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ABSTRACT—Local species richness in shrew (Soricidae) assemblages is often high, and the mech-
anisms of ecological separation remain relatively unexplored. In this study, hair samples from 6
species of Sorex in 3 separate assemblages were analyzed for stable carbon (*C/!2C) and nitrogen
(1®N/!"N) isotope ratios to investigate dietary differences. At each locality, common species exhib-
ited a broad range in 8!°N and, to a lesser extent, 8'3C, whereas non-overlapping signatures char-
acterized the less abundant species. Because the naturally occurring stable isotope ratios of carbon
and nitrogen vary with microenvironment and trophic level, the results support the idea that
shrews achieve coexistence through resource partitioning. This study is the first to report stable
isotope data on syntopic shrews and provides a direction for future research into resolving the
mechanisms of ecological separation in shrew communities.

ResUMEN—La riqueza local de las especies en comunidades de la musarana (Soricidae) con
frecuencia es alta y los mecanismos de separacion ecologica siguen siendo relativamente inex-
plorados. En este estudio, las muestras del pelo de 6 especies de Sorex en 3 comunidades separadas
fueron analizadas para calcular las proporciones de los isétopos estables de carbén (13C/12C) y de
nitrégeno ("”N/!N) para investigar diferencias dietéticas. En cada lugar, las especies comunes
exhibieron una amplia gama en 3'°N, y un poco menos en 3'*C, mientras que proporciones no
sobrepuestas caracterizaron las especies menos abundantes. Porque las proporciones de los is6-
topos estables de carbon y de nitrogeno existen naturalmente, varian con el microambiente y el
nivel tréfico, los resultados apoyan la idea de que las musaranas alcanzan coexistencia por medio
de division de recursos. Este es el primer estudio en divulgar datos de los isotopos estables de
musaranas sintopicas, y provee una direccion para la investigacion futura para resolver los mecan-
ismos de la separacion ecologica en comunidades de musaranas.
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Resource partitioning underlies the coexis-
tence of morphologically and ecologically sim-
ilar species in conditions where resources are
limiting (Schoener, 19744). Among soricine
shrews, local species richness is often high
(Spencer and Pettus, 1966; Wrigley et al., 1979;
Whittaker and French, 1984; Kirkland et al.,
1997; Rychlik, 2000). For these small, non-hi-
bernating mammals with high metabolic de-
mands and little gross morphological differ-
entiation, asymmetrical use of prey resources
might contribute significantly to ecological
separation (Kirkland, 1991). For example,
Churchfield (1984) found that the proportions
of prey taxa in feces differed among co-occur-
ring shrew species, demonstrating dietary sep-

aration. Other studies suggest a host of mech-
anisms contributing to ecological separation,
including macrohabitat and microhabitat affin-
ities, foraging behavior, body size, vertical strat-
ification, and territoriality (Getz, 1961; Mi-
chielsen, 1966; Hawes, 1977; Ellenbroek, 1980;
Dickman, 1988; Rychlik, 1997, 2000; Brannon,
2000). Additionally, there are indications that
the diets of numerically dominant species of
shrews are broad compared with those of less
common species (Pernetta, 1976; Whitaker
and Maser, 1976). Ultimately, differences in
habitat selection could lead to differences in
prey encounter rate, hence dietary separation.
Our study focused on the distribution patterns
of isotopic profiles among syntopic soricids as
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an inquiry into the potential utility of stable
isotope methods to investigate issues of ecolog-
ical separation in shrew assemblages.

Analysis of the naturally occurring stable iso-
tope ratios of carbon (*C/'2C) and nitrogen
(1®N/1N) in animal tissues increasingly is used
to provide insights into animal ecology (Gan-
nes et al., 1997). The application of this meth-
od potentially is useful for shrew ecology,
where direct observation is impractical. Differ-
ent animal tissues have distinctly different
turnover rates (Tieszen et al., 1983; Hobson,
1993); thus, the choice of tissue for isotopic
analysis is key. Hair is an extremely useful tis-
sue for examining both modern and historical
diets of animals (Schoeninger et al., 1998;
O’Connell and Hedges, 1999; Hobson et al.,
2000; West et al., 2004). The carbon and nitro-
gen ratios recorded in the hair reflect the diet
at the time of hair growth and remain immo-
bile thereafter (Macko et al., 1999). Thus, hair
provides an integrated dietary signal, rather
than just an indication of the last meal eaten
by the animal, as provided by gut content or
fecal analysis.

