveoli, However,
alveolar diameters in the ventral gland of adult males were significantly
" larger than those in the lateral skin of adult females,

In no female did the gland units occupy more than one-third of the
ventral dermis thickness. Generally, there was only one sebaceous gland,
or occasionally two, associated with a follicle; none was observed to b;
miltilobulated.,

Subadult females captured in the spring and summer bad sebum
globules on the hairs in the midventxai region, The glandular area was
only about one-third of that found in adult females of the same months
(Table II). No subadult female was found with stained hairs on the venter
Glandular alveoli averaged 73.6 microns in diameter (Table VII), which
is significantly smaller than adult female alveoli (P<0,05), The
glandular units were net as abundant in subadults as in adult females
(Pig. 11),

No juvenile was found with an active abdominal gland, The midventral
sebaceous glands could not be differentiated from unspecialized glands
lateral to the abdomen in either size or number (Fig, 12), No difference

was noted between the sexes, and epidermal and dermal thicknesses were

not different than those of lateral skin,

Males
Adult males exhibited a distinct seasonal cycle in which hairs on
the venter were stained from the abdominal gland exudate (Fig, 9 and

Table VIII), The intensity and darkness of the stain varied from one

individual to another. During seasons when ventral staining was present,



Fig, 11, Transverse section of the midventral gland in a subadult female
(60x). SG, sebaceous gland.

Fig, 12, Transverse section through the wmidverntral skin ir a juvenile
female (150x). S5G, sebaceous gland,



Table VII, Average alveolar size (AAS), avera%e cell size (ACS),

and numbers of cells per alveolus (C/A) in the mid-
ventral gland of subadult and juvenile N, floridana.
Alveolar and cell measurements are in microns.

SUBADULTS _
AAS ACS C/A
MVALE 192.5 17.5 1323
FEMALE  73.8 15.1 122
JUVENTLES
AAS ACS : c/A
MVALE 75.1 15,2 123
FEMALE - 59,8 12.1 121




Table VIII, Monthly percentages of pregsence of the midventral stain
in 103 specimens of N, floridana. Numbers in parentheses
indicate sample size.

ADULTS SUBADULTS JUVENILES
MONTH MALE FEMALE MALE FEMALE MALE  FEMALE
JAN 100 (2) 0 (4)
FEB 100 (1) o0 (2)
MAR 100 (2) 0 (2)
ATR 100 (1) 0 (1)
MAY 10¢ (2) o (5) 100 (1) s (2) ¢ (8)
JUN 100 (é) 20 (8) 100 (3) o0 (2) 9 (1) o (1)
JUL 75 (4) 0 (3) 100 (1) o0 (1) |
AUG 25 (4) 0 (2) 0 (1) o (2) 0 (2) o (1)
SEP 33 (3) 0 (7)
0CT 33 (3) 0 (7)
NOV 25 (4) o0 (1)

DEC 100 (5) 711v(9),




28

there were few sebum globules at the bases of hairs along the gland
region, The globules were observed in greatest numbers alomg the lateral
edges of the abdominal region and in the mid-pectoral region, A gradual
‘loss of hair om the ventral gland Qas also associated with the presence
of stain, which became greatest-in the times of largest glandular pro-
liferation and activity.

Thirty-three per cent of the adult males captured during September'
through November showed ventral staining. 1In these individuals, the
stain was light brown. No specimen examined had an area devoid of hair
in the glgn&ular region at that time. The midventral gland area averaged
763 mm2 (Table II and Fig, 6), which was the most reduced size of the
year, A

During the fall, the alveolar size in the midventral gland reached
its lowest point of the year (Fig, 13), but was still significantly
larger than the alveolar size of females at any time of the year, The
number of cells per alveolus was also greatly reduced, although the cell
size remained about thg same (Table I), The reduced size of the male
ventral gland is shown in Figure 13, 7

All adult males captured in tﬁe winter had midventral gtains° This
staining became increasingly greater in intensity with time, as shown
in the foii;;ihg exéﬁéiés, A 18 December specimen, with abdominal testes,
bad a sparse scattering of sebum globules across the entire venter
" (30-40 mm wide)° However, most of the exudate was at the subpectoral
location, and from there tapered to & narrow strip (1 mm) on the stomach,
- The hair over the venter was coarser than hair elsewhere on the bhody, A
midventral staining of the hair (1ight brown) was present over thé étomach

region, which was posterior to the area of greatest number of sebum



Fig, 13, Transverse gection of an adult male inactive ventral gland
(40x)._ HG, hair folliclej; SG, sebaceous gland.

Fig, 14, Transverse section of an adult male active ventral gland
(40x), Note absence of hair follicles. D, duet; SG, sebaceous
‘gland,
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globules (subpectoral), This stained region was 58 by 24 mum,

A 19 January male, with scrotal testes, had virtually no sebum
globules present, except in a 3 mm2 area on the pectoral region. The
vmajority of the ventral hair was discolored, with the midline of the
abdomen being darkest. A yellowish tint bordered the dark brown stain,
The area of discoloration extended from a point betwegﬁ the forelimbs to
the testicular region, tapering at Both ends. The dark staixi (45 x 18 plm)‘
was heaviest on the stomach area about 25 mm anterior to the pernis., In
the region of heaviest staining, there were several places where-the hairs
were matted together with.the exudate, |

A male captured 26 Februmary with scrotal\testes had stained hair on
a large portion of the venter., The darkest stain was again over the
stomach region and measured approximately 50 mm long by 25 mm wide, Pro-
gressing oufward from the dark stain, the discoloration gradually changed
to a medium brown, a yellowish-brown, and, along the outer periphery of
the stain, a subtle yellow, |

The midventral gland area increased in winter males to am average
of 903 mm?, Table I shows that the alveolar diameters in'thé.abdominal
gland increased in size each month, in addition to an increaseriﬁ the
number of cells per alveolus. Glandular proliferation took place at its
greatest rate during these wmonths, especially in-Jaﬁuary.

