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ABSTRACT 

 
We analyzed shrew community data from 

398,832 pitfall trapnights at 303 sites across the up-
per Piedmont, Blue Ridge, northern Ridge and Val-
ley, southern Ridge and Valley, Cumberland Plateau 
and Allegheny Mountains and Plateau sections of 
the central and southern Appalachian Mountains 
from Alabama to Pennsylvania.  The objectives of 
our research were to describe regional species dis-
tributions and to identify macro-environmental fac-
tors important to shrews at both the community 
and individual species scales. Our study docu-
mented the presence of nine species with a low of 
three in the southern Ridge and Valley section to a 
high of eight in the Blue Ridge section where the 
Appalachian, Austral and Boreomontane fauna ele-
ments converge.  Region-wide, shrew species rich-
ness was related to increasing elevation and was 
higher in mesic forest types than in xeric types.  
Conformity to expected distribution of shrew body-
size (small, medium and large) appropriate for the 
central and southern Appalachian species pool 
showed no relationship to elevation gradients.  
However, xeric forest types conformed to a bal-

anced assemblage of size classes less than expected.  
Among individual species, presence of masked 
shrew (Sorex cinereus) and smoky shrew (Sorex fumeus) 
was associated strongly with increasing elevation 
and mesic forests, whereas presence of southeastern 
shrew (Sorex longirostris) and southern short-tailed 
shrew (Blarina carolinensis) showed an opposite trend 
with elevation and forest type.   The strong relation-
ships we documented between presence of these 
four species with elevation and forest type facili-
tated reliable predictive habitat modeling.   Con-
versely, the presence of pygmy shrew (Sorex hoyi) 
and northern short-tailed shrew (Blarina brevicauda) 
was not linked to forest type and only weakly linked 
to increasing elevation.  Our analyses failed to pro-
duce meaningful relationships about extreme habitat 
specialists documented by our survey, the rock 
shrew (Sorex dispar) associated with colluvial talus, 
the water shrew (Sorex palustris) associated with 
high-gradient streams, and the least shrew (Cryptotis 
parva) associated with oldfields and early sucessional 
habitats. 

  

INTRODUCTION 
 

Within the central and southern Appalachian 
Mountains of the southeastern and mid-Atlantic 
United States, the family Soricidae is represented by 
9 species of shrews (Kirkland and Snoddy 1999; 
Laerm et al. 1999).  The Appalachian Mountains 
provide an extension of the Boreomontane and 
Appalachian faunal elements into a region with Aus-
tral affinities (Choate et al. 1994).  Superficially, var-
ied topography that produces considerable habitat 
heterogeneity and the high elevations that provide 
cool and moist climatic regimes are two comple-
mentary factors that enable the central and southern 

Appalachians to support a rich shrew community 
within local landscapes (i.e., > 2,000 ha).  However, 
many of these species with sympatric regional dis-
tributions often are not syntopic.  Strong local seg-
regation occurs between similar species, such as the 
masked shrew (Sorex cinereus) and the southeastern 
shrew (Sorex longirostris; Pagels and Handley 1989; 
Ford et al. 2001).  In part, this is a function of the 
varied habitat preferences among shrew species 
(Laerm et al. 1999) as well as differences in body 
size that contribute to fairly predictable species as-
semblages and local distributions (Fox and Kirkland 
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1992; Shvarts and Demin 1994; Churchfield et al. 
1999).  Nonetheless, the factors that explain pres-
ence of individual shrew species at the micro- or 
macro-habitat or even landscape distribution scales 
in the central and southern Appalachian Mountains 
have not been quantified.    

Seven of the nine shrew species that occur in 
the central and southern Appalachian Mountains are 
listed as sensitive or species of concern in one or 
more states in the region (Laerm et al. 2000a).  
Therefore, the ability to understand the environ-
mental factors responsible for distributional pat-
terns of presence and absence within a shrew spe-
cies’ distribution is critical from a conservation 
viewpoint.   Because most shrews are cryptic ani-
mals that are difficult to survey without time- and 
labor-intensive pitfall trapping (Kirkland and 
Sheppard 1994; Ford et al. 1997), developing easily 
quantifiable habitat parameters to accurately predict 
species