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ABSTRACT: The microparasite component communities of 2 species of shrews, Notiosorex crawfordi and Sorex ornatus, were
investigated for the first time in 2 isolated and 3 continuous landscapes in southern California. With microscopical examination,
a total of 6 parasite species was found in N. crawfordi and 8 species in S. ornatus. The highest number (5) of parasite species
was detected in the lungs. The corrected estimate of parasite species richness did not significantly correlate with the host
abundance in either shrew species. Altitude, and also latitude in N. crawfordi, appeared to be significantly positively associated
with the parasite species richness, but this could be due to a false association because of the rare occurrence of some of the
parasites or the small altitude range (or both). No other landscape variable analyzed (location, size of the study site, disturbance)
was significantly associated with the parasite species richness of the shrews. The parasite assemblages of the 2 shrew species
were similar despite the fact that N. crawfordi has a lower metabolic rate than S. ornatus.

The fragmentation of native habitats around the world un-
derlines the importance of ecological studies aimed at explain-
ing spatial distribution of life-forms. Parasite studies in frag-
mented habitats are particularly important because, compared
with free-living animals, parasite populations are remarkably
spatial in their distribution (Kuris et al., 1980), and parasites
may threaten the biodiversity in shrinking ecosystems (Holmes,
1996). The distribution and abundance of parasites is affected
not only by their own biological requirements but also by the
abundance (which is related to body size) and geographic dis-
tribution of their host and vector species (Simberloff and
Moore, 1997), as well as by increasing habitat disturbance and
contact with humans (Nasher, 1988; Ashford et al., 1990; Ol-
lomo et al., 1997; Daszak et al., 2000; Remis, 2000). Several
studies on intestinal worms, ectoparasites, and various micro-
parasites have suggested that the parasite richness correlates
with landscape or habitat characteristics (Kirner et al., 1958;
Roberts et al., 1992; Mills et al., 1997; Poulin, 1997; Apanius
et al., 2000; Behnke et al., 2001; Soliman et al., 2001). Al-
though several studies have documented the parasite assem-
blages of island populations of animals (Dobson and Pacala,
1992; Hanley et al., 1998; Apanius et al., 2000; Fromont et al.,
2001), the effects of habitat fragmentation on these have been
little studied in any parasite group (Kozakiewicz, 1991; Stuart
et al., 1993; Lutz and Kierdorf, 1997).

In the present study, we investigated the microparasite com-
ponent communities of 2 species of shrews, Notiosorex craw-
fordi and Sorex ornatus, in fragmented and continuous land-
scapes in southern California. Despite their many physiological
adaptations against desiccation (Lindstedt, 1980; Laakkonen,
2002), low abundance characterizes southern California shrew
populations in all seasons and habitats (Laakkonen et al.,
2001a). Soricinae shrews are particularly interesting for parasite
richness studies because of their short longevity and high basal
metabolism rate, which have been shown to correlate with par-
asite species richness (Morand and Harvey, 2000). Because par-
asite prevalence is often lowest at high altitudes and climatic
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extremes (low temperature, low moisture; Mills et al., 1997),
prevalence of most shrew parasites was predicted to be low in
the arid habitats investigated in the present study.

Using microscopic endoparasite data from 5 sites, we ana-
lyzed the effects of host characteristics (species, sex, age, and
host abundance) and landscape variables (location, disturbance,
and the size of the habitat fragment) on the distribution and
prevalence of parasites found in the major internal organs,
blood, and feces of the 2 shrew species. Because of the differ-
ences in the life cycles and the mode of transmission of para-
sites, their distribution and abundance is predicted to vary de-
pending on the host abundance and the location, size, altitude,
and disturbance of the study sites (Kozakiewicz, 1991; Sim-
berloff and Moore, 1997).

MATERIALS AND METHODS

The shrews were caught by pitfall trapping (for details of the trapping
methods, see Laakkonen et al., 2001a) at 5 study sites (Table I) in San
Diego and Riverside counties (California) from 1998 to 2000. For the
density estimates used in the trapping had started already in 1996, see
below. The boundaries of the mainly coastal study sites (Pt. Loma and
Torrey Pines), representing isolated habitat fragments, are delineated by
urban development. The 3 inland sites are characterized by more con-
tinuous and relatively undisturbed habitat. The climate of the region is
characterized by long, dry summers and limited winter rainfall (an av-
erage of 250 mm/yr along the coast; National Weather Service).