Adult males captured in the spring exhibited the maximum gland area,
1324 mm?® (Table II), and the maximum alveolar size, 299 microns (Table I),
of the year., Some of the sebaceous glands became multilobulated while others}ﬂ
’simply enlarged and remained as a single entity (Fig., 14). All specimens:
during this time period had midventral staining similar to those described

for January and February. However, it was during these months when hair
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loss began to occur on the ventral gland., A 13 March male had an area,
directly down the midline of the venter, that was not bare, but hairs

- were sparse and coarse to the touch, A 16 April male showed an area

20 x 5 mm directly over the xiphoid region that contained no hair, and a
4 May specimen had a hairless area measuring 24 x § mm.

Sixty-four per cent of the summer males had ventral staining (Fig. 9).
The staining was not as intense as in previous months and was.yellow—
brown, The areas which were deveid of hair on the venter appeared to
enlarge and then began to diminish, A bare area 65 x 9 mm was found on
a 8 June specimen (Fig. 2), whereas a 26 June male had a 45 x 5 mm area
devﬁid of hairs, The bare areas were rough and scaly, No,Augusf males
were found with hair loss on the venter,

Table I shows a steady decrease in the alveolar size and number of
cells in the alveoli of the midventral gland from Jume through August.
The gize of alveolar cells did not change appreéiably from'ether times of
the year, The reductien in gland activity was accompanied by a reduction
in the ventral gland area (Fig. 6),

Subadult males captured in May through July (with abdominal testes)
all had midvéntral staining (Table VIII). The stain was yellowish-brown
and darkest on the stomach area, but was never as intense as in adult
males, Tﬁeuévérégévgiie of the sféin wags 45 mm long by 7 mm wide, A
yellowish discoloration surrounded the darker region., Fairly heavy
~ sebum production was evidenced by a large number of sebum globules on
hairs throughout the glandular area, No hair loss on the venter was
" observed in subadult males and the ventral hair was soft, ndt coarse as
in adult males, at thaf time,

The midventral gland area of subadult males was not as large as in



Fig. 15, Transverse section of the ventral gland in a subadult male
(190x). BEG, hair folliele; SG, sebaceous gland.

Fig. 16, Trapsverse section of the ventral skin in a juvenile male
(150x}, No sebaceous glands can be distinguished in the
rhotograph. :
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aduit males, and was approximately eqgual to that of adult females

(Table 1I)., However, alveoli of subadult males were greatly enlarged,

averaging 192.5 microns in diameter (Table VII and Fig, 15). This

‘surpassed any adult female of equivalent gland area, The number of

cells per alveolus was comparable to that of adult males, while the

alveolar cell diameters were more like those\bf adult females (Table VII), -
No juvenile male e#amined had evidence of_glandular proliferation.:

There were no sebum globulgs found aiong the glan& region.- Higtological

gsections revealed the glénd'primordia to be indistinguishable from

unspecialized sebaceous glands of the lateral skin (Fig. 18),

The poftioﬁ of skin containing the véntral gland was'significantly
thicker in adult males than in females (Table III), ZEpidermal thickness,
dug to an increased number of cell layers, was also greater for males.
In the ventral gland alveoli, adult males had a significantly greater
number of acidophilic cell layefs thaﬁ females, Sﬁbédnlt.m;ies had a
greater total skin thickness than either subadult or adult females,
These thicknésses approached those of adult males (Table V). However,
subadult males did not have as many acidophilic cell layers as adult
males, When compared with sebaceous glands in the skin lateral to the
abdominal gland (Table 'I), both adult and subadult males had larger
measuremehzgffhaﬁ>féggigg‘in all cases, Aﬂoﬁéwéﬁémiéteral sebaceous
giands alone (Fig. 17), the wmales had signifiéantly larger alveolar

 diameters than females (Table IV),

Gland Development
Figure 18 shows that ventral gland proliferation began at approximately

45 to 55 days of age in males, and from 70 to 80 days in females, Not



Fig, 17. A shows a transverse gection of skin lateral to the ventral
gland in an adult femele (40x). B shows a sebaceous gland (SG)
and a hair fellicle (H) at higher magnification (400x).
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some instances was comtinuous with the surface epithelium. The majority
of ducts, however, were joined to the hair follicles, in which case the
duct epithelium was continuous with the outer layer of fellicular epi-
thelium, The ducts were composed of many layers of cells which were
gradually reduced in number until a single layer of cells became the
basal layer surrounding the gland alveclus. The cells of the basal
layer were flattenmed and somewhat overlapping, andheontalned sﬁall
flattened.nuclei.r No visible lipid droplets were discernlblewjnwfhis

basal layer. '

