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Spatial analysis on the relative medullary thickness (RMT) of sympatric shrews 
Notiosorex crawfordi and Sorex ornatus from different habitats in southern California 
showed no signifi cant intraspecifi c differences between habitats but RMTs of N. 
crawfordi were signifi cantly higher than those of S. ornatus. Interspecifi c comparison 
of RMTs of Sorex shrews from Alaska did not differ signifi cantly from each other 
but they were signifi cantly lower than those of both shrew species from southern 
California. RMTs of another group of insectivorous mammals, the Microgale shrew 
tenrecs from Madagascar, did not differ signifi cantly between species, or from those 
of shrews from mesic habitats. The interspecifi c comparisons showed that RMT is an 
informative way to estimate the ability of an insectivorous species to occur in arid 
habitats, and to compare the RMTs of closely related sympatric mammals. 

Introduction

A close correlation has been detected between 
renal medullary thickness (RMT) and ability to 
concentrate electrolytes in the urine in mammals 
(Schmidt-Nielsen & O’Dell 1961, Ross et al. 
1995; see however Tisher et al. 1972, Brown-
fi eld & Wunder 1976, Munkácsi & Palkovits 

1977). The medullary thickness and therefore 
the length of the loop of Henle, increases with 
body mass but the RMT declines with body size 
(Beuchat 1990). Regardless of body size, RMT is 
usually greater in desert mammals than in those 
inhabiting mesic environments (Schmidt-Nielsen 
& O’Dell 1961, Beuchat 1990). Because arid 
environments place their most severe demands 
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on the water economy of the smallest mammals 
(Schmidt-Nielsen & O’Dell 1961), RMTs can be 
predicted most clearly to refl ect the availability 
of moisture in the habitat in small mammal 
species, such as Sorex shrews. 

Insectivorous Sorex shrews are widely dis-
tributed and abundant in many parts of the 
Northern Hemisphere where shrew communities 
usually consist of morphologically similar spe-
cies differing mainly in size. Several species, 
including some of the smallest ones, inhabit 
the arctic areas including Alaska and Siberia 
(Wolsan & Hutterer 1998). In contrast, only a 
few species occur in hot, arid areas (Wolsan & 
Hutterer 1998). 

Owing to their high surface-to-mass ratios 
and high metabolism (Taylor 1998), Sorex shrews 
are poorly adapted to arid environments. The 
RMTs of Sorex araneus (Linnaeus 1758) and 
Sorex minutus (Linnaeus 1766) from mesic hab-
itats in northern Europe are signifi cantly lower 
(RMT = 5.7 and RMT = 4.9; Sperber 1944) than 
that (RMT = 8.6; Lindstedt 1980) of the closely 
related gray (desert) shrew, Notiosorex craw-
fordi (Coues 1877) inhabiting hot, arid environ-
ments in southwestern United States and north-
ern Mexico. The RMTs of Sorex species from 
arid habitats have not been investigated. 

Our previous study showed that S. ornatus 
(Merriam 1895) is not as widely distributed or 
abundant in southern California as is the N. 
crawfordi (Laakkonen et al. 2001). Since no 
apparent interspecifi c competition was found, 
and S. ornatus was shown to avoid hot tem-
peratures (Laakkonen et al. 2001), interspecifi c 
differences in physiological adaptations to arid 
environments (see above, also Taylor 1998) were 
predicted to be reason for the ecological differ-
ences between these shrew species. 

To test whether the urine concentration capa-
bility of S. ornatus is as low as in other Sorex 
shrews, I compared the RMTs of the ornate 
shrew, Sorex ornatus, to those of the sympatric 
N. crawfordi in southern California, and to those 
of Sorex shrews from Alaska. I predicted the 
RMTs of S. ornatus to be higher than those 
of Sorex from more mesic areas. Furthermore, 
I compared the RMT of Sorex ornatus and N. 
crawfordi in several sites consisting of different 
types of habitats in southern California to gain 

insights into the spatial differences in RMTs 
of the two shrew species in the fragmented 
landscape of coastal southern California. My 
aim was to investigate whether any correlation 
exists between the RMT and habitat on a spatial 
scale in closely related sympatric species. 

