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29.
The Biology of the Smoky Shrew (Sorex fumeuns fumeuns Miller)*

W. J. HAMILTON JR.

Zoology Department, Cornell University
Ithaca, New York.

(Plates I-1V; Text-figure 1).

The long-tailed shrews (Sorex) are cosmopolitan creatures, represen-
tatives of the genus occurring throughout most of North America, Europe
and Asia. They reach their greatest numbers in temperate and sub-arctic
lands, occupying a variety of habitats but seeming to prefer damp situations.
Often these shrews are the most abundant mammalian representatives of
extensive habitats, but their habits are little known. They have been re-
ligiously catalogued by the systematist, but as with most species, we know
little more than their names, colors and measurements. This surprising
dearth of information on such widespread and ubiquitous creatures is not
surprising, for their diminutive size and retiring habits make them un-
worthy subjects for the attention of most naturalists. Nevertheless, these
little mammals hold a peculiar fascination for some, for almost any planned
study on these creatures will provide new information on their habits. The
long-tailed shrews, if for no other reason than their very abundance, must
play an important role in the habitat which they occupy.

The rate of growth, food habits, reproduction and behavior of Sorex has
been little studied in North America. The best accounts, which are all too
fragmentary, have been written by European students, the subject of their
attentions being largely confined to the common shrew (Sorex araneus).

In 1927 I commenced a study of the small forest mammals of New York.
Special efforts were made to secure life history data on the long-tailed shrews
(Sorex). As time and opportunity have permitted, attention has been di-
rected to solving the life history of the smoky shrew (Sorex fumeus). My
repeated efforts to secure live gravid females, so that the young might be
raised and described, have failed, but considerable data have been accumu-
lated during the past ten years of study. Most of my studies have been made
about Ithaca, in central western New York. The summers of 1937 and 1938
were spent on the Edmund Niles Huyck Preserve at Rensselaerville, Albany
County, in eastern New York where large numbers of shrews were collected
and population studies completed. Five hundred and sixteen shrews have
been collected during the course of the study, and these have provided
sufficient fresh material for rather complete studies on the various phases
of the life of the smoky shrew.

Specimens were secured in small snap-back mouse traps baited with
walnut meat, while a few shrews were captured alive in Sherman metal
boxtraps.

1 This study has been aided by a grant from the Elizabeth Thompson Science Fund of Harvard
University which the writer gratefully acknowledges.
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DESCRIPTION.

The smoky shrew is a relatively large Sorex, heavier and more power-
fully built but with a shorter tail, than Sorex dispar which occupies part of
its range. It is much larger than the common masked shrew, Sorex cinereus
cinereus, which is occasionally found in the same runways.

The winter pelage differs decidely from that of the summer pelage. In
winter the upperparts are deep mouse gray or slaty; the underparts are
very much lighter, almost silvery. Some specimens have a bufty surfusion in
the post-abdominal region. In summer pelage the upperparts are pale grizzled
brown, the hair tips of the underpart being paler and gray at the base. The
tail at all seasons is bicolored, straw yellow below and brown above. I have
seen no albinistic specimens but old specimens occasionally have the hair
tipped with white, or there may be a small patch of white fur on the thigh.

Summer specimens may be confused with Sorex cinereus (Townsend,
1935), but their greater size and darker color serve to distinguish them
from their lesser kin.

Measurements. Three conventional measurements are made of mam-
mals when they are caught and before they are made into scientific speci-
mens, viz., total length (nose to end of last tail vertebrae) ; tail (base of tail
to end of last tail vertebrae) ; hind foot (heel to end of longest claw). These
measurements, unfortunately, vary with the collector and his methods, the
condition of the specimen whether fresh, bloated, in rigor mortis, etc., and
are largely a matter of personal equation. All the measurements listed below
were made by myself, from freshly caught specimens taken in New York
State.

Adult males. Twenty-six specimens average: total length, 116.5 mm.;
tail, 41 mm.; hind foot, 13 mm.