Next to %he basal 1ayer, were two or three layers of cuboidal cells,

which represented the 1mmature sebaceou= cells, These contalned.few, if

any, llpld,droplets and were smaller in s1ze than the masorlty of alveolar

cells. Iarge, polyhedral—shaped cells constltuted the bulk of he alveolus,

These cells had large, round or e111psold nuclel, w1th manyrchromatln
granules and a prom1nent nucleolus present. ‘The cell cytoplasm was
filled w1th a mult1tude of 11p1d droplets. Varlous structures of the
‘sebaceous alveoli are shown in Figure 20, - | |

Towefevthe neek of the alveolus, there were eeveral'laYereibf cells
which Werevlﬁlthe process of breaking down to forﬁ sebum, Cleeerexamina—
tion revealed that the nuclear membrane probably disselved fire{; resulting
in a release of the nuclear contents into the eytoplasm, Ii was at this
~point that the cells changed from basophilie, as exhibited by the majority
.of alveolar cells, to acidophilic, This view was supported by the following
observations. Many cells in this borderline region were observed to have
~irregularly shaped nuclei (Fig. 21), thus indicating a recent rupture or
disintegratiop of the nuclear membrane, Directly surrounding these

nuclei, the cytoplasm was acidophilic {red), while the remainder of the
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ig. 20, Transverse section (4OGx) through a midventral sebaceous alveolus

indicating various structures mentioned in the text, Also shown
are zomes of cellular develonment, AC, acidephilic cells (Zone
4); BL, basal cell layer (Zone 1); DE, duct epithelium; IC,
immature cells (Zone 2); HC, mature cells (Zone 3); N, nucleus;
S, sebum (Zome 4); TIL, transition layer between basophilic and
acidophilic stained cells,



periﬁheral cytoplasm was basophilic (blue), Cells farther along in
degeneration were always completely acidophilic., In the following stage,
the cell membrane ruptured, and the cellular constituents were dumped
into the duct to form the sebum,

The number of acidophilic cell layers in the alveoli varied with
sex, age, and season. During the breeding‘seaéoﬁ adult males‘exhibited
the largest number of these cell layers with acidophilic céiis occupying
up to two-thirds of the alveolus at that time. The mumber decreased

when the glandula* activity decreased during the fall, Subadult and
%‘Juvenlles of both sexes, as well as adult females, generally bad from
one to four aecidophilic cell layers, which did not change 1n,number at
differenf times of the year,

Sebum iﬁ:the ducts was always acidophilic, There was no sebum
' 'pilla¥ that extended th:gugh tpg duct té the surface, The sgbum remained
v“;s‘ﬁﬁma;orphous oily matgrial in the duct uhtil it was pushed to the

surface by pressure of new sebum Being formed below., The sebum was in

largest quantities in the ducts of adult males daring the breeding season,

Stroma
Each sebaceous gland was surrbunded by a thin_conneqtive tissue
capsule which was continuous with the rest of the stroma, When the gland
~was partially lobed orAdivideé into separate alveoli, an invagination of
elastic connective tissue was seen to permeate the interlobular septa,
’Collagenous fibers made up the majority of the stroma which contained
numerous fibroblasts. Elastic fibers were present and found scatteréd

throughout the collagenous fibers. ZFibroblasts were the most numerous

cells in the stroma with histiocytes, lymphocytes, and leucocytes also



Fig, 21, Photomicrograph of irregularly shaped nuclei (IN) in borderline
(transition) zone of sebaceous alveoli (400x)., Alsc shown are
the normal shaped nuclei (NN) of cells in Zone 3.
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present. Mast cells, stained with Neutral Red, were present in the upper
portion of the dermis., Venules, arterioles, and capillaries were abundant
in the dermis, and were found most frequently in the upper one~half. Few

arrector pili muscles were observed in the ventral gland area,

Testicular Weight — Gland Area Belationship

A direct correlation exists between ﬁet testes_weight (grams) and
ventral gland area (mmz); r = 0,95, P 0,005 (Fig, 22), A partial
correlation, to rule out tﬁe effects bf body weight, revealééZa smaller,
but still significant, correlation between testes weight and gland area
(r = 0,83; P<0,005), There was a marked tendency for males with scrotal
testes to have a larger glandular area and more intense staining of ventral
hair than those males with abdominal testes. Only one captured male

(December) with abdominal testes had a large gland area and ventral

“staining,

Influences of.Gonadal Hormones

The juvenile female given injectibns of testosterone propionate
showed a massive enlargement of the ventral giand tissue, both in number
of glands and glana size, compared to the control female (Figs. 23 and 24);
A large number of acidophilic cells was present in the alveoli of the
injeéted female, External appearance of the ventral gland remained un-
changed until day 12, at whieh time the experimental female begen to
‘ﬁevelop a few sebum globules at the hair baseg along the ﬁidline of the
venter, By éay 14, when the female was sacrificed, the glandular exudate
was found in an arza 9 mm long by 3 mm wide immediately posterior to the
xiphoid cartilage., The control female, on day 14, showed no signs of

ventral eclandular activity.
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Fig. 23, Trensverse section through ventral skin of control juvenile
female not receiving testosterone propionate injectioms (60x),
SG, sebaceous gland,

Fig. 24, Transverse section of ventral gland of juvenile female which

received testosterome propionate injections (50x). SG, sebaceous
gland,
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only do male glands begin to develcp at an earlier age, but they also
proliferate at a much faster rate than in females, There was an abrupt
increase of glandular growth in young males 30-40 days after initial gland
"development, and then the proliferation leveled off, Young females
attained a near maximum gland area about one month after glaund growth
began. All of these individuals were raised in the laboratory, so perhaps
the 1aborator3} light eycle (9 L - 15 D) affected the glandular growth in

a way that may not occur in the natural environment.