Isotopic analysis currently cannot provide
the resolution to detail taxonomic differences
in prey selection. However, it can provide in-
sight into variability of prey selection that en-
ables inferences about trophic level (1°N/14N),
food sources for herbivorous prey (1*C/12C),
and variation in microhabitat affinities among
prey of co-occurring shrews. Differences in the
ratios of nitrogen isotopes can be used to infer
differences in the trophic levels (Minigawa and
Wada, 1984; Schoeninger and DeNiro, 1984).
The ratios of carbon isotopes distinguish be-
tween plants with the C; photosynthetic path-
way, typically grasses (averaging —26.5%o), ver-
sus plants with the C; photosynthetic pathway,
mostly dicots (averaging —12.5%o) (Smith,
1972). Terrestrial plants can vary widely in 81°N
across large spatial scales primarily due to var-
iations in soil 8'°N (Shearer et al., 1979; Shear-
er and Kohl, 1989) and the enrichment of
deep-rooted plants over those with shallow
roots (Virginia et al., 1989). Although com-
munities in this study were sampled over small
spatial scales, reducing the potential for appre-
ciable baseline isotopic variation, microenvi-
ronmental patchiness in soil properties, cli-
mate, moisture, and vegetation structure can
influence carbon and nitrogen isotope ratios
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of plants and the trophic systems they support
(Marriott et al., 1997; Rice, 2000). Thus, many
factors determine the isotopic profile of soil
epifauna and the shrews that prey on them.
The “isotopic niche” of a shrew is therefore
defined by both prey affinities and habitat se-
lection. In this way, stable isotopes have been
used to infer resource partitioning in aquatic
and soil invertebrate communities (Meili et al.,
1996; Hendrix et al., 1999; Vaz et al., 1999).

We used the dual isotope ratios of "N/!N
and *C/12C from bulk hair samples of 6 spe-
cies of shrews (Sorex cinereus, S. monticolus, S.
nanus, S. palustris, S. preblei, and S. vagrans) to
investigate ecological separation within species
assemblages at 3 local sites in Utah. Because
shrews sampled in this study were syntopic and
trapped synchronously, these assemblages offer
an excellent opportunity to investigate niche
partitioning.

METHODS—Study Localities and Species—During the
summers of 1997 and 1998, 4 species were collected
from 2 localities in the La Sal Mountains of south-
ecastern Utah (Appendix I) (Rickart and Heaney,
2001). In the vicinity of Warner Lake, over a period
of 11 d, 3 species (S. cinereus, n = 3; S. monticolus, n
= 18; S. nanus, n =
grove of aspen (Populus tremuloides) along the mar-
gin of a talus slope (2,850 m elevation), and a fourth
species, (S. palustris, n = 2) was trapped along an
adjacent stream. Also in the La Sal Mountains, near
the head of Dark Canyon (3,200 m elevation), 3 spe-
cies (S. monticolus, n = 5; S. nanus, n = 2; S. palustris,
n = 1) were collected over a 2-d period at a spring
along the margin of a talus field. Specimens from
both the Warner Lake and Dark Canyon localities
were preserved initially in 10% formalin and subse-
quently stored in 70% ethyl alcohol for 3.5 to 4.5y
prior to isotopic analysis.

In 2001 and 2002, we collected 2 species in a salt-
grass (Distichilis stricta) marsh at Timpie Springs Wa-
terfowl Management Area in northwestern Utah
(Appendix I). Specimens of S. vagrans (n = 28) were
collected between June 2001 and April 2002, and S.
preblei (n = 2) were collected on 6 March 2002. Spec-
imens from this locality were stored at —20°C for 1
to 8 mo prior to collection of hair samples for iso-
topic analysis. They subsequently were preserved in
10% formalin and stored in 70% ethyl alcohol. Ad-
ditional hair samples were collected from 28 speci-
mens from Timpie Springs after 12 mo of fluid pres-
ervation. These samples, along with unpreserved
hair samples from the same specimens were ana-
lyzed concurrently to determine the preservation ef-

2) were collected in a small
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fects of formalin and ethanol on stable isotope ra-
tios.