Adult females. Twenty-two specimens average: total length, 116.3 mm.;
tail, 43 mm.; hind foot, 12.6 mm.

Immature males. Seventeen specimens measure: total length, 113.5
mm.; tail, 41.4 mm.; hind foot, 12.7 mm.

Immature females. Fourteen individuals measure: total length, 113.1
mm.; tail, 41.2 mm.; hind foot, 12 mm.

Thus the measurements of 48 adults of both sexes average: total length,
116.4 mm.; tail, 41.9 mm.; hind foot, 12.8 mm. Thirty-one immature speci-
mens average: total length, 112.8 mm.; tail, 41.3 mm.; hind foot 12.6 mm.

It is thus evident that the conventional external measurements provide
little data on relative age, at'least with this species. It is my belief that this
is true of many small mammals. This belief is based on measurements of
many hundreds of small mammals of various species in northeastern United
States. Weights, external appearance (pelage, hairy tail tufts or bare tail
tips, scarring of tail and feet) and above all, weight give a good index to
the age of this shrew, and combined, are sufficient in themselves to give a
ready clue to the approximate age of the animal. Tooth color and wear are
infallible, and should always be resorted to in order to determine the age
of the individual.

Weight. The smoky shrew has a variable weight, depending upon the
amount of food it has recently ingested and also on its condition. Sufficient
numbers, however, taken throughout the year, show a remarkable difference
between the immature and mature animals, ‘and the two may readily be
separated on this factor alone.

Recently weaned shrews, about one month old, weigh 4 grams. They
gain weight slowly and throughout the first 7 to 10 months of their lives
weigh from 4 to 6.8 grams. Immature individuals of both sexes collected
from June to November weigh from 5.5 grams to 6.8 grams, the average of
97 specimens of both sexes being 6.19 grams. There is no sexual variation
in the weight of immature shrews.
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During March, the shrew population (those which have been born the
previous year) gain weight rapidly and continue to become heavier through-
out the spring and summer until they die. Twenty-nine adult males collected
from March to August average 8.94 grams, the extremes ranging from 6.4
grams to 11 grams. Twenty-four females collected during the same period
average 7.44 grams, the extremes for these, with embryos removed in gravid
individuals, being 6.7 grams to 10 grams, It is very unusual to take these
adult shrews after August, and it will be shown later that they die of old
age at this season.

Molt. It has already been shown that the summer pelage varies markedly
from that of the winter, but the change by no means occurs at the same time
each year, and it may occupy several months in any one region.

Jackson (1928) states that in the southern part of the range of Sorex
fumeus the spring molt may begin as early as the middle of April, though
most specimens at that time are still in full winter pelage. He records indi-
viduals showing molt from April 19 in the south to July 18 in the north.
Jackson observed that the fall molt occupies the period during October and
November, depending in part upon the latitude.

In New York it is usual to find these shrews in full winter pelage from
late September until early May, although the majority of museum specimens
are in summer pelage. This merely indicates that collectors are most active
during the summer months. The progress of the molt is a rather insidious
affair, sometimes well marked and again the hairs being shed generally over
the entire body so that little demarcation can be seen between the gray
pelage of winter and the brown hairs of summer. The earliest record of
molt is seen in an April 22 specimen, which has a large patch of summer fur
on the belly and chin.

Usually by mid-May the summer pelage has been obtained, although it
may be long delayed. An adult male taken on May 6, 1938 has a few hairs of
the winter pelage remaining irregularly over the back, the inguinal region
and particularly the rump. On June 21, 1936, I collected an adult female
which had attained the complete summer pelage except for a small patch
of winter fur about the base of the tail.

The summer pelage is retained until late September or early October.
Three immature shrews collected in the last week of September, 1935 and
1936, have a few patches of summer fur, usually about the head and base of
the tail. Fifty-seven immature shrews collected from September 27 to
October 9 were all in winter pelage except one, which had a few hairs of the
summer pelage about the ears. Males tend to molt earlier in the spring and
fall than females. Breeding is well under way and the first litter produced
before the females have completely shed their winter coat. This is con-
trary to the findings of Green (1930) who trapped a gravid female on April
18, 1928, at Ricketts, Pennsylvania, in which the molt was beginning on the
abdomen.