Finally, I compared RMTs of shrews to those 
of several species of shrew tenrecs of the genus 
Microgale. These members of the family Tenre-
cidae are endemic to Madagascar, and only dis-
tantly related to shrews (Stanhope et al. 1998). 
The metabolic rate of tenrecs is lower than 
that of Sorex shrews (McNab 1983, see also 
Stephenson & Racey 1993). Tenrecs represent 
a speciose group (about 28 species) of insec-
tivorous mammals, which similarly to shrews, 
show a remarkable degree of morphological 
diversifi cation in body size (Goodman et al. 
1996). Several species are larger than Sorex 
shrews (Goodman et al. 1996) but they resemble 
shrews in general appearance. The ecology of 
tenrecs is poorly known but many species are 
threatened by habitat destruction (Goodman & 
Rakotondravony 2000). Since previous studies 
(see above) have shown that availability of 
water in the environment is more important in 
determining the RMT of a species than body 
size or taxonomy, I predicted the RMTs of shrew 
tenrecs to be similar to those of shrews from 
mesic environments. The comparison of mor-
phologically similar but only distantly related 
species will provide insights to the effect of 
phylogeny on the RMT in insectivorous mam-
mals.

Material and methods

Study sites of shrews and tenrecs 

The N. crawfordi and S. ornatus material (Table 1) 
was collected with pitfalls at four study sites in 
the San Diego and Riverside counties in south-
ern California during February and March in 
1998 and 1999. The Wild Animal Park (33.09°N, 
117.01°W) study site is within a large inland 
landscape (397 km2) area of coastal sage scrub 
and grassland habitats. Both shrew species are 
relatively common in the area. The St. Mar-
garita Reserve (33.46°N, 117.16°W) is a rela-
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tively large inland site (42 km2) of coastal sage 
scrub and oak woodland habitats. Both shrew 
species are common at this site. The Point Loma 
Reserve (32.67°N, 117.23°W) is a small coastal 
site (5.5 km2) of maritime succulent scrub and 
coastal sage scrub habitats. Only one of the 
shrew species, the N. crawfordi, occurs at this 
site. The Torrey Pines State Park (32.92°N, 
117.24°W) is a small coastal site (1.5 km2) 
where S. ornatus is much more abundant than N. 
crawfordi. Coastal sage scrub, thick chaparral 
and Torrey Pine forests are the main habitat 
types. All study sites are within 80 kilometers 
of each other (for details of the study sites 
see Laakkonen et al. 2001). The N. crawfordi 
examined in this study belong to the Notiosorex 
crawfordi crawfordi (Carraway & Timm 2000, 
and the Sorex ornatus to the Sorex ornatus 
ornatus (Maldonaldo et al. 2001).

The masked shrews, Sorex cinereus (Kerr 
1792) and pygmy shrews, Sorex hoyi (Baird 
1857) were captured with pitfalls at Tanana Valley 
near Fairbanks, Alaska (64°42´N, 148°16´W, 
altitude 130 m) along a coniferous forest edge 
bordering a bog in August 2000 (Table 2). The 
tundra shrews, Sorex tundrensis (Merriam 1900) 
and montane shrews, Sorex monticolus (Mer-
riam 1890) were caught with pitfalls around 
the Toolik lake (68°38´N, 149°36´W, altitude 
720 m) in the arctic tundra of Alaska in August 
2000 (Table 2). 

Because of the seasonal mass recession (the 
Dehnel effect) of soricine shrews documented 
also from a site without severe winters (Hays & 
Lidicker 2000), all shrew material consisted of 
immature animals caught during months when 
immature shrews were abundant in that particu-
lar area. 

