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HOUSE CONSTRUCTION OF THE DESERT WOODRAT,
NEOTOMA LEPIDA LEPIDA

Frank J. BoNnAccorso aND JaMEs H. Brown

AsstracT.—Under confined and controlled conditions some desert woodrats,
Neotoma lepida lepida, rapidly construct houses similar in size and form to those
built in the wild. They utilize both natural materials (sticks, cactus, and pebbles)
and artificial materials (plastic and metal jar tops). Preference for building
materials differs among individuals. Once accustomed to building in captivity,
woodrats build rapidly. A single individual may add as many as 359 pieces of ma-
terial on a given night to its house and construct a complete house 40 centimeters
high and 100 centimeters in diameter within 7 to 10 nights.

Among small and medium-sized mammals a few species are known for their
ability to construct large houses or lodges that provide protection and shelter
during periods of inactivity. These include beaver (Grinnell et al., 1937),
muskrat (Errington, 1963), and several species of woodrats (Linsdale and
Tevis, 1951; Rainey, 1956; Finley, 1958). Houses of all of these species are
complex structures composed of thousands of pieces arranged to produce a
relatively specific configuration of chambers and entrances. Although the form
of natural houses in the field has been described (see above references), we
know of no published studies of mammalian house construction under con-
trolled experimental conditions. Woodrats, because they are relatively small
and will readily build houses in captivity, are ideal for analyzing various aspects
of house building behavior in the laboratory.

The present paper describes rates of building, material selection, and form of
the completed structure of houses built by three desert woodrats (Neotoma
lepida lepida). 1t also presents, for comparative purposes, some field data on
size and form of natural houses and the distribution of materials around natural
houses.

MATERIALS AND METHODS

Individuals of Neotoma lepida lepida were live-trapped near Desert Springs, Riverside Co.,
California, on 10 January 1970. They were taken from desert scrubland dominated by creo-
sote bush (Larrea divaricata) and containing scattered silver cholla (Opuntia echinocarpa).
After capture, animals were caged individually and fed commercial rat chow supplemented
with fresh fruits and vegetables.

House construction was analyzed between March and 18 May 1970 by placing individual
woodrats in an outdoor enclosure (3 by 3 meters). The enclosure had a gravel substrate,
one-meter high sheet metal walls, and a screen top. Several large rocks in the enclosure pro-
vided cover and a small cardboard box (20 by 10 by 8 centimeters) containing cotton
served as nest box and starting foundation for the houses.

Four types of materials were available for house construction: 1) sticks, generally 10 to
50 centimeters in length and weighing less than 100 grams; 2) joints of jumping cholla
cactus (Opuntia bigelovii); 3) plastic and metal jar tops 5.0 to 7.5 centimeters diameter;
and 4) pebbles from the gravel substrate. Each night 300 sticks, 50 cholla joints, and 50 jar
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Fic. 1.—A, woodrat house at “flattened” stage; B, house at “rounded” stage; C, completed
house at “peaked” stage; D, woodrat carrying joint of Opuntia bigelovii.

tops were available to each rat for house construction. These were scattered haphazardly
over the floor of the enclosure. The following day the numbers of each kind of material
except pebbles that had been added to the house were determined by counting those that
remained unused and subtracting from the number originally present. Additional materials
of each kind were then added to restore the original number. Animals were permitted to
build until the rate of utilization of materials began to decline. Dimensions of the houses
were measured periodically during and at the completion of construction. Finished houses
were dismantled and the details of their entrances, passageways, and chambers were recorded.
At intervals, construction was observed by means of a 125-watt red lamp suspended over the
enclosure.

The senior author examined natural houses of N. l. lepida 17 mi. S of Kelso, San Bernardino
Co., California, in a habitat of creosote bush (Larrea divaricata), Mohave yucca (Yucca
schidigera), silver cholla (Opuntia echinocarpa), and pencil cholla (O. ramosissima). The
study area was more than a mile from the nearest permanent human habitations. Dimensions
of several houses were measured and the number of loose, apparently suitable building
materials within a 4-meter radius of the house were counted.

ResuLTs

Of five woodrats tested in the enclosure, two failed to construct houses but
built only small open-topped, cuplike nests within which to sleep. The other
three individuals, once accustomed to the enclosure, rapidly constructed large,
well-formed houses. Fig. 1 shows the usual sequence of stages of house con-
struction. During the first two or three nights, materials were placed over the
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Fic. 2—Nightly construction rate of a house by a single woodrat. The largest jar tops are
7.5 centimeters in diameter.

cardboard nest box to form a flattened structure. For the next several nights
additional materials were added and the house assumed a low, rounded outline.
As the house neared completion, more materials were added to the top than to
the sides, and the house assumed a domed (or even peaked) shape. These three
sequential stages in house shape also were observed by Linsdale and Tevis
(1951) in houses of Neotoma fuscipes in the wild. The size of four completed
houses ranged from 41 to 47 centimeters in height and 100 to 180 centimeters in
diameter. These houses had from three to seven entrances, numerous internal
passageways, and at least two chambers where food caches were kept. The
structural details differed somewhat between houses of individuals and be-
tween different houses built by the same individual, but the basic form was
remarkably similar.

In most cases, rates of construction were fast and similar to that shown in
Fig. 2. Fewer pieces were added. the first night than in the next few nights
when construction was most rapid. Two of the three woodrats used an average
of more than 200 construction units per night during the first five nights. One
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TABLE 1.—Preference for materials used in house construction.