A smoky shrew is seldom collected which shows any sharp demarcation
between the winter and summer pelage. The molt appears to commence on
the belly, and extends over the shoulders and middle of the back, the old
fur persisting longest about the ears and rump.

Inasmuch as shrews in any given locality exhibit all stages of molt
over a rather long period, particularly during the spring, it might be as-
sumed that the change of fur in the individual occupies several weeks.
Wilcke (1938) observed that a captive Sorex araneus shed its long gray
shaggy winter coat during the first two days of captivity, assuming the
dark shiny summer coat in rapid time.

On May 6, 1938, I collected a large male at Ithaca, New York, which
showed a prominent molt over the back and rump. Long winter hairs stood
out irregularly from the new short brown fur of summer. During the two
days this animal remained alive, all the winter fur was lost.
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HABITAT.

The smoky shrew is a northern species, reaching its abundance in the
cool forested regions of Pennsylvania, New York and New England. In the
beech-hemlock-striped maple woods with a ground cover of loose leaf mold
and black friable soil, it is often found in considerable numbers, and, unlike
its congener, Sorex cinereus, appears to be largely restricted to such a
habitat. In New York it is often abundant in birch-hemlock woods, but is
only poorly represented in the thin-soiled, rocky, dry, maple woods. While
the shrew perhaps favors damp woods, and the vicinity of streams, it is often
taken in areas far removed from water. This species seems particularly fond
of the moss-covered boulders which lie along the wooded south slopes of
valleys, where the sun does not penetrate far in the summer.

In the deep leaf mold of northern forests, one can often push a finger
through the surface layer to find a cavernous void beneath the inch or two of
soil which covers so completely the world beneath. By tearing away this
superficial layer, the tortuous galleries and broad runways of many small
forest mammals are exposed. It is in this retreat, made by the larger
Blarina, red-backed mice, hairy-tailed moles, and kindred forms, that the
smaller Sorex are often found in profusion, a highway of mammal travel
scarcely visualized by the inexperienced observer. During the hot days of
August, 1938, I made several records of temperature in these retreats. In
the open woods and the borders, my thermometer read 89° F. Within the
woods, where little direct sun penetrated, the temperature was 81° F. In the
covered galleries of the small mammals, 6 to 10 inches below the level of the
forest floor, the temperature read 69° F. Conversely, in the winter, when the
forest floor was free of snow, the galleries of these animals, hidden below
the forest litter, had a temperature ranging from 20° F. to 31° F. while the
exposed forest floor had a temperature of 8° F.

The clumps of yew (Taxus canadensis) which grow from the deep leaf
mold are favorite retreats for these small shrews and many have been
captured in such places. The runways of moles, the tunnels canopied by
rotting logs and the leaf-filled depressions which obscure so well the laby-
rinth of tunnels, all yield their Sorezx.

The smoky shrew population is by no means evenly distributed through-
out the forest. While there is no evidence of a communal or gregarious
nature, they prefer certain localities to others and here they may often be
found in some numbers. A typical habitat is shown in Plate I, Fig. 1.

ACTIVITY.

In general, shrews are active at all hours, trapping records to date not
indicating that these animals have any particular time in which to feed or
move about. The three common shrews of eastern United States, Blarina
brevicauda, Sorex fumeus and S. cinereus, are active at all hours of the
day and night. It appears possible that the presence or absence of suitable
cover may limit their movements to certain periods, but my trapping records
do not indicate this. By far the greater number have been taken at night,
but this is accounted for by the collecting methods employed. In the course
of the investigation, traps have been generally set in the afternoon and not
attended until the following morning, so that no positive record has been
obtained for the majority of specimens collected.

