
Crawford’s gray shrews (Notiosorex craw-
fordi) occur in the southwestern United States
as well as in northern and central Mexico
(Hutterer 2005). Crawford’s gray shrews
inhabit various arid habitats and are com-
monly reported in upland desert scrub (Arm-
strong and Jones 1972). A few recent records
in Arizona, however, describe N. crawfordi
occurring in cottonwood-willow (Populus–Salix
sp.) habitats (Duncan and Corman 1991) and
in riparian woodlands with oak (Quercus sp.)
and sycamore (Platanus wrightii; Carothers
1968). In New Mexico, little information has
been published regarding the relative abun-
dance or habitat associations of Crawford’s
gray shrews. Findley et al. (1975) reported N.
crawfordi in various habitats only from 8 scat-
tered localities throughout the state. In the
Rio Grande valley, Bailey (1931) reported that
N. crawfordi occurs in the area, and Hink and
Ohmart (1984) captured 49 individuals in pit-
fall traps along the Rio Grande between the
Jemez River and Rio Puerco. Hink and Ohmart
(1984) suggested that populations of this species
exist along the Rio Grande but did not provide
much detail on habitat and distribution.

As part of a study designed to evaluate the
effects of nonnative plant and fuels removal on
wildlife, we monitored herpetofauna for 7
years in central New Mexico (Bateman et al.
2008a, 2008b). During our study, we frequently

captured Crawford’s gray shrews in pitfall
traps. This provided an opportunity to docu-
ment the relative abundance of N. crawfordi
along the Rio Grande in central parts of the
state and to determine whether removal of
nonnative vegetation affected capture rates of
this species of shrew.

We established trapping arrays in thirteen
20-ha sites in 3 geographic regions (north,
middle, and south) near Albuquerque (35°
00�04�N, 106°41�04�W), Bernalillo County;
near Los Lunas (34°50�39�N, 106°42�44�W),
Valencia County; and at the Bosque del
Apache National Wildlife Refuge (33°47�59�N,
106°52�59�W), Socorro County. Sites were in
riparian forests containing a mixture of native
Rio Grande cottonwood (Populus deltoides
wislizenii) and nonnative plants, including
saltcedar (Tamarix chinensis and Tamarix
ramosissima) and Russian olive (Elaeagnus
angustifolia). Our study design required 12
study sites, and a 13th site was added to
replace one that burned in a wildfire in 2001.
Thus, we monitored 11 sites annually from
2000 to 2006, and we monitored the burned
site from 2000 to 2004 and its replacement
from 2002 to 2006. Nonnative plants and fuels
were removed from 9 experimental sites; the 4
other sites lacking removal of nonnative
species were control sites. The experimental
treatment included removal of nonnative
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plants by cutting with chainsaws, burning
slash piles, and planting native shrubs. Exper-
imental treatments began in 2003, were com-
pleted in 2005, and were performed during
autumn or winter to reduce disturbance to ter-
restrial vertebrates. We measured vegetation
in control and experimental sites before and
after treatment along 50-m transects and in 4-
m-radius plots (see Bateman et al. 2008a for
details).

We used methods designed to capture her-
petofauna primarily, and captures of mammals
were incidental. A trap array consisted of 3
drift fences, 6 pitfalls (18.9 liter buckets) with
cover boards, and 6 funnel traps (about 15 ×
60 cm). We established 3 trap arrays in each
site at a random distance >25 m from the
edge of each site and >320 m apart. Each 6-
m-long fence began 7.5 m from a central point
and was positioned at 0°, 120°, and 240° (see
Bateman et al. 2008a). We checked traps every
2 – 4 days, and traps were open continuously
from June to mid-September every year
except in 2000, during which trapping
occurred from June to early August.

We defined capture rate as the number of
shrews caught per 100 trap-days per site. A
trap-day was defined as one day during which
all traps were open at an array, which included
6 pitfalls and 6 funnel traps. Captures were
combined among the 3 arrays at a site (e.g., 3
arrays open for 10 days = 30 trap-days per
site). Live shrews were released unmarked,
and it is possible that we captured some indi-
viduals multiple times. Shrews that died in traps
were kept as voucher specimens and deposited
in the Museum of Southwestern Biology (MSB),
University of New Mexico, Albuquerque (cat-
alog numbers MSB 125426–125559).