Per cent of Preference index*
N T e e
Animal bﬁéﬁ;g Sticks Cholla t{):)rs Sticks Cholla t{);rs
1(8) 7 28.8 414 29.8 .402 292 306
2(9) 10 75.0 125 12,5 270 .688 .042
3(8) 8 75.0 12.5 12.5 541 431 .028

* This preference index is based on the number of units actually utilized by woodrats in the construction
of houses as a fraction of the total units available. Inasmuch as materials were not available in equal num-

bers, the absolute proportion of materials used has been weighted by a factor inversely proportional to
availability in caloulating this index. e Y v prop

animal added 359 units in a single night. Complete houses were built in seven
to 10 nights. Direct observation indicated that building occurred in intermittent
periods of activity during which the animal rapidly added many units to the
house. In one 10-minute period (interrupted by two pauses of about one
minute each), a woodrat placed 19 sticks and one jar top on a house. Each
piece was carried individually so that a separate round trip was made to add
each item.

The three individuals studied, though caught from the same natural popula-
tion, showed different preferences for the three kinds of building materials
(Table 1). One animal showed little selection, but took materials almost in
relation to their availability; another showed preference for cholla and discrimi-
nated against jar tops, whereas the third chose cholla and sticks about equally
and almost completely ignored the jar tops.

All items were transported individually by mouth to the house. Small sticks
were grasped near the center and carried free of the ground. The heaviest
sticks used (about 100 grams) were dragged by one end. Jar tops were carried
with the lip uppermost. Cholla joints were transported by grasping, with the
teeth, the spineless area where the joint had broken off the plant (Fig. 1D.)
Woodrats carried materials rapidly over the substrate, but walked deliberately
when climbing on a house. Usually pieces were placed hurriedly upon the
house, but sometimes were rearranged later. Most of the cholla used tended to
be placed on the top of the house and around the basal periphery, especially the
entrances (Fig. 1C). One woodrat removed cholla from inner layers of the
house, in order to cover subsequent additions of sticks and jar tops when cholla
in the enclosure became depleted. During periods of building activity, wood-
rats gathered materials from a single portion of the enclosure, repeatedly
climbed on a particular side of the house, and deposited the materials on the
same part of the house.

Houses examined in the field at Kelso in May 1970 were similar in size to
completed houses constructed by captive woodrats (Table 2). Sometimes
houses in the field were slightly higher, apparently because of the support pro-
vided by vegetation around which they were constructed. A survey of potential
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TABLE 2.—Size comparison of woodrat houses in the field and in captivity.

House Location Greatest basal di t Greatest height

Houses in the field

1 Yucca 100 cm 85 cm

2 " 120 cm 48 cm

3 " 120 cm 40 cm
Houses in captivity

1 Enclosure corner 122 cm 41 cm

2 " 100 cm 46 cm

3 " 123 ecm 47 cm

5% Center of enclosure in rocks 180 cm 47 cm

. * Information on the rate of material utilization for house no. 5 was not recorded; thus this house is not
included in Table 1.

loose building materials in the immediate vicinity of houses revealed fewer
materials than generally were present in the habitat (Table 3). Sticks and
cholla joints were the only materials of major structural or numerical impor-
tance in woodrat houses of this population. Most houses contained some small
stones and many houses contained a few bones, mammal scats, or human

artifacts.

DiscussioNn

Under controlled conditions, some woodrats rapidly construct houses that
are remarkably similar in size and form to houses built by woodrats in the field.
Some individuals readily utilize large numbers of artificial objects (jar tops, for
example) for building materials if these are available. This, coupled with our
observation that woodrats in the field significantly reduce the concentration of
loose building materials in the vicinity of their houses, might account for the

TaBLE 3.—Comparison of available loose sticks within a 4-meter radius of woodrat houses
and potential sites for houses.

Number of available loose sticks

Location suitable for house construction

Actual house

Yucca 41

Yucca 57

Silver Cholla 87
Potential site*

Yucca 232

Yucca 311

Yucca 312

Silver Cholla 200

* These are sites in the same habitat as sites where woodrats built houses, but at least 60 meters away
from the nearest rat house.
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large number of strange objects occasionally found in woodrat houses. Espe-
cially around occupied buildings, materials for house construction may be
limited severely and woodrats therefore may utilize almost any object they can
transport. In some habitats, scarcity of materials for house construction may
even limit woodrat populations. We believe that Neotoma lepida lepida is
incapable of chewing joints off a cholla plant, and relies solely on joints that
have fallen to the ground due to other agents (wind, for example). Although
suitable dry sticks could be obtained in abundant numbers by gnawing them
off woody plants such as Larrea divaricata, this would be time consuming and
noisy, perhaps increasing the chances for predation. It is more likely that
woodrats utilize only loose building materials when available.

All woodrat houses constructed in captivity and examined in the field had
numerous cholla joints placed along the basal periphery, around entrances, and
around the nestbox. The positioning of cholla joints at these strategic locations
provides maximum protection from such predators as kit foxes and coyotes.

The rapid rate of house construction reported here has obvious advantages.
Woodrat houses provide their inhabitants with protection from predators and
severe weather conditions, and a place for food storage. New houses probably
are most often constructed by newly-dispersed juveniles. These animals would
be those in the population most exposed to predators and potentially lethal
climatic fluctuations (Brown, 1968). Rapid house construction could sub-
stantially lessen this exposure.
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