In order to determine at what hour catches were made, large numbers
of traps were set at various times of the year and visited at 6-hour inter-
vals. The results appear in Table 1.
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TABLE 1.
Activity of Sorex fumeus as determined by time of catch.
June 12-14, 1932 6 AM-12M. 12M-6 PM. 6 PM-12M. 12M-6 AM.
150 traps set
5-6:30 AM June 12 2 4 3 2

April 14-15, 1939
130 traps set
1-2:30 PM April 14 3 2 5 3

June 24-27, 1937
200 traps set

6 PM June 24 5 3 8 6
Oct. 6-7, 1938
140 traps set
3 PM Oct. 3 3 5 1 5

From the table above it can be seen that 27 shrews were taken from
6 A.M. to 6 P.M. while 33 shrews were trapped from 6 P.M. to 6 A.M. Al-
though the number is admittedly small, it shows that these shrews are active
at all hours. Inasmuch as these shrews live in the deep leaf mold and forest
litter, they are not particularly susceptible to predation at any particular
time. Their diminutive eyes probably hardly distinguish light from darkness.

ASSOCIATES.

The forest floor which serves these little shrews, provides a home for
many other species. Within the same habitat many other small mammals
are to be found, perhaps competing with these mammal sprites for nest
sites and food. These associates vary in their numbers both from year to
year and in the various habitats which one selects to study. The relative
population of these to other small species may best be illustrated by noting
all mammals taken on a trap line over a unit of time in similar habitat.
The following examples will serve.

Maple-beech-hemlock woods, good leaf mold. Ithaca New York, June 28-
29, 1939. Three hundred trap nights. Sorex fumeus, 9; Blarine brevicauda,
27; Napacozapus insignis, 10; Peromyscus leucopus noveboracensis, 9. Sorex
fumeus represents 16.49% of cateh.

Beech-hemlock woods with deep leaf mold. Rensselaerville, New York.
August 6-14. 1938. Seven hundred and fifty trap nights. Sorex fumeus, 18;
Blarina brevicauda, 60; Peromyscus (principally P. leucopus novebora-
censis), 66; Synaptomys cooperi, 6; Zapus hudsonius, 2; Microtus pennsyl-
vanicus, 1. Sorex fumeus represents 11.8% of the catch.

Beech-hemlock woods with deep leaf mold. Ithaca, New York. Oct. 4-7,
1939. 800 trap nights. Sorex fumeus, 27; Blarvina brevicouda, 24; Peromys-
cus leucopus noveboracensis, 26; Clethrionomys gapperi, T; Pitymys pine-
torum scalopsoides, 2; Microtus pennsylvanicus, 2; Parascalops, 1. Sorex’
fumeus represents 20.29, of the catch.

In the records above, it is seen that Sorex fumeus comprises 11.8 to
20.29% of the small mammal population in ideal shrew habitat for certain
regions in New York. If these totals be averaged, it is found that, in the
three areas discussed, Sorex fumeus comprises 18.39% of the small mammal
population. In the northern part of the state, as the Adirondack region,
and much of northern New England, certain species become more abundant,
such as Clethrionomys and Sorex cinereus, and the fumeus population in
these regions would comprise a smaller percentage of the catch.
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BURROWS AND NESTS.

The weak feet of these small shrews make digging a difficult procedure
and as a consequence they utilize and occupy burrows made by larger
mammals. Deep in the leaf mold are prominent subterranean galleries,
some the diameter of a baseball, and others whose bore scarcely exceeds
the diameter of a penny. In these burrows, from an inch to nearly a foot
below the leaves and humus ceiling, a host of small mammals move, feed,
breed and die. These burrows are made chiefly by the powerful hairy-tailed
mole, the short-tailed shrews and certain small rodents, notably the red-
back mice, jumping mice and lemming mice. Chipmunks often tunnel for
some distance below the soil, and the loose texture of the rotting logs and
stumps make progress easy beneath these decaying objects. The tiny Sorex
utilize these burrows, and are often caught in such places. They occasionally
occupy the punky moss-covered logs which lie half hidden in the trash and
rotted leaf mold of the forest.