Histologz
General Description

The specialized midventral gland in Neotoma floridana is composed of

many enlarged, holocrine sebaceous glands._ The sebaceous gland units
(alveoli) vary in size, being largest directly along the midline of the
venter and beceming diminishingly smaller toward the periphery of the
gland, Alsoe, fhe gland units are of greatést size‘directiy below the
xiphoid region of the breastbone, and again decrease ip size toward the
pectoral region and lower abdominal regiom,

Transverse sections of the skin -through the glandular regioﬁ revealed
an abundance of papillae-like prdjections'(Fig. 14), whereas skin lateral
to the ventral gland has a smoother éppearance (Fig. 17), These folds
of skin projected posteriorly as did the hair shafts, Thickness of the
) mid&entral skin ranged from 0.5 to 1,0 mm as contrasted to the ¢.4 to 0.8
mn thiclmess of lateral skin, Most of the increase in midventral ski

>
thiclness was in the dermis. However, there were additional layers which

>

added thickness to the epidermis as well,

The alveoli are usually associated with a hair follicle, where a short



duct joins the gland directly.te a follicle, From the feollicle, tke
sebum is carried to the external surface of the skin, Some follicles
appear rudimentary, with no hair shaft present, and perbaps function
solely as export canals for the sebaceous glands, Other sebaceous glands,
especially during their active season, were not asscciated with hair
follicles, and the sebum duct opemed directly to the skin surface. 'In
most instances; there were only one or two glands per follicle, and these
were not lobulated., However, in active ﬁale glands,:the gland units
enlarged and in some cases, became partially lobed into two or three
portions. At such tlmes, 1t became ﬁ1fflcu1t to distinguish exactly

the number of alveoli associated with any one follicle,

The glandular alveoli 6ccured at a consistent depth in the dermis
of the midventral skiﬁ. In the active state of glandular secretion, the
al;eoll occupled approx1mate1y one-thlrd to one~ha11 of the dermis area
(Fig, 14). Iﬁactlve glands were somewhat spher1ca1 ;ﬁ shape, while active
glands assumed a variety of shapes ranging from bell—shaped to elongated
rallipses. - -

Cross sectiohs of the hairs in thg gland regidh revealed a modified
form of hair shaft that was flattened and curved (Fig, 19). These hairs,
aé well as those from other parts of the body had a segmented appearance
with ringed protrusions along the entire shaft, Sebum was often found
clinging to these protrusions of the hair shaft in the ventral gland
“area, No hairs were found on other parts of the body that were flattened

and curved as were the midventral hairs, Lateral hairs were eylindrical

-in shape,

-Parenchyma

Gland ducts were lined with stratified squamous epithelium, which in



section of the modified hairs (MH) in the ventral gland
rough-like shape (40Cx). F, follicle,

Fig, 19, Cross
‘ showing the peculiar tr

region



Castrated males showed a direct dependence upon testosterome for
ventral gland maintenance and developuent (Fig, 25), Twenty days after
castration, the gland area had been reduced to about one—third its initial
'size, The reduction in gland size was slow untilrdayri4, A rapid re-
duction in gland size occurred during thé next six days, Testostercne
propionate injections started on day 15, quickly restored the gland area
within four days, and resulted, after seven days, in a ventral gland area

that was approximétely 4OOAmm2

larger than at the beginning of the
experiment,
Ovariectomized females showed no noticeable difference in ventral

gland area, The aﬁdominal glands initially averaged 2389.6 mmz; at the

end of the experiment the gland areas averaged 236 mmz.

Histochemistry

General
Although hematoxylin and eosin are not generally utilized as

histochemical stains, their use revealed that the alveoli of the ventral
gland possessed disiinct areas of acidophilic and basophilic étaining
cells, which hes been described in the earlier section on histology.
Negative results were obtaimed with ninhydrin for presence of alpha—
amino acid groups; no positive reaction was observed_in any portion of
the gland alveolus or in the sebum. Unireated frozen sections examined
for natural color revealed that the most expesed sebum in the‘alveolus
neck was yellowigh—brown, while the remainder of the alveolus was faint

yellow,

Lipids

Staining with Sudan Black B revealed lipids to be present in all
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Figure 25. Relationship between midventral glandulaf éfeé and

testicular hormones. Open circles represent glandular
area of castrated individuals; solid circles represent
glandular area of castrated individuals receiving
testosterone propionate injections.
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cells of the alveclus and in the sebum (Fig. 26). The basal layers of
cells were extremely dark, with many fine granules, Zome 3 (Fig, 20)

was not as heavily stained as Zones 1 and 2, but also showed an abun-
-dance of cytoplasmic graﬁules, Individual cells contained more granules

round their periphery, and possibly indicated a central, internal wvesicl
in each cell, rHowever, no such vesicle was ever positively identified,
The sebum, and‘the most ental cells stained‘inténsely blue-blaeck, Those
sections that were extracted with xylene?glacial acetic acid stained
darkly in Zopes 1, 2, and 4 (Fig, 27).