Shrews were identified on the basis of external
and cranial measurements and dental characteristics
(Junge and Hoffmann, 1981) and retained as vouch-
er specimens (Appendix I). Furthermore, animals
collected synchronously were examined for age and
molt status.

Sample Preparation and Isotopic Analysis—All speci-
mens were rinsed with 70% ethyl alcohol prior to
hair collection. About 1 mg of hair was trimmed
from the rump of all specimens and dried in an
oven at 55°C for 12 to 24 h. Dried hair was loaded
into tin capsules for isotopic analysis (Bol and Pflie-
ger, 2002). Samples were analyzed for 3N and 8'3C
in a Carlo Erba elemental analyzer (EA 1108) cou-
pled with a Delta-S continuous-flow isotope ratio-
mass spectrometer (Finnagen Mat). The standard
deviation for replicate measurements of a yeast stan-
dard was <0.2%o for 8'3C and 8'°N.

Isotope ratios are expressed in %o as:

NE = (Rsample/Rslandard — 1) X 1,000

where N is the mass of the heavy isotope of element
E and R is the ratio of the heavy to light isotope
(13C/12C or "' N/!N). The & values are reported rel-
ative to the international standards of Peedee bel-
emnite marine limestone (3'3C) and atmospheric Ny
(3°N).

We calculated 95% confidence intervals of 3'*C
and 3N for S. monticolus at Warner Lake and rep-
resent this region of the unknown mean as an el-
lipse.

ResuLTS—Fluid preservation had a variable
but small effect on the isotope ratios of hair
samples (A3°C,. = —0.44 = 0.58%0¢ SD;
AN, = +0.74 = 0.54%o0 SD). This variation
might be the result of a combination of factors,
including natural variation in hair samples, for-
malin-induced fractionation (Sarakinos et al.,
2002), residual ethanol, and analytical error.
While the source of variation is unclear, the
magnitude of change is small; thus, the out-
come of this investigation is not appreciably
changed. The mean fractionation values above
were used to correct signatures from fluid pre-
served specimens (Warner Lake and Dark Can-
yon).

On the basis of dental wear and pelage con-
dition, all synchronously trapped animals ap-
parently were young adults and likely were
born in the late spring or early summer before
collection. We did not encounter specimens
that appeared to be old adults that had sur-
vived a winter season, nor did we find signs of
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molt occurring in any of the shrews. As such,
it was assumed that hair isotope values reflect
the first adult pelage and likely that of a spring
and early summer diet.

We determined stable isotope signatures
from 64 specimens representing 6 species of
Sorex. At each of the 3 localities, the numeri-
cally dominant species evinced a broad range
in both 8N and 8'3C (Fig. 1). Although sam-
ple sizes of the less common species were
small, these taxa were relatively grouped and
seemed to have unique species signatures.

At the Warner Lake locality (Fig. 1a), the
distribution of S. monticolus, S. nanus, and S.
cinereus values were primarily along the 8!°N
axis, whereas the 2 S. palustris specimens were
distinguished by their depleted 3'3C signa-
tures. Similarly, the values for S. nanus had a
highly enriched 3'°N range and were separated
from all other specimens at this locality. The 3
S. cinereus specimens occupied a small range
within the range of S. monticolus.

Although small sample sizes at Dark Canyon
hinder interpretations, the 8”N range of S.
monticolus was large and the depleted 8'*C sig-
nal of the S. palustris specimen was noteworthy
(Fig. 1b). At Timpie Springs, the ranges in
both 3®N and 8'*C for the March 2002 speci-
mens of S. vagrans were large but did not over-
lap those of the 2 S. preblei (Fig. 1c). Further-
more, the S. preblei specimens occupied the de-
pleted end of all 28 S. wvagrans specimens in
both 3N and 8!3C at this locality.