Microgale dobsoni (Thomas 1884), M. long-
icaudata (Thomas 1882), M. parvula (G. Gran-
didier 1934), and M. soricoides (Jenkins 1993) 
were caught with pitfalls in Madagascar (Table 
2) during October and November in 1999, at the 
commencement of the rainy season. The kidney 
material came from several sites where animals 
could be obtained from ongoing taxonomical, 
ecological and parasitological studies. The sites 
were Forêt de Betaolana (14°36.6´S, 49°25.5´E; 
altitude 1200 m; Province d’Antsiranana), Forêt 
de Manambolo (22°9.8´S, 47°2.5´ E; altitude 
1600 m; Province de Fianarantsoa), Forêt de 
Ravaro (22°12.7´S, 46°50.7´E; altitude 1500 m; 
Province de Fianarantsoa), and western slopes 
of the Anjanaharibe-Sud Massif (14°47´S, 
49°26.5´E; altitude 1200 m; Province de 
Mahajanga). 

All shrews examined in this study were 
found dead in traps. Most shrew tenrecs were 
sacrifi ced. Animals were taken to the laboratory 
(or fi eld laboratory) for measurements and dis-
section. All animals examined were normal on 
gross pathologic examination with no signifi -

Table 1. Body mass, kidney size and relative medullary thickness (RMT) of shrews Notiosorex crawfordi and 
Sorex ornatus from four study sites in southern California. 
——————————————————————————————————————————————————————————————————
Site N Body mass (g) Kidney size (mm3) RMT

  Mean SD Mean SD Mean SD Max Min
——————————————————————————————————————————————————————————————————
Notiosorex crawfordi
Wild Animal Park 5 3.4 0.89 44.50 9.72 8.33 0.58 9.27 7.84
St. Margarita Reserve 6 3.3 0.29 40.67 7.43 8.02 0.13 8.20 7.81
Point Loma Reserve 4 3.0 0.40 43.47 8.18 7.96 0.14 8.04 7.74
Torrey Pines State Park 2 3.3 0.14 42.01 6.12 8.13 0.27 8.33 7.94

Sorex ornatus
Wild Animal Park 5 4.86 0.88 42.83 9.14 6.46 0.31 6.80 6.13
St. Margarita Reserve 4 4.58 0.82 37.50 10.6 6.02 0.31 6.30 5.61
Torrey Pines State Park 4 4.50 0.91 37.69 16.9 6.07 0.35 6.50 5.75
——————————————————————————————————————————————————————————————————
Only N. crawfordi occurs in Point Loma. Torrey Pines (altitude 11–71 meters above sea level) and Point 
Loma (22–113 m) are coastal sites. Wild Animal Park (141–255 m) and St. Margarita (243–265m) are 
inland sites.
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cant decomposition of tissue other than the 
intestines.

Kidney measurements and comparative 
analyses

The weight of the animals was determined with 
spring scales (Pesola). The right kidney of each 
animal was removed, cleaned of surrounding 
fat, fi xed and preserved in 90% ethanol. The 
size of the preserved kidneys was determined by 
measuring the length, width and depth with ruler 
(± 0.5 mm). Preserved kidneys were blotted dry, 
mid-sagitally halved with a razor blade, bisect-
ing the papilla. The medullary thickness was 
measured as the longest straight-line distance 
from the cortico-medullary boundary to the area 
cribrosa (± 0.01 mm) using a dissecting micro-
scope with an ocular micrometer. The morphol-
ogy of the kidneys was similar in all species (see 
Sperber 1944). The relative medullary thickness 
(RMT) was calculated as defi ned by Sperber 
(1944):

 RMT = 10(medullary thickness)/kidney size1/3.

Kruskal-Wallis one-way nonparametric analysis 
of variance test (Statistix‚ Analytical Software, 
Tallahassee, FL, USA) was used to compare 

the RMTs of different species, and RMTs of 
individuals of the same species from different 
sites.