As evidence that little burrowing is done by these diminutive creatures,
I placed smoky shrews in sizeable aquaria partly filled with friable loam
pressed to a consistency found in the normal habitat of these animals.
Little effort was made to dig, and when the animals did try to displace
dirt with their fore paws, the efforts were weak and ineffective. It seems
probable that they make no burrows but utilize entirely the runways of
other species.

The nests are placed at various places in these tunnels, a favorite
site being beneath a stump or rotten log. I have found one nest composed
almost entirely of the hair of a cottontail rabbit, situated beneath a
stump from which a shrew ran when the nest was exposed. Other nests
which I have examined have been made of shredded leaves, usually situated
from 4 to 9 inches below the surface. These nests are roughly spherical in
shape and approximate a baseball in size. They are more compact and some-
what smaller than the bulkier nests of Blarina. One nest which I presume
had been made by a smoky shrew (a specimen was trapped in a runway
leading from the nest) was situated in a punky log which crumbled apart
easily. The nest was placed at one end of the log near its base and com-
municated with several burrows leading into the soil beneath. Another
was found at the bottom of a large mass of rotten logs which had been piled
by a woodcutter, and allowed to disintegrate. This nest was placed directly
on the ground, between two logs which formed part of the foundation of
the pile.

None of the nests contained remains of food, but piles of scats were
vsually found within a few inches of the nest. Captive shrews are certainly
sanitary creatures, often reserving a corner of the aquaria farthest removed
from the nest in which to deposit their feces. All the nests which I have
examined have been free of parasites.

VOICE.

The long-tailed shrews utter diverse little notes, all with probably some
meaning. When alarmed, or approached by a larger mouse or shrew, the
smoky shrew utters a high pitched grating note, not unlike that of the
smaller bats. If greatly disturbed, it will throw itself on its back, and with
spread and waving legs, repeatedly utter these squeaking staccato notes.
When foraging for food these little shrews utter an almost indiscernible
twitter. I have twice seen these little forest mammals rooting through the
leaf mold or appearing on the forest litter about rotted logs, the twitching
nose and vibrissae held aloft, and this faint, almost inaudible twittering
was kept up continually.



1940} Hamilton: Biology of Smoky Shiew 479

SENSES.

In spite of the diminutive eye (Plate I, Fig. 2) sight appears to be
of some importance. In very subdued light where captives were housed,
the shrews experienced little difficulty in avoiding obstacles and actually
turned from their trails to explore new objects which were placed in the
pens while the animals were exercising. In the thick carpet of leaves and
the dark tunnels beneath the forest litter, there is little need of good eye-
sight and it is probable that these organs are degenerating.

The sense of smell does not appear to be particularly well developed.
Little opportunity was had to test this sense, but when odorous food was
placed in the boxes of hungry shrews, the animals often appeared to
experience difficulty in locating the food items. Indeed, on several occasions
they came within a few inches of small pieces of liverwurst, which were
shallowly buried, but did not find the food until they had hunted for some
time.

Hearing is reasonably acute. Gentle squeaking will alarm the shrews,
while loud and prolonged clapping of the hands will cause the shrews no
disturbance. Blossom (1932) refers to the apparent immunity of Sorex
cinereus to loud sounds. Sleep is often so sound that snapping the fingers
or loud whistling fails to disturb the shrews immediately.

The tactile sense appears to be well developed, and the long facial
vibrigssae may well enable the shrew to intercept disturbances which the
other senses fail to detect. Indeed, there is some reason to believe this,
else why do these little creatures forever hold their long cartilaginous snouts
in the air, the mobile tip and associated vibrissae moving so rapidly that
it is all the observer can manage to follow these extraordinarily rapid
motions?

Foob.