The area of undeveloped landscape around the site (Table I) was
determined by drawing a polygon around the trap arrays of a site, using
the program Topo USA (DeLorme, Yarmouth, Maine), that extends to
any man-made borders or barriers fragmenting the habitat landscape.
The perimeter of this polygon was divided into 500-m segments, and
each of these was then scored as intact (score 0), disturbed (score 1),
or urban (score 3) habitat. These scores were then averaged to determine
a weighted edge index for each site (for details, see Laakkonen et al.,
2001a).

Only shrews caught between January and May were included in the
present study because the majority of shrews were caught at this time
of year, when all age groups are present in the population (Laakkonen
et al., 2001a). The trap-success rate shows the number of individuals
caught per 100 trap-nights (a trap-night equals 1 pitfall left open for 24
hr). It is used as a surrogate for the abundance of shrews. The shrew
abundance estimates were based on 5-yr averages (1996–2000) to re-
duce the effect of trapping error in low-density populations (Laakkonen
et al., 2001a). For the abundance estimates, shrews were trapped
throughout the year every 6 wk.

The shrews examined for this study were found dead in traps. On
necropsy, the species and sex of the animal were recorded, and shrews
were classified as mature and immature according to the tooth wear and
condition of the pelage (Crowcroft, 1957). Of a total of 155 individuals
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TABLE I. The location and geographic variables of the study sites. The edge index was calculated by estimating the size of intact habitat in each
site (see text for details). The trap–success rate shows the number of individuals caught per 100 trap-nights (a trap-night equals 1 pitfall left open
for 24 hr) during 1996–2000 (see text).

Site Coordinates

Area of the
landscape

(km2)
Mean

altitude (m)
Edge
index

Trap-success rate

Notiosorex
crawfordi

Sorex
ornatus

Wild Animal Park, inland; coastal sage scrub, grassland
Camp Pendleton, coastal; chamise chaparral, sage scrub
U. C. Elliott Reserve, inland; chamise chaparral, sage scrub
Pt. Loma Reserve, coastal; maritime succulent, sage scrub
Torrey Pines State Park, coastal; coastal sage scrub

117.01, 33.09
117.50, 33.34
117.11, 32.89
117.23, 32.67
117.24, 32.92

397
.100*

120
5.5
1.5

200
320
190

55
59

0.75
0.5*
0.92
0.38
0.38

1.00
0.57
0.20
0.86
0.11

0.43
0.28
0.06
0.00
0.86

* Estimated values. Sample locations were spread throughout the habitat on site that includes a matrix of development impacts.

of N. crawfordi captured, 88 were males (25 mature, 63 immature) and
67 were females (25 mature, 42 immature). The 117 individuals of S.
ornatus caught consisted of 85 males (44 mature, 41 immature) and 32
females (15 mature, 17 immature). Ectoparasites were preserved in 70%
ethanol for later identification. A drop of blood was obtained from the
heart for preparation of a thin blood smear, which was air-dried, fixed
in methanol, and stained with Giemsa stain. Each smear was examined
for 10 min at 31,000. Pieces of lung, heart, liver, spleen, and kidney
were fixed in 10% buffered formalin to produce standard histological
sections, which were stained with hematoxylin–eosin, Giemsa stain, and
Grocott’s modification of Gomori methenamine silver. The slides were
examined by a light microscope at 3400. Some of these slides had been
used in previous studies on lung parasite (Laakkonen et al., 2001b,
2001c). Fecal samples (0.01 g) from the rectums were stored in 2.5%
aqueous potassium dichromate (K2Cr2O7) for analysis of Eimeria spp.
parasites. After allowing the oocysts to sporulate at room temperature,
the suspension was centrifuged for 3 min at 250 g and resuspended in
a saturated magnesium sulfate (MgSO4) flotation solution, and the sam-
ple was examined for oocysts by using a McMaster counting chamber.
Because of the small amount of feces available from each host, no other
technique was used to look for other intestinal protozoan parasites (e.g.,
Cryptosporidium). Because of the frequent fast deterioration of gastro-
intestinal worms after the death of the host shrew, intestinal worms were
not examined. For the purpose of the present study, morphologically
identical parasites were considered as 1 species. Because species within
some parasite groups, e.g., Bartonella sp., are morphologically indistin-
guishable from each other, the actual number of parasite species could
be higher.