Results

No intraspecifi c differences in RMT were found 
in shrews from different sites in southern Cali-
fornia (Table 1, P = 0.16 for S. ornatus and 
P= 0.91 for N. crawfordi). In the pooled data 
from all sites, the RMT of S. ornatus was 
signifi cantly lower than that of N. crawfordi 
(P < 0.001), and comparison of mean ranks 
showed that all two means were signifi cantly 
different from another. The RMTs of shrews 
from Alaska did not signifi cantly differ from 
each other (Table 2, P = 0.75), nor did the RMTs 
of tenrecs in comparison between tenrec species 
(Table 2, P = 0.37). Comparison of all species 
of this study showed signifi cant differences in 
the RMT between species (P < 0.001). The 
comparison of mean ranks demonstrated that N. 
crawfordi differed signifi cantly from all other 
species, and S. ornatus differed signifi cantly 
from all shrews from Alaska and from M. par-
vula.

In shrews, the RMT did not correlate with 
the body mass of the animal (Fig. 1). In tenrecs, 
the RMT increased with increasing body mass 

Table 2. Body mass, kidney size and relative medullary thickness (RMT) of shrews of the genus Sorex and 
of shrew tenrecs of the genus Microgale. 
——————————————————————————————————————————————————————————————————
Species N Body mass (g) Kidney size (mm3) RMT

  Mean SD Mean SD Mean SD Max Min
——————————————————————————————————————————————————————————————————
Shrews, Alaska
Sorex tundrensis 3 6.66 1.61 78.75 22.88 5.00 0.30 5.34 4.77
Sorex monticolus 2 6.25 0.35 52.50 10.60 4.66 0.63 5.11 4.21
Sorex cinereus 5 3.00 0.00 37.04 4.77 4.76 0.38 5.15 4.27
Sorex hoyi 5 2.94 0.13 26.40 3.28 4.75 0.31 5.21 4.34

Shrews tenrecs, Madagascar
Microgale dobsoni 5 30.70 3.05 242.60 33.71 5.54 0.26 5.90 5.23
Microgale soricoides 4 18.00 3.87 142.20 13.19 5.35 0.13 5.52 5.18
Microgale longicaudata 2 5.65 0.63 64.88 10.08 5.29 0.16 5.40 5.17
Microgale parvula 4 2.52 0.05 34.60 7.54 4.59 0.92 5.42 3.73
——————————————————————————————————————————————————————————————————
Sorex cinereus and Sorex hoyi are from Fairbanks, and Sorex tundrensis and Sorex monticolus from 
Toolik Lake, Alaska. The shrew tenrecs are from several localities in the eastern tropical rain forests of 
Madagascar.
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but differences in RMTs were small compared 
to the differences in body mass (Fig. 1). Also, 
in M. parvula the standard deviation of RMT 
was high (Table 2). 

Discussion

The signifi cantly higher RMT of S. ornatus 
compared to those of Sorex shrews from moist 
areas (Tables 1 and 2; Sperber 1944) indicates 
that the theoretical maximum potential of S. 
ornatus to concentrate urine is greater than those 
of other Sorex species examined. Sorex ornatus 
has other adaptations, such as a lower metabolic 
rate than other Sorex species of similar body 
mass, and torpor-like behavior (Newmann & 
Rudd 1978), which enable it to occupy drier 
habitats than other Sorex shrews.

The RMT value of N. crawfordi, however, 
is similar to desert rodents (Beuchat 1990). 
The high RMT (Lindstedt 1980; Table 1), the 
relatively low metabolic rate, and the ability 
of N. crawfordi to enter torpor (Taylor 1998) 
most likely explain its larger distribution area 
in southern California as compared with that of 
S. ornatus.

It is not known whether the signifi cant differ-
ence in RMTs of the southern California shrew 
species refl ects any differences in prey items of 
these insectivores or differences in behavior (bur-
rowing). The desert wood rat, Neotoma lepida 
(Thomas 1893) which is sympatric with S. orna-
tus and N. crawfordi in many areas in southern 
California, has adapted to the arid environment 
by diurnal residence within a stick nest and 
selection of moist vegetation (Lee 1963). 