The smoky shrew is admirably adapted for gleaning the forest floor.
Its long snout, with stout inner cartilaginous support, enables it to push
through the leaf mold and loose litter, and its strong hooked and pro-
truding incisors act as efficient tweezers to gather the minute life which
swarms in this habitat. Elsewhere (Hamilton, 1930) I have reported on
the stomach contents of 31 S. fumeus which were taken from February to
December. All of these contained insect remains, these being, in the order
of their abundance, undetermined larvae, Coleoptera, Diptera and Hymenop-
tera. In addition, centipedes, sowbugs, earthworms, salamanders and vege-
table matter were found.

I now have the analyses of 168 stomachs to report. These were taken
in New York during every month, but the greater majority were secured in
the spring and the fall. Specimens taken while a deep layer of snow
covered the ground contained fragmentary remains of insects, principally
small golden pupal cases and fragments of beetles which were presumably
dormant. One contained what appeared to be the meat and skin of a beech-
nut. A dozen shrews secured in March while the ground was well frozen
contained quantities of insect fragments, including dipterous remains and
the legs of centipedes. During May the shrews feed chiefly upon insects,
particularly beetles and their larvae, and eat a few spiders. One shrew had
the toes and flesh of a small salamander, while another had parts of a snail,
probably Polygyra. Still another had eaten several small feathers, possibly
secured from a dead bird, for it is improbable that these delicate little
mammals could successfully overcome a sleeping bird, even though it also
be of diminutive size. I have seen juncos sleeping among the Taxus clumps
when examining my shrew traps at night.
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During the summer months the principal food of the shrews appears
to be insects, but the stomachs of at least two taken during July contained
a mass of flesh and fur. Again it seems improbable that the animal was
not a victim of the shrew, but rather met its death in some other manner.
None of the trap victims had been touched, however, upon the occasion
when these two were taken. Snails, small earthworms and a quantity of
vegetable matter have been recognized in autumn specimens but the food
appears to differ little from that of the summer.

TABLE I1.

Food habits of Sorex fumeus, determined from examination of 168
stomach analyses made throughout the year. The figure below the month
indicates the number examined. Other figures denote the percentage fre-
quency of occurence of the different food items.

Food Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total
4 5 14 27 20 16 19 8 17 21 11 6 168

Insects 75 80 85.7 77.7 70 93.7 94.7 100. 88.2 52.4 81.8 66.6 80.0
Earthworms ... 73 144 15 6.2 10.5 12.5 ... 9.5 233 ... 10.1
Vegetable 50 20 14.1 14.4 25.0 18.7 5.3 50 ... 182 50 14.9
Centipedes 25 .. 214 185 5.0 18.7 15.8 ... 59 9.5 182 16.6 13.1
Snails .. 20 ... 11.1 10.0 10.5 17.6 23.8 9.1 ... 10.1
Salamanders .. .. ... 3.7 5.0 5.3 PO . o 1.8
Mammals A8 d” oo 3.7 10.0 10.5 RN 3.0
Sowbugs FR O B % B 6.2 211 ... 91 ... 53
Spiders .. 20 ... 144 10.0 6.2 ... 125 9.1 5.9
Birds SO co 000 5.0 . .6

Food Requirements. On several occasions I have had captive smoky
shrews for variable periods and have observed their feeding activities. These
shrews are not the prodigious feeders that many naturalists would have us
believe; they never eat food equivalent to their own weight daily, at least in
captivity. Nevertheless, Dixon (1924) has demonstrated that the little gray
shrew (Notiosorex) will eat 75% of its own weight each day. Blossom
(1932) observed that a captive female Sorex cinereus, weighing 3.6 grams,
ate an average daily weight of 11.7 grams, that is, an average of approxi-
mately 3.3 times its own weight every twenty-four hours. Wahlstrom (1928)
states that the food requirements of Sorex vulgaris are enormous and the
ability to fast, even when the animal is in good health, is very low. On the
other hand, Rorig (1905) maintained that a small amount of food was
quite enough to maintain a captive Sorex araneus in good health. The
shrew ate an average of 7 grams of mealworms, grubs and flesh, and was
maintained for nearly three months. Inasmuch as an adult shrew of this
species weighs about 12 grams, it may be seen that slightly more than half
of its weight in food each day is sufficient to keep the animal in good
health.