We used logistic regression to analyze the effect of site, host species,
sex, or age of the host species on the probability for the host being
infected with a parasite species. Because parasite species richness has
been shown to correlate with the number of individuals examined in
many parasite groups (Poulin, 1995; Walther et al., 1995; Feliu et al.,
1997) and because some of our sample sizes were small, we controlled
this variable by using the residuals of a regression of species richness
on host sample size as corrected estimates of species richness. We an-
alyzed the correlations among parasite species richness, the landscape
variables (Table I), and the abundance of shrews (sex and age groups
pooled) with the Spearman rank correlation test, using site as a sample
unit. Statistixt (Analytical Software, Tallahassee, Florida) for Windows,
a statistical software package, was used in all the analyses.

RESULTS

All animals were normal on gross pathologic examination.
We did not attempt to quantify the intensity of the infections,
but in all infected animals, the number of organisms was low.
A total of 6 parasite species were observed in 155 individuals
of N. crawfordi and 8 parasite species were observed in 177
individuals of S. ornatus (Tables II, III). Some of the parasite
species found are described in detail elsewhere (Laakkonen et
al., 2001b).

The highest number (5) of parasite species was detected in

the lungs (Table II). Pneumocystis sp. was found at all study
sites and in both species. Of the other fungi, 1 adiaspore of
Chrysosporium parvum was found in an immature male S. or-
natus, and yeastlike cells of Histoplasma capsulatum var. cap-
sulatum were seen in bronchial areas of the lungs of 1 immature
male S. ornatus from Camp Pendleton. Pieces of the pulmonary
nematode, Angiostrongylus sp. (Stefanskostrongylus; Drozdz,
1970) (Metastrongyloidea; see Lankester and Anderson, 1966;
Ash, 1967), were found in the bronchioles of 1 mature male S.
ornatus from Torrey Pines and from 1 mature male N. craw-
fordi from Wild Animal Park. Meronts of Hepatozoon sp. were
found in the lungs of N. crawfordi at all sites and from S.
ornatus in 2 of the 4 sites where this host species occurs. In 2
cases, meronts were also found in the liver of an infected shrew.

The intestinal coccidia, Eimeria palustris (Hertel and Du-
szynski, 1987), were found in at least 1 of the shrew species at
all sites (Table III). Another coccidium, Sarcocystis sp., was
detected in the cardiac muscle of 1 mature male N. crawfordi
from Wild Animal Park and from 1 mature female S. ornatus
from Camp Pendleton (Table III). The only parasite forms
found in the blood were the rod-shaped bacteria resembling
Bartonella spp. from erythrocytes of shrews at 3 of the study
sites (Table III).

Of the ectoparasites, fleas, Malaraeus telchius, were detected
on 2 individuals of N. crawfordi, and Orchopeus leucopus was
detected on 1 individual of N. crawfordi from Pt. Loma. Ixodes
soricis were found on 5 individuals of S. ornatus from Torrey
Pines. Because only a few individual ectoparasites were found,
they were excluded from the following analyses.

Because of the consistently low abundance of shrews in our
study sites, the sample sizes were too small for seasonal and
annual comparisons, and the data were pooled for all analyses.
The corrected estimate of species richness did not correlate sig-
nificantly with the host abundance in N. crawfordi (rs 5 0.00)
or in S. ornatus (rs 5 20.40). In N. crawfordi, altitude (rs 5
1.00) and latitude (rs 5 1.00) were significantly (P , 0.05)
associated with parasite species richness. Altitude correlated
significantly (P , 0.05) with the species richness in S. ornatus
(rs 5 1.00). None of the other landscape variables was signifi-
cantly associated with the parasite species richness (not shown).
The 2 most common parasites (Pneumocystis sp. and E. pal-
ustris) were found in all sites, including the small, isolated sites
(Pt. Loma and Torrey Pines).

Logistic regression showed that host species (P 5 0.003) and
site (P 5 0.009) were the variables that best explained the prob-
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TABLE II. Microparasites in the lungs of Notiosorex crawfordi and Sorex ornatus at 5 study sites in southern California.

Host species*

Lung

Pneumocystis
sp.

Chrysosporium
parvum

Histoplasma
capsulatum Angiostrongylus sp. Hepatozoon sp.