Blake (1967 cited in Lindstedt 1980) and 
Heisinger et al. (1973) showed that even within 
the same mammal species RMTs differ accord-
ing to availability of water in their habitat. 
Although the RMTs of S. ornatus from the more 
arid inland site (Wild Animal Park) were higher 
than those measured from the coastal sites, no 
signifi cant spatial differences in RMTs of either 
of the southern California shrew species from 
different habitats were found. This can at least 
partly be explained by the microhabitat choice 
of shrews in our study areas. Both shrew species 
occurred only in some parts of the study sites 

even when a site appeared to consist of entirely 
similar habitat (Laakkonen et al. 2001). Also, 
as for N. crawfordi, it is possible that the scale 
used in this study did not include sites (habitats) 
different enough in availability of moisture to 
show any spatial differences in RMT of this 
widespread species. The RMTs of N. crawfordi 
from Arizona (Lindstedt 1980) were higher (8.6; 
N = 5) than the means found in this study 
(Table 1). In contrast, Heisinger et al. (1973) 
did not fi nd any signifi cant differences in the 
medullary thickness of a vole species from two 
different geographic areas. 

The RMTs of shrews from Alaska (Table 2) 
were similar to those found in Sorex shrews 
from northern Europe (Sperber 1944, see intro-
duction). The RMTs of shrews from different 
habitats (bog vs. tundra) did not differ signifi -
cantly (Table 2) indicating that water avail-
ability is not a limiting factor in the distribution 
of shrews in these areas.

Despite the contrasting habitats of Sorex 
shrews and Microgale shrew tenrecs, their RMTs 
were remarkably similar. The relatively low RMTs 
recorded in the suite of shrew tenrec species used 
in this study indicate that they are not adapted 
to arid habitats. This conclusion is supported by 

Fig. 1. The correlation between the mean relative 
medullary thickness and the mean body mass of 
shrews and of shrew tenrecs examined for this study. 
Note that not all species occurred in the same sites 
or habitats. NC = Notiosorex crawfordi, SO = Sorex 
ornatus, SH = Sorex hoyi, SC = Sorex cinereus, SM 
= Sorex monticolus, ST = Sorex tundrensis, MP = 
Microgale parvula, ML = Microgale longicaudata, MS 
= Microgale soricoides, MD = Microgale dobsoni.
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ecological investigations of shrew tenrecs (e.g., 
Goodman et al. 1996). A recent fi eld survey 
shows that several species of shrew tenrecs are 
able to maintain seemingly viable populations in 
fragmented and isolated forests but most species 
do not occur in non-forested habitats (Goodman 
& Rakotondravony 2000). Of the shrew tenrec 
species studied here, only M. longicaudata is 
known to occur also outside of forested zones 
(Goodman & Rakotondravony 2000). 

In support of results of previous studies of 
RMT in Sylvilagus rabbits (Heisinger & Breiten-
bach 1969), Tamias chipmunks (Heller & Poul-
son 1972) and Peromyscus mice (Heisinger et al. 
1973), results of this study showed that measure-
ment of RMT is an informative way to estimate 
the ability of a species to occur in arid habitats 
also in insectivorous species. Unlike the previous 
studies, this study did not only compare closely 
related species but sympatric species sharing the 
same habitat fragments. While the results indi-
cated that RMTs could be used to detect interspe-
cifi c differences in adaptations to aridity, spatial 
intraspecifi c differences could not be demon-
strated. Knowledge of other physiological adap-
tations to aridity, and of microhabitat choice of 
each species is needed to further study the adap-
tive differences between local populations, and 
to determine the potential distribution area of 
these species in detail. The rapid fragmentation 
of natural habitats around the world underlines 
the importance of such studies. 
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