It may be that conditions under which captive shrews are kept deter-
mine their ability to survive on a moderate amount of food. Moreover, a
varied assortment of natural foods appear to keep the captives more con-
tented than a restricted diet of mealworms or cockroaches. My captive
shrews had an assortment of small snails, mouse flesh, small earthworms,
beetles, centipedes, sowbugs and siftings from the forest floor, including
many spiders. All seemed to do well on this variable diet, and maintained
themselves many days on an amount not exceeding half of their weight.
Still, this quantity is an incredible amount for such a diminutive animal to
consume. Much of the food is bulky and indigestible, for the chitinous
remains of the prey pass with the feces in a state which frequently makes
identification of the parts quite possible. The shrews eat at all hours, the
only stay to their hunger being the necessity for short naps and the actual
search for food, which seldom appears to entail any great labor.
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Feeding Habits in Captivity. The most important sense utilized in
searching for food appears to be that of touch. While hearing is rather
acute, sight and smell seem to play a minor role, and the ever moving snout
and long vibrissae probably are of major importance in apprising these
shrews of their food. They utilize the burrows of many small forest rodents
and the larger shrews, and within the confines of these tunnels the small
prey has little chance to avoid capture. Moreover, the leaf mold may be
riddled with their temporary tunnels and it is suspected, from the actions of
captive specimens, that much of their prey is secured by the sensitive nose.
Small prey, like flies, tiny isopods and centipedes, soil worms and the lesser
beetles are merely bitten and swallowed. The larger food items, as earth-
worms, snails, salamanders or newborn mice are held down with the fore
feet while pieces are bitten off. Wireworms, mealworms, the larger beetles
and kindred prey are first paralyzed by being bitten in the head. Small
salamanders (Plethodon cinereus) are held firmly to the ground and quickly
destroyed by being bitten in the head or back, severing the spinal cord.
The feet, head and viscera of these amphibians are first eaten, the remainder
often being neglected for other food.

It appears improbable that these small shrews are capable of overcoming
deer mice and the other small rodents which inhabit their domain. A small
Peromyscus, weighing 14 grams, was liberated in a large aquarium with
an adult fumeus weighing 10 grams. The shrew made several abortive
efforts to capture the mouse, and once closed in, grasping its active prey by
the flank. The mouse immediately broke this hold, and the discouraged
shrew thereafter paid no heed to its intended victim.

Sorex fumeus probably obtaing sufficient water from its food, for cap-
tives drink only a limited quantity, dipping the snout into the pan of water
and tilting back the head like a chick. Blossom (1932) gave no water to
his captive S. cinereus over nearly a three month period. Wahlstrom (1928)
found his captive Sorex vulgoris never drank; indeed they seemed to fear
the water, and one shrew upon falling into its drinking receptacle avoided
it thereafter. On the contrary, captive specimens of Sorex araneus observed
by Wilecke (1938) drank very freely, in fact after every meal.

REPRODUCTION.