DiscussioN—Owverall, our results indicated
that co-occurring shrews were partitioning
their environment in ways to lead to differenc-
es in diet. Although this study represents the
most detailed isotopic analysis of these taxa to
date, our results did not enable us to deter-
mine whether syntopic shrews were specifically
exploiting different prey species or preferen-
tially foraging in different microhabitats that
hosted the same prey taxa but had different
baseline isotope conditions. If, as in the former
instance, isotopic differences reflect interspe-
cific dietary differences in shrews, this might
result from differences in prey encounter rate
(Churchfield, 1994). Invertebrates demon-
strate microhabitat affinities (Adis and Ribeiro,
1989; McIntyre, 1998; Powers et al., 1998);
thus, even if shrews forage opportunistically,
mechanisms such as differences in microhabi-
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FIiG. 1—Values of 8'°N vs. 3!'3C from hair samples
taken from syntopic and synchronously trapped
shrews at 3 locations in Utah: Warner Lake (a), Dark
Canyon (b), and Timpie Springs (c). Figure symbols:
Sorex cinereus (filled diamonds); S. monticolus (open
squares); S. palustris (filled triangles); S. nanus (x);
S. preblei (filled circles); S. vagrans (filled squares de-
note 6 March 2002 collection, and + symbol denotes
June 2001 through April 2002 collections, excluding
6 March 2002 specimens). A 95% confidence ellipse
is plotted for the S. monticolus values from Warner
Lake (a). Due to the peripheral distribution of S.
monticolus values, this region of the unknown mean
encompasses only 1 specimen.
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tat affinities, vertical stratification, foraging be-
havior, and body size ultimately might lead to
interspecific differences in prey encounter
rates, resulting in dietary separation. Other
sources of variance in the abundances of "N
include spatial variation in soil nitrogen min-
eralization and anthropogenic influences, such
as land clearing and fertilization (Feigin et al.,
1974; Nadelhoffer and Fry, 1994). However,
the collection sites in this study represented
uncultivated and undisturbed habitat, so an-
thropogenic influences were minimized, and
an understanding of natural isotopic variation
in microhabitats, including soil N, and poten-
tial prey could permit a detailed blueprint of
the specific mechanisms employed by shrews
faced with competition.

Life stage and nutritional status can influ-
ence "N/MN and ’C/'2C in animal tissue
(Hobson et al., 1993; Oelbermann and Scheu,
2002). These effects are minimized because
shrews are congeners of similar size and ther-
moregulatory physiology. And although speci-
mens in this study were potentially nutrition-
ally stressed during capture, bulk hair samples
reflect the isotopic composition of the diet
during growth, not the last hours of the ani-
mal. Nevertheless, because invertebrate prey
are subject to these same influences, some of
the isotopic variation observed in the shrews
might result from affinities among certain spe-
cies or individuals for different developmental
stages of the same invertebrate prey.

The wide range (4%o) in 8'°N for S. monti-
colus and S. vagrans at Warner Lake and Timpie
Springs, respectively, could imply that animals
were feeding at different trophic levels, be-
cause N becomes enriched by 3 to 4%o per
trophic level (Minigawa and Wada, 1984;
Schoeninger and DeNiro, 1984). However, be-
cause dietary overlap in syntopic soricids often
is high (Pernetta, 1976; Whitaker and Maser,
1976; Churchfield, 1984; Whitaker and French,
1984), it might be more likely the result of dif-
ferences in the proportions of certain prey
(e.g., predatory versus herbivorous arthro-
pods) that animals were consuming. A gener-
alized diet might help to explain the wide-
spread and abundant distribution of S. monti-
colus (George, 1999).

At Warner Lake the non-overlapping ranges
in 35N and 3!3C of S. monticolus, S. nanus, and
S. palustris suggest ecological separation among
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these species. For S. nanus, the enrichment in
15N was perhaps the result of a diet composed
primarily of predatory arthropods, such as spi-
ders, a specialization that might result from a
microhabitat affinity for rocky areas. It has
been suggested that the flattened cranium and
small size of S. nanus are adaptations for ex-
ploiting small prey, such as spiders, insect lar-
vae, and adult small insects often abundant in
rocky habitats (Hoffmann, 1999). Sorex palustris
has morphological adaptations for a semi-
aquatic lifestyle (Harris, 1999), which could
provide a variety of prey unavailable to terres-
trial congeners. The depleted 8!3C signature
for this species at both Warner Lake and Dark
Canyon localities indicated that C; plants form
the trophic base for invertebrate prey. The 2
most similarly sized shrews from Warner Lake,
S. monticolus and S. cinereus, expressed isotopic
values indistinguishable from each other and
consequently might have significant dietary
overlap.