We used a repeated-measures ANOVA with
years as a repeated effect (SPSS, Inc., version
13.0, Chicago, IL; mixed procedure with 1st-
order autoregressive correlation among years)
to test for treatment effect on capture rate of
shrews. Capture rate was transformed using
an ln(x + 1) transformation to meet the nor-
mality assumption. We tested for effects of
region (north, middle, and south), period (pre-
and posttreatment), and assigned treatment
(control and experimental sites). We defined
pretreatment years as 2000–2002 and post-
treatment years as 2003–2006 for all sites
except 2 in which the experimental treatment
was applied in 2004 and 2005. Therefore, we

defined posttreatment years as 2004–2006 for
one site and 2005–2006 for the second site.
We used 12 sites in the analysis by omitting
the control site that burned at the beginning
of the study and including its replacement site
for later years.

During 7 years, we captured 12 species of
small mammals. Crawford’s gray shrews were
the most abundant mammal captured in pit-
falls, amounting to 2146 captures. Other cap-
tures included 592 Peromyscus (white-footed
mouse Peromyscus leucopus and deer mouse
Peromyscus maniculatus), 31 Perognathus (silky
pocket mouse Perognathus flavus and Plains
pocket mouse Perognathus flavescens), and 31
Mus musculus (house mouse). Some shrews
were placed in a cloth bag of known mass and
weighed with a Pesola scale. Average mass of
shrews was 3.5 g (s = 0.04, n = 263).

Capture rates of shrews were greatest in
August and September compared to earlier
summer months, and capture rates varied
among years (Table 1). Mean capture rate of
shrews was greater in the north region (15.9, s
= 1.8) than in the middle (5.4, s = 0.6) and
south regions (6.6, s = 0.8; F2,19.7 = 17.1, P
< 0.001). Mean capture rate was greater in
experimental sites (9.9, s = 0.9) compared to
control sites (7.5, s = 2.1; F1, 21.1 = 7.8, P =
0.011); however, there was no effect of pre-
treatment versus posttreatment (F1, 39.3 = 0.3,
P = 0.574). In that analysis, a treatment effect
would have been indicated by a significant
period (pre- vs. posttreatment) × group (con-
trol vs. experimental site) interaction. We did
not detect a significant period × group inter-
action (F1, 40.3 = 1.5, P = 0.232), and thus, we
did not detect a difference in capture rates of
shrews at sites with and without removal of
nonnative plants and fuels.

We captured all shrews in pitfalls and none
in funnel traps in a riparian cottonwood forest.
Other species of trees and shrubs in the
understory included the nonnative plants
saltcedar and Russian olive, and native plants
such as Goodding’s willow (Salix gooddingii),
coyote willow (Salix exigua), and seep willow
(Baccharis salicifolia). Sites with damp soil
contained the perennial herb yerba mansa
(Anemopsis californica). Characteristics of
canopy cover and density of cottonwood trees
were similar in control and experimental sites
and did not vary over time between pretreat-
ment and posttreatment conditions (Bateman
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et al. 2008a). In contrast, large woody debris
and nonnative plants were reduced after
experimental treatments (see Bateman et al.
2008a). Canopy cover ranged from 81.9% to
87.7%, cottonwood basal area ranged from 14.1
to 21.9 m2 ⋅ ha–1, and depth of ground litter
ranged from 3.5 to 4.8 cm. The experimental
treatments reduced numbers of nonnative
plants (saltcedar and Russian olive) and num-
bers of branches and logs on the ground. The
percent of ground covered by wood chips and
small sticks increased from 0% to 14.7% after
experimental treatments. During the period of
study, percent of ground covered by forbs and
grass ranged from 17.2% to 54.0%. Generally,
the riparian forest was dry and not inundated
with surface or groundwater; however, 2 sites
flooded in spring 2005 (Bateman et al. 2008b).
At least one shrew was captured in every type
of microhabitat and pitfall trap during the
study.