0il Red O stained the glands in rmich the same manner as Sudan Black
B. Zones 1 and 2 appeared darker due to the more pumerous granules which
stained dark orange-?ed; some were darker than others. 1In Zope 3, the
granules were less numerous, somewhat larger, and stained pale orange.
Zone 4 stained bright orange with no granulés preseﬁi. A few cells along
the border line of Zones 3 and 4 contained smaller nuclei (half size) and
stained bright orange, which contrasted with those cells found in Zone 3,
This may represent the transition of one chemical étruqture o0 another,
With Nilé Blue A, the alveoli of the ventral gland stained in a

manner similar to other stains. Zones 1’,2’ and 3 were red and indicatec
the presence of neutral lipids such as triglycerides, Zone 4 stained bl
revealing the presence of acidic lipide such as fatty acids and phospho-
lipids° This fufther verifies the results obtained with hematoxylin and
- eosin stains. No vesiecles with lipid caps were apparent in any of the ce

The lipid droplets all stained with the same intensity in any given zone,

Phospholipids
The presence of phospholipids in the glandular alveoli appeared to

be restricted primarily to the periphery of the alveolus, particularly i



Transverse section of ventral gland stained with Sudan Black B
(100x), HF, hair follicle; SG, sebaceous gland,

Transverse seciion of ventral gland extracted with xylene:
glacial acetic acid and staired with Sudan Black B (100x).
S&, sebaceous gland,
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Zones 1 and 2 (Fig, 28), The secbum also stained positive for phospholipids.§

Similar results were obtained when xyleme-exiracted tissue was stained
with Sudan Black B which indicated that the phospholipids were not removed

by extraction as were the lipids, Granules of apfrbximatél& the same size

as those found with lipid stains were found in the eytoplasm of Zones 1 apnd |

2. Minute cytoplasmic gramules in Zone 3 also stained to a lesser degree.

Fluorescgnce i

The brightest fluorescence, in both paraffin‘and’fibﬁégjsections,
was obtained when the combinafion of a Schott BG 121emission filter and
a 510 eyepiece filter were used, The sebum and cells in the process of
breaking down fluoresced Sright vellow-green (Fig, 29), There was also
a peripheral ring of bright yellow-green fluorescence corresponding to
Zones 1 and 2. There were some free portioms of sebum in the duct which
did not fluoresce, The remainder of the glandular cells (Zone 3),
showed dull yellow-green fluorescence, The epifhelium of the duets did not
flqoresce._ The stroma surrounding the glands had darker gréyfgreen
coloration,

ternal examination of the glandular region with a shoftwave oy

light revealed a soft yellowish glow from the sebum-covered ventral gland

hairs, Adult males that had lost hair over the glandular area did neot

show fluorescen;;»f£aéytﬁé7gére‘skin. VIn adultr#nd subadult ﬁales, during

the breeding season when the venter became disceclored, a large poriion

cof the stained region fluoresced, In one male‘that had considerable

staining of the venter, the entire scrotum was stained and fluoréscédo
Female venters did mo fluoresce unless the hair was shaved, thus

exposing the glandular area, A similar situafion was found in subadult

females which had active glands. No juvenile wenters fluoresced whether

.
n

-




Fig, 28, Transverse section of midventral gland stained for phospholipids
(100x). SG, sebaceous gland.

Fig., 29, Section of midventral gland showing areas of fluorescence
(200x). P, peripheral layers of alveolus; S, sebum,
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they were shaved or unshaved, The scles of the feet were found 1o

fluoresce in a few individuals, However, this could be attributed to

factors other than glandular secretion., These factors are discussed

later in the paper.



Scent Marking

Scent marking can be used for many purpcses, but probably its most
important function is.to foster familiarity between the occupant and its
home (Bwer, 1968). In moving arcund the home range, the individval in-
variably comes in contact with a variety of foreign odors, as well as i?s
own scent. Reassurance, by smelling its own scent, probably relieves
anxiety and timidness in the amimal. In territorial animals, the scent

becomes an important means of reassurance for the occupant of the

territory and a warning that tends to inhibit intruders that venture

into the territory.

In wood rats, maintenance of the territory may be due, in part, to the
' specialized ventral gland. Fecal droppings and urine are also possible
territorial markers. Wcod rats possess a circular anal gland (Howell,

1926) that probably functions to depogit scent on fecal material.

Linsdale and Tevis (1951) reported that individuals of Neotoma fuscipes,
released at their houses, often smelled a pile of fecal pellets before
entering. They cited an example of one male which, when released at

its home, envered, came bkack out, crawled to the top of the house, and
repeatedly rubbed its anal region cover sticks, as if depositing scent.

Apparently, E.i; osagensis is more territorial than other subspecies

of the genus Neotoma which have been described in the literature. English
- (1923) kept one male and two female N, fuscipes in a cage for five months,
during whic% time they "lived tegether harmeniously, sleeping side by

side in the same compariment,"” Other studies have shown that N, £f.

floridana seems {0 be mild tempered, and group living may occur without
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discord (Pearson, 1952; Hamilton, 1953), Individuals of both sexes of
N, f. osagensis are extremely territorial, and will fight to the death or
exhausﬁisn if placed together in an enclosed cage {Spemcer, pers. corm, ).
There is usually only one individual N. f. osagensis living in a house
at one time, except during the breeding season when juveniles are present.
The juvehiles are guickly forced out of the house at about the age of 60
to 85 days to search for houses of their own (Bamilten, 1953; Knoch, 19?8;
and Spencef, pers, gomm,}. At this time ventral gland proliferation begins
in young wood rats (Fig. 18), Therefore, it is possible that the gland may
have ; territorial and survival significance, since young wood rats
develop the gland at the same time at which they musi find and defend a
house of their own. If they were forced out of every house that they
occupied because of inability to mark their territofy, exposure to
predation.§ould be gfeater, and thus, survival value would be placed on

development of the ventral gland at an early stage in life. Also, sub-

adult males exhibit ventral staining (active gland), but are sexually

immature, thus possibly indicating the scent function is for territoriality.