At Timpie Springs, shrews were captured
over 11 mo, providing a time dimension not
available for the other 2 localities. Of the 5
specimens collected on 6 March 2002, the 2 S.
preblei were depleted in both N and '*C com-
pared to the 3 S. vagrans specimens. This gen-
eral pattern held true with the addition of 25
S. vagrans specimens collected over the 11-mo
period. Because the 5 specimens from March
form the perimeter of isotope values for all 30
specimens from this assemblage, the data sug-
gest that these March values are a reliable es-
timate of the isotopic variance in this assem-
blage.

We analyzed shrews that were collected syn-
chronously to control for temporal variation in
diet that could result from seasonal changes in
prey availability. In a live-trapping study by
Churchfield (1984), there were no significant
differences in the diversity of prey recorded in
fecal samples between summer and winter, but
there were differences in the proportions of
prey. Sampling in our study coincided with
abundant prey seasons, and theory suggests
(Schoener, 1974b) that predators should be
maximally specialized during abundant sea-
sons. Although sample sizes in this study were
small, due to the practical constraints of syn-
chronous collection and the general difficulty
of capturing small soricids (Kirkland, 1991;
Kirkland and Sheppard, 1994), dietary sepa-
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ration between species was evident in all 3 as-
semblages and the strength of this trend was
commensurate with sample size.

As a direction for future stable isotope re-
search into the ecological separation of co-oc-
curring soricids, we recommend sampling dur-
ing seasons of peak and truncated prey abun-
dances to examine how fluctuating resources
might influence dietary separation. If the ma-
jor prey taken by different shrew species is in
proportion to their local abundances, dietary
overlap and, hence, isotopic overlap should in-
crease during lean seasons. We further suggest
comparisons of conspecifics from species as-
semblages of variable size. If competition influ-
ences dietary breadth, the breadth of isotopic
range exhibited by a particular species might
vary as an inverse function of the number of
species in the assemblage.
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APPENDIX I—Specimens Examined—The following 64
specimens examined for stable isotope signatures
are housed at the Field Museum (FMNH) and the
Utah Museum of Natural History (UMNH).

Sorex cinereus (n = 3): Utah, Grand County, La Sal
Mountains, 0.7 km N, 0.4 km W Warner Lake,
38°31'30"N, 109°16'40"W, 2,850 m elevation (FMNH
162898; UMNH 29935, 29936).

Sorex monticolus (n = 23): Utah, Grand County, La
Sal Mountains, 0.7 km N, 0.4 km W Warner Lake,
38°31'30"N, 109°16'40"W, 2,850 m elevation (FMNH
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162899-162905; UMNH 29948-29951, 29953, 29956,
29957, 29959-29962); San Juan County, La Sal
Mountains, head of Dark Canyon, N base of Mount
Peale, 38°27'N, 109°13’15"W, 3,200 m elevation
(UMNH 29809, 29815-29818).

Sorex nanus (n = 4): Utah, Grand County, La Sal
Mountains, 0.7 km N, 0.4 km W Warner Lake,
38°31'30"N, 109°16"40"W, 2,850 m elevation (FMNH
162958, 162959); San Juan County, La Sal Moun-
tains, head of Dark Canyon, N base of Mount Peale,
38°27'N, 109°13'15"W, 3,200 m elevation (UMNH
29808, 29810).
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Sorex palustris (n = 4): Utah, Grand County, La Sal
Mountains, 0.7 km N, 0.4 km W Warner Lake,
38°31'30"N, 109°16'40"W, 2,850 m elevation (UMNH
29999, 30007, 30009); San Juan County, La Sal
Mountains, head of Dark Canyon, N base of Mount
Peale, 38°27'N, 109°13'15"W, 3,200 m elevation
(UMNH 29819).

Sorex preblei (n = 2): Utah, Tooele County, Timpie
Springs Waterfowl Management Area, 40°45'N,
112°38'W, 1,285 m elevation (UMNH 30396, 30397).

Sorex vagrans (n = 28): Utah, Tooele County, Tim-
pie Springs Waterfowl Management Area, 40°45'N,
112°38'W, 1,285 m elevation (UMNH 30400-30427).