Male Reproductive Organs. The following description is based on
the genital organs of a sexually mature male (Plate II, Fig. 3). The testes
are oval and measure 4 by 8 mm. but occasionally are larger. The caput
epididymis is often diffused and ill defined and usually partly embedded in
a mass of yellow fatty tissue. The cauda epididymis is large, and in breed-
ing animals the convoluted tubules may be distinctly seen with the aid of a
low powered binocular microscope. If the tubules are visible through the
walls of the epidydimis, they invariably contain sperm. This serves to de-
termine whether the males are in a breeding condition. The proximal end
of the vas deferens commences as a narrow tube, gradually swelling until
its distal two-thirds is reached. Here a prominent constriction occurs, the
distal part being enormously swollen into a pouch which gradually tapers
until its junction with the urethra is reached. The distal swelling has a
diameter 4 or 5 times as great as the tubal portion of the vas deferens. A
similar condition prevails with Blaring, but is never so well marked.
According to Brambell (1935) these swellings are composed of alveolar
pouches which store sperm. During the spring, one can slit the distal
pouches and make a smear which usually contains numerous sperm. Two
large paired organs, with numerous villi, somewhat larger than the testes,
and lying dorsad to the vasa deferentia and the bladder, have been desig-
nated the prostate glands by Arnbick-Christie-Linde (1907). These never-
theless appear to be the seminal vesicles, for they appear essentially the
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same as these latter structures in other small mammals. Their true homo-
logies cannot be determined until a careful developmental study is made of
these and associated structures in several insectivores. The large bean-
shaped Cowper’s glands, about two-thirds the size of the testes, lie at the
base of the tail, and dorsally give one the impression of anal glands. The
penis is a large organ for so small an animal. When retracted it is folded
on itself so that the tip lies over the most proximal portion. When extended,
it measures 16 to 18 mm. There is a suggestion of diffuse prepucial glands
but no ducts are visible. The penis is without a baculum.

Weber (1898) implies that the testes in the Soricidae leave the pelvic
cavity seasonally or voluntarily. I have never found the testes situated
other than in a cremaster sac outside the pelvie cavity and lying near the
dorsal tip of the pubis. Even in very young shrews, the testes may be
teased into view with the forceps by grasping the sac and drawing the
testes out. In immature shrews, the caput epididymis is more prominent
than the testis, both in size and in the lighter color. Apparently the
enlargement occurs within the sae, without change of position of the testes
during their enlargement.

The increase in size of the reproductive organs at the onset of the
breeding season must occur with great rapidity. Specimens secured in
March have either very minute testes whose associated structures are barely
visible macroscopically, or else the organs are much enlarged. From exten-
sive field observation and dissection of more than a hundred males taken in
the late winter or early spring, I should judge that the enlargement of the
testes, seminal vesicles and Cowper’s glands does not occupy more than 3 or
4 days.

The Female Reproductive Organs. The female reproductive organs of
Sorex araneus have been well described by Brambell (1935). These organs
in Sorex fumeus (Plate II, Fig. 4) do not differ markedly from the former
species, Inasmuch as these organs are often of minute size, and their parts
not easily determined, it seems desirable to give a brief description of them
so that American investigators may recognize the different structures.

The ovaries of immature and anoestrous adults are minute, oval yellow-
ish bodies, measuring no more than 1 mm. in length. The much larger
ovaries of breeding animals appear like small mulberries, with corpora
lutea and follicles projecting above the surface. The corpora lutea, num-
bering 2 to 5 for each ovary, often occupy the entire ovary. A prominent
periovarian sac completely invests the ovary. The oviduct is well marked
from the uterine cornu, its ovarian part having a much greater diameter
than the uterine end. The entire oviduct is bent in the form of an S.
Brambell (1935) states that the Fallopian tube passes diagonally through
the uterine wall and projects slightly into the uterine lumen. When stretched
taut, the uterine horns join at right angles to the elongated vagina, but
when in situ they are coiled and thus occupy little space. The vagina is
unique in being bent back upon itself, the distal portion lying dorsad to
the proximal portion, so that the junction of the vagina with the uterine
horns lies near the site of the bladder. This is an adaption for the excessive
length of the vagina which, if it lay in position similar to other small mam-
mals, would reach nearly to the kidneys. The lower part of the vagina
merges into the urogenital sinus, where the urethra opens. The clitoris is
not well marked.

The three pairs of teats are inguinal, their glands occupying much of
the post abdominal and inguinal region in lactating individuals. The first
pair of glands are by far the largest, occupying a large area in front of the
thighs and extending almost to the sacral vertebrae. In immature shrews
and anoestrous females they are small and inconspicuous.

The Breeding Season. The season of reproduction normally extends
from early April into August.

