Poole (1540) and Spencer {1968) have both described Neotoma floridana

males as having extensively rubbed their venters over objects during the
breeding season., This obviously deals with some kind of scent marking,
as it correlates with the time of greatest gland activity (Fig., 6), but
the specific use is somewhat vague., One possible interpretation is that
_ the male is applying scent around the immediate vicinity of his house

in order to keep other males away during the breeding season, This
’hypothesis lyses credance when one considers that due to the positioning
and spacing of the rat houses there are probably no females within his

marking distance, Thus it would serve no useful purpose in defending a
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Another interpretation is that the male is applying scent around his
house so that a female, ir searching for a mate, can recegnize it as a
male's house and enter for mating, This would save energy and involve
‘less exposure for the rats compared to a situwation in which the rats must.
move from house to house in a hit-and-miss fashion searching for a mate. .
Moore (1965) describes mate-searching behavior directed by olfactory

stimuli in Peromyscus maniculatus, That the female wood rat goes in |

search of the male is suggested by the fact that, in courtship behavior,
the female is the one that initiates the series of events leading to

coitus (Spencer, pers, comm,), This latter hypothesis is more probable
than the former in which the male applies scent for purposes of keeping

other males away.

] Movement studies have been conducted on a number of wood rat species,
and in most of them males moved greater distances thén females (Linsdale
and Tevis, 1951; Raun, 1966; Stones and Hayward, 1968). Among the studies
on N, f. osagensis, Rainey (1956) and Goertz (1970) found males to have
greater home ranges while Johnson (1967) and Wiley (1971) found females
to ﬁave greater home ranges, This discrepancy may be due to different
types of habitat and trapping techniques involved in the various studies,
It is important to note that females do get out and move around and are
not restricted to the immediate area arovnd their houses, Thus, females
could conceivably search for a mate, at least in N, f. osagensis.

The question arises why female wood rats, which also pogsess the
gland, do not have stained venters if they scent-mark in the same
manner as males? The fact that females do not have ventral discoloration

shows that they do not rub their venters as males do, or at least not

with the frequency of males., From a physical viewpoint, if females rubbed




their venters, the sebum globules at the bases of the hairs would be
mashed and spread out, and would obviously stain the hair that was rubbed
upon it. Also, the hair would become coarse and hair over the gland
‘would be lost. None of this occurs in the majority of females, There-
fore, females probably do not use the ventral gland as a territorial
marker, Fecal droppings and urine stations may provide the necessary
olfactory signposts for establishment of a territory around their homes.
It is concluded that neither male nor female N, f. osagensis utilize

the ventral gland for tha purposes of territocrial marking. A territory
is defined as an area claimed and ﬁefended’by one animal against others of
the same species (Smith, 1966). Such territoriality occurs in N.
floridana throughout the year. However, the ventral gland is‘only active
during the breeding season, so it could not be used to meaintain a terri-
tory throughout £he vear, The male glandular scent probably has the dual
purpose of attracting females and also deterring males, which results iﬁ
a place for courtship and mating without interference from other males,
This would not fit the definition of a territorial warker since the scent
is‘acting as an attractant for females. This is not the same situation
as in birds where only the male establishes a territory during the
breeding season, because the female bird is always present in the
terfitdrﬁ and the male actively defends his mate from conspecific males.

~ Vhen a male and female wood rat meet for mating purposes, there is
a preliminary sparring event where both individuals are in an upright

position facing 6ne another (Spencer, 1968), In this posture, it becomes

' evident that the ventral gland is in the best position where both individual%

could smell the other's glandular pheromone, since it is directly below

the other's nose, Thus, the gland may play a role in recognition of the
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sexeg in order to carry out a successful mating. The information relayed
‘at this point may result from presénce of a species gpecific pheromone

/ so that the partners must be of the same species before mating behavior
could proceed. A close similarity in such a repreductive isolating phero-
mone might lead to failure of species differentiation, and result in
hybridization between sympatric species, such as occurs between XN.
f1oridena and N, micropus (Spencer, 1968),

Another possible use of a ventral gland pheromone may be as a
recognition odor for litter newborns to recognize their mether. Since
wood rats are blind at birth, visual cues camnot be used, leaving odors
as the most important means of a relationship between the rats and the
environment, This supposition also fits the present data, inythat the
fema{e gland area is largest during the time of year when she is lactating
and nursing young, In this case, the female would not need to rub her
venter, as the odor would only need to be present on the body.