Distributional information is relatively lim-
ited for N. crawfordi, as are data on habitat
associations. Armstrong and Jones (1972)
reported that Crawford’s gray shrews primar-
ily were associated with semidesert scrub in
uplands and were occasionally discovered in
riparian habitats. Yet, additional evidence sug-
gests that Crawford’s grey shrew is more com-
monly associated with riparian habitats than
originally reported. In our study, large num-
bers of Crawford’s gray shrews were captured
in native cottonwood forest with a mixed
understory of nonnative vegetation and native
willows. Most shrews captured by Hink and
Ohmart (1984) were from riparian sites with
dense thickets of coyote willow along the Mid-
dle Rio Grande. Similarly, along the San Pedro
River in Arizona, the greatest abundance of
Crawford’s gray shrews occurred in riparian
cottonwood-willow habitat (Populus fremontii–
Salix spp.), exceeding abundances in upland
sites (Duncan and Corman 1991).

Increased capture rates of shrews in late
summer following monsoonal rains may reflect
increased population size, increased activity,
or both. In the southwestern United States,
rodents usually increase in abundance during
or following rainfall (Brown and Heske 1990,
Ernest et al. 2000, Morrison et al. 2002).
Central New Mexico typically experiences
monsoonal rains during July and August, but
rainfall varies considerably among years
(NOAA 2000–2006; Los Lunas, Valencia
County, www.noaa.gov). Greater capture rates
of shrews in August and September may
reflect reproduction following summer mon-
soons or shrews becoming more active during
conditions favorable for prey and other
resources. Duncan and Corman (1991) also
reported high shrew abundances in summer
compared to shrew abundances in nonrepro-
ductive seasons in Arizona.

Capture rates of shrews were not affected
by the treatment to remove nonnative plants
and fuels. Treatment effects may have been
difficult to detect due to large variations in
captures among years and study blocks. Alter-
natively, the treatment effect may not have
significantly affected habitat or resources of
shrews, or perhaps shrews were plastic to a
range of conditions (e.g., prey and cover).

Methods used to sample shrews may influ-
ence capture success and, consequently, per-
ceptions of their abundance. Findley et al.
(1975) suggested that Crawford’s gray shrews
are likely more common than capture records
indicate, and perhaps this disparity is related
to methods of data collection. Pitfalls may be
more efficient at sampling abundance of
shrews (Brown 1967, Williams and Braun 1983,
Bury and Corn 1987, Mengak and Guynn 1987,
McCay and Komoroski 2004) than snap traps
or live traps, because shrews appear to avoid
live traps (Kirkland and Sheppard 1994). Our
study also demonstrated that pitfalls were
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TABLE 1. Total number of Crawford’s gray shrews (Notiosorex crawfordi) captured per month and mean capture rate
(–+ standard deviation) along the Rio Grande in central New Mexico. Shrews were captured in pitfalls in trapping arrays
intended for sampling herpetofauna. Capture rate is the number of shrews caught per 100 trap days per site. In 2000 the
trapping period was shorter than in subsequent years.

Month 2000 2001 2002 2003 2004 2005 2006 Capture rate

June 12 42 11 45 32 81 37 4.7 –+ 4.8
July 51 107 163 46 44 79 52 7.5 –+ 7.0
August 2 174 151 96 84 225 91 10.5 –+ 12.2
September — 161 120 81 53 93 13 15.2 –+ 15.1
Capture rate 3.4 –+ 1.5 13.4 –+ 8.9 12.4 –+ 8.1 7.7 –+ 5.7 6.8 –+ 6.1 13.8 –+ 11.3 6.5 –+ 3.0
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highly effective at capturing shrews. Snap traps
and live traps are more commonly used to
capture small mammals than pitfalls are; thus,
shrews are likely underrepresented in many
studies. Sampling methods should be consid-
ered when researchers interpret and compare
results among studies with shrews, and a stan-
dard protocol for sampling shrews should
include a combination of pitfalls and drift
fences (Kirkland and Sheppard 1994).
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