Camp Pendleton

N. crawfordi (N 5 30)
S. ornatus (N 5 32)

6 (20)
1 (3)

0 (—)
1 (3)

0 (—)
1 (3)

0 (—)
0 (—)

1† (3)
1 (3)

U. C. Elliott Reserve

N. crawfordi (N 5 23)
S. ornatus (N 5 8)

2 (9)
4 (50)

0 (—)
0 (—)

0 (—)
0 (—)

0 (—)
0 (—)

1 (4)
0 (—)

Pt. Loma Reserve

N. crawfordi (N 5 54) 12 (22) 0 (—) 0 (—) 0 (—) 1 (2)

Torrey Pines State Park‡

S. ornatus (N 5 63) 5 (8) 0 (—) 0 (—) 1 (1.5) 0 (—)

Wild Animal Park

N. crawfordi (N 5 48)
S. ornatus (N 5 14)

19 (40)
1 (7)

0 (—)
0 (—)

0 (—)
0 (—)

1 (2)
0 (—)

1 (2)
1† (7)

* N 5 number of shrews examined. The numbers indicate the number of positive individuals found (and their percentages).
† Microparasites found in liver.
‡ The few N. crawfordi captured at Torrey Pines were alive and were not examined for parasites.

TABLE III. Microparasites in the intestines, blood, and heart of Notiosorex crawfordi and Sorex ornatus at 5 study sites in southern California.

Host species*
Eimeria palustris

(intestine)
Sarcocystis sp.

(heart)
Bartonella sp.

(blood)

Camp Pendleton

N. crawfordi (N 5 30)
S. ornatus (N 5 32)

2 (6.7)
1 (3)

0 (—)
1 (3)

1 (3)
1 (3)

U. C. Elliott Reserve

N. crawfordi (N 5 23)
S. ornatus (N 5 8)

0 (—)
1 (12)

0 (—)
0 (—)

0 (—)
0 (—)

Pt. Loma Reserve

N. crawfordi (N 5 54) 5 (9) 0 (—) 1 (2)

Torrey Pines State Park†

S. ornatus (N 5 63) 1 (1.6) 0 (—) 0 (—)

Wild Animal Park

N. crawfordi (N 5 48)
S. ornatus (N 5 14)

6 (13)
6 (43)

1 (2)
0 (—)

1 (2)
1 (7)

* N 5 number of shrews examined. The numbers indicate the number of positive individuals found (and their percentage).
† The few N. crawfordi captured at Torrey Pines were alive and were not examined for parasites.

ability of being infected with Pneumocystis sp. Infection was
more prevalent in N. crawfordi than in S. ornatus, and the high-
est prevalence were found at sites with high abundance of N.
crawfordi. The effect of site was significant (P 5 0.039) in
explaining the occurrence of E. palustris. Site, species, sex, or
age of the host did not significantly explain the occurrence of
any of the other parasites detected (P . 0.21 for all variables).

DISCUSSION

The disturbance or size of the habitat was not significantly
associated with the occurrence of parasites in southern Califor-
nia shrews. Because most of the parasites examined in the pre-

sent study are not directly transmitted and they showed no de-
pendence on host abundance (see below), the edge effect could
not disrupt the transmission of parasites even in isolated, dis-
turbed fragments. Previous island studies indicate that there is
no simple relationship between area and numbers of parasite
species (Dobson and Pacala, 1992; Apanius et al., 2000). In-
sular host populations generally have low parasite species rich-
ness due to losses during the colonization process rather than
to any consequence of the island habitat (Fromont et al., 2001).
Because the relictual shrew populations in Pt. Loma and Torrey
Pines were isolated owing to recent habitat fragmentation, it
can be expected that relatively few parasite species have been
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lost. The apparent correlation between parasite richness and al-
titude (and in N. crawfordi also the latitude) may reflect the
habitat requirements of some of the parasites (fungi) or may be
a false association due to the rare occurrence of many of the
parasites detected or the small altitude range (or both). Larger
data sets are needed to disentangle the effect of these factors.

Because of the small number of suitable sites available for
this study, we could not use multivariate methods (Poulin and
Morand, 1999) that allow for controlling the effect of geograph-
ical distance on the composition of parasite communities. How-
ever, because the landscape and climatic characteristics of our
study sites vary most dramatically from the coast toward the
inland, the effect of distance on the parasite assemblages of
shrews is likely to be not only a matter of distance but also the
direction of that distance. Of other factors possibly affecting
the observed parasite assemblage of shrews, year and season
often play a significant role in the occurrence of parasites (Bajer
et al., 2001). Despite intensive trapping (Laakkonen et al.,
2001a), the number of shrews was too low for annual and sea-
sonal comparisons.