Observationa of the behavioral habits of wood rats reveal that they
are an extremely cautious, nocturnal creature, It is safe to assume that
greater survival value would be placed on those faetors that enable the
rats to escape predation more efficiently., This may be accomplished by
the rats marking their major pathways around their houses with an odor
so that they can quickly return to the house in the shortest émountvof
time if chased by a predator in the dark., This is a possible explanation
- for subadult glandular development, but it can not explain the seasonal
variations ‘in the gland area exhibited by adults, It is most probable
_ that the odors along the pathways are placed there in the form of feces

and urine,

0f course, one possible explanation for the presence of the ventral



gland is its role in establishing individuality between members of the
rat colony., Each individual's pheromone production probably varies
slightly in chemical composition. Thié would aid in idenfification of
the individual., The importance of maintaining individuality would be
to recognize one's own house from an adjeacent house, and thus reduce
agonistic encounters,

The mammalian olfactory system is extremely complex and has the
capability of separating and recognizing an almost limitless number of
odors, It is doubtful that there is a single function of the ventral
gland pheromones in wood rats. The gland probably yields a number of
important ideﬁtification cues for distinguishing sexes, individuals,
pathways, and others mentioned above, The uses of the specialized
scent gland can only be determined by further behavicral studies and
use of a bioassay system with isolated gland pheromones.

An interesting observation in this study was that, in some wood

Mfgts, thé soles of the feet fluoresced extermally. If this is the same
fluorescing material as produced'by the ventral gland, then it has marked
iﬁplications. The feét could be used as an additional device foi
spreading the scent from the ventral gland. By simply rubbing the
paws over the glandular region, in the course of normal movements the
scent would be spread around the rat's territory. There has been no

behavioral evidence that this does occur, however, future studies should

ineclude attempts to ascertain the possibility of this function.

Hormonal ggntrol

From the results obtained, it may be concluded that the development

and waintenance of the ventral gland in Neotoma floridena is under the

control of androgens, This is in agreement with work done on gerbils
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(Glenn and Gray, 1965) and Peromyscus maniculatus (Blum, et. al,, 1971;

Doty and Kart, 1972), However, Doty and Kart (1972) reported that
continued injections of high doses of testosterone did not increase the
glandular area beyond that of controls, It was found in the present
study that centinued injections increased the glandular area past the
control level by a factor of one-third, after which there was no further
inerease, This higher level is comparable to the gland area during the.
active breeding season in the month of April (Table II), The peak
gland area obtained by the injections most likely represents the maximum
gland size ébtainable in the natural environment.

Since the juvenile female responded to testosterone injections by
increased glandular development, it was shown that gland development in
young wood rats is probably initiated by the presence of androgens., This
is further evidenced by the high degree of correlation which exists be-
tween ventral gland area and testicular size in male wood rats (Fig. 22),
This study revealed a mueh higher correlation between gland area and

qtestes gize than found in Peromyscus (Blum, et. al,, 1671; Doty and Kart,
1972). Even though in subadults the testes were not in an active state,
the ventral gland began development, indicating an early initiation of
testosterone production by the testes. There must be a period of growth
in early subadults, during which the androgen levels are rising and
~ alveolar size increasing. Not until the hormone levels have peaked, does
" the ventral gland begin active seeretion,

The few females that exhibited ventral stairning and large gland
-proliferation were probably old females, At increased age, as in other
mamnmals, the ovaries stop producing female hormones, and their inmhibitory

effects over the androgen levels in the blood become reduced. Whem this
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hapgéns, the androgens have the capability of stimulating ventral

gland growth. It is not unlikely that old females might exhibit gland
sizes comparable to those of adult males, although none were found in
this study., When the ventral glands of males become inactive, they are
still mueh larger than the glands of females, This is due to the high
‘level of androgens which is present in males even during the pon—breeding
gseason. The large number of blood vessels found surrounding the glandé'
may help to increase the amount of hormone reaching the glands,

Ebling (1948) found that continued injections of estrogens resulted
in atrophy of the sebaceous glands in laboratory rats. Doty and Kart
(1972) observed that either ome or both of progesterone and estrogen
somehow iphibit sebaceous gland growth, No significant change in the
ventral gl?nd size was found in gerbils after estrogen - progesterone
injections (Glenn and Gray, 1965), In the present stu&y, no differencé
was noted in gland size of adult female wood rats after ovariectomy. If
an inhibitory effect were present with estrogen, the gland size shouldv
‘Hﬁfé increased after ovariectomy, but they did not, As pointed out by
Doty and Kart (1972), there is still an apparent confusion as to the
exagt nature of sebaceous gland response to female sex hormones, and
further research needs to .be conducted in this area,

Since wood rats are seasonal breeders, it follows that during the
breeding season there would be an increased androgen titer in the blood.

"This would lead to an increase in glandular activity due to the gland
dependence upon androgen. The present data confirm this point of view,
Similarly, females during the breeding season should have an increased
ovarian hormone titer, whicg would lead to suppression of the ventral

gland, However, the opposite effect was found, and remains unexplained
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at the present, Possibly another hormone in females acts in conjunction
with androgens during the breeding season and is responsible for the

increase in glandular proliferatien.

Histology and Histochemistry

The bhistological structure of the ventral gland in Neotoma floridana®

is quite similar in many respects to deseriptions given for other rodents
(Quay, 1953, 1954, 1968; Glenn and Gray, 1965; Doty and Kart, 1972)., The
rodent which showed greatest similarity in gland structure to Neotoma was

Perbmyscus maniculatus (Peromyscus belongs to the same family as Neotoma)

whereas Meriones and Dipodomys, with greater structural differences in
the glands, belong to different families.

Dipodomys exhibits sebum pillars which extend beyond the. skin
surface, while Nectoma has no such pillars, The alveolar size in Dipodouys
occupied much more of the dermal space than did the maximum alveolar size
in Neotoma, There was similarity in all species in that the alveolar
size was greatest in males during the breeding season, Quay (1954) re-

“ported that the peripheral alveolar cells in Dipodomys contained several
small vesicles which fused to form one large vgsicle as the cell was
moved inward in the alveolus, The present study found no such vesicles
to be present in Neotoma, The reduction in number of arrector pili
muscles in the glandular region is in agreement with studies on Rattus
exulans (Quay and Tomich, 1963) and Dipodomys (Quay, 1954). The glandular
- alveoli in Neotoma were not as multilobular as those described in
Peromyscus ‘(Doty and Xart, l§72)°

The portion of skin with the largest nuwber of sebaceous glands was

found to be in the sub?ectoral region, This would seem reasonable when

the mode of seent marking is considered, The male wood rat drags its
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venter over objects to leavé scent on them, From the rats' profile it
can be seen that the lowest portion of the wood rat venter is the sub-
pectoral area, Tﬁis region would be in contact with the substrate most
often. Also, beneath this region lies the xiphoid cartilage of the breast
bone which allows the wood rat to apply considerable pressure to the sub-
.strate and more efficiently rub off glandular exudate than would be
accomplished by rubbing with the softer body parts of the abdomen. '
In adult males during the breeding season, many of the glandular
ducts opened directly to the skin surface, This may be the most
efficient means of exposing the sebum to the outside for purposes of
depositing it. Thus, hair loss on the venter may be not only due to ex-
cessive rubbing, butbalso to a physiological adaptation where hair is
shed from the venter to improve the scent marking capabilities of the
rat, Those glandé that were associated wi£h hair follicles may be aided
in sebum transfer by the trough-like modified hairs found in this regiom.
The protrusions on the hair shafts also provide a means of holding the
re#udéte until it is appropriately rubbed in the scent marking process,
Implications of the histochemical properties of the ventral gland

are not clearly understood, Adult male Neotoma floridana exhibited a

mach larger acidophilic cell region than any of the_other species, This
acidophilic region probably is due to the lysis of unsaturated glycerides
which releases fatty acids, There was a distinct change in chemiéal
‘properties as the cells moved inward in the alveolus. Phospholipids were
most abundant arcund the periphery and in the sebum, but in the middle
zone something may alter the phospholipid structure, for it does not

stain,

It is interesting to note that the fluorescence studies also revealed



the same segregation of Zones 1, 2, and 4 from Zone 3, as did the
phospholipid stains. However, since phospholipids generally do not

fluoresce, there is apparently no connection between the two results.

Since many chemicals will fluoresce in a given range of light wavelengths,
it is possible that the fluorescent compounds in Zones 1.and 2 are coﬁ— o
pletely different from those found in Zone 4. These fluorescing compounds
might be a number of substances such as flavins, lipid vitamins, or some
triglycerides.

Where the actuél pheromone production takes place is unknown. One
possibility is that when the alveolar cell pucleus disintegrates the

nuclear components are broken down and ugzed for the final pherowone

structure, This would account for the increase in numbers of acido-
philie staining cells in the alveoli during the breeding season, Quay
(ﬁers. comm,) suggested that the pheromone possibly might not be activated
until oxidation of the sebuﬁ at the skin surface. Further experiments

need to be performed to test these possibilities,



SUMMARY

1. 4 study of the specialized midventral gland in Neotoma floridana

osagensis was conducted from August, 1972, through July, 1973. Because of
1ac§ of previous studies conducted on ventral glands in the genus Neotoma,
this study was initiated to establish the‘various aspects of the gland
strueture and function.

2. Comparisons were made of the gland size between sexes, ages,
and seasons of the year, Eistological and histochemical properties were
deseribed for the speciaiized gland, The effects of gonadal hormones on
the ventral gland maintenance were studied on both males and females,

3. The gland size was much larger in adult males than ip adult
females, In both sexes, the gland emlarged during the breeding seaéon
{March - September)., Males, during the breeéing season, nad a copious
dark brown stain on the ventral hairs from the gland exudate, Hair loss
on the gland region occurred in males, due to excessive rubbing of the
venter over cbjects. Female glands were never as active as those in
wales, .

4. Subadult males began developument of the gland at about the age
of 50 days whereas subadulti females began gland development at about the
age of 75 days. Glandular alveoli of subadult males surpassed the size
of alveoli in adult females. Midventral staining occurred in subadult
. males, but with only moderate intensity.

5, No juveqiles were found with active ventral glands. The gland
primordia were indistinguishable from sebaceous glands ir skin lateral

to the abdomen,

8. A direct correlation was found between wet testes weight and
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size‘of the ventral gland area in males, emphasizing the dependence of
the ventfal gland on androgens.

7. It was found that the specialized veuntral gland is under control
of androgens in both males and females. Female ovarian hormones had no
visible effect upon the gland area.

8.  Histochemical properties of the glandular area revealed both
similarities and dissimilarities between the scent gland of Neotoma and '
those of other rodents.

9, It was concluded that the veniral gland probably plays neo role
in territorial marking in either sex, ts most probable function is
that, during the breeding season, the males mark their houses with the
glandular exudate which acts as a sex recognition agent when females go
in search of maies. The pheiomones produced from the ventral gland probably
have more complicated meanings than expected, e.g. individual discrimi—

nation, interspecific reproductive isolation, mother - litter relationships,

and others,
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