In contrast to many previous studies (Watve and Sukumar,
1995; Morand and Poulin, 1998; Morand and Harvey, 2000),
parasite richness was not associated with host abundance in
either shrew species. Because a perfect zero sample correlation
is unusual, even in situations where there is no relation, the
lack of correlation may be attributed to the method used and is
not an indicator of correlation. The association between host
abundance and parasite richness may also be obscured by the
broad range of microparasites (with different modes of trans-
mission) included in the present study. When analyzed sepa-
rately, the prevalence of at least 1 of the fungi (Pneumocystis
sp.) was associated positively with host abundance (Laakkonen
et al., 2001c). In contrast, many fungi are facultative parasites
with environmental forms capable of widespread transmission
in the absence of direct contact with the host.

Comparative analyses between isolated populations of di-
rectly transmitted parasites with broad host specificity (Arne-
berg et al., 1998; Moro et al., 1999; Apanius et al., 2000; Fro-
mont et al., 2001) are likely to produce more significant differ-
ences between sites, depending on the host densities and site
characteristics, because many such parasites (especially viruses)
may not survive in low-density populations.

At Pt. Loma, where only N. crawfordi occurs, the prevalence
of its most common parasites was similar to those found in sites
where both shrew species are present. The 2 parasite species
(Angiostrongylus sp., Sarcocystis sp.) missing from Pt. Loma
were also absent from some of the other sites. Sarcocystis spp.
are rare in shrews in general (Grikieniené and Mažeikyte,
2000), possibly because shrews are not the preferred prey of
most predators (Korpimäki and Norrdahl, 1989).

The fungal parasite fauna of S. ornatus appeared to be more
diverse than that of N. crawfordi, but the limited data available
from Sorex species indicate that these fungi are rare and random
in shrews (Dvořák et al., 1966; Doby et al., 1971; Zlatanov and
Genov, 1975; Laakkonen et al., 1997). The interspecific differ-
ence in the occurrence of Pneumocystis sp., on the other hand,
is well documented (Laakkonen, 1998; Laakkonen et al.,
2001b). Although the life cycle of this fungus is not completely
understood, its prevalence in wild hosts appears to be correlated

with host density (Laakkonen et al., 1999, 2001c; this study)
but not with the habitat characteristics of the site (see above).

The reason for the significant effect of the site on the occur-
rence of E. palustris is not known. Of the 2 shrew species, only
8% had eimerian oocysts in their feces. This is low compared
with the prevalence of E. palustris found in several other spe-
cies of Sorex (Hertel and Duszynski, 1987) and may be due to
the limited survival of eimeria oocysts in an arid environment.

Of the hemoparasites, only bacteria similar to Bartonella spp.
(molecular studies are needed to confirm the identification)
were found in erythrocytes, and meront forms of Hepatozoon
sp. were detected in the lung and liver tissues. Trypanosomes,
which have been reported from 1 individual of S. ornatus from
Alameda County, California (Davis, 1952), were not found in
either shrew species in the present study. Sympatric rodents had
more blood parasite species than the shrews in our study sites,
but of the possible vectors of blood parasites, 2 species of fleas,
Malaraeus telchius and Orchopeus leucopus, were found both
in shrews and in rodents (data not shown). It should be noted
that the low ectoparasite numbers were probably not due to lack
of ectoparasite abundance in shrews but to the fact that collec-
tions were conducted on dead hosts. Ectoparasites often leave
the host shortly postmortem, once the core body temperature
drops to ambient levels.

The present study constitutes the first comprehensive exam-
ination of southern California shrews for microparasites. As
predicted, the prevalence of most parasites was low in both
shrew species at our sites, which represent extreme habitats for
Soricinae shrews. However, the diversity of the parasite assem-
blages was similar to those of Soricinae from more mesic en-
vironments (Laakkonen et al., 1997; Laakkonen, 2000). Inter-
estingly, the parasite assemblages of the 2 shrew species were
similar despite the fact that N. crawfordi has a lower metabolic
rate than S. ornatus (Lindstedt, 1980). There is little previous
information on the parasite fauna of S. ornatus (Henry, 1932;
Holdenried et al., 1951; Davis, 1952; Hertel and Duszynski,
1987; Duszynski and Upton, 2000) or on that of N. crawfordi
anywhere in its large distribution area (Fisher, 1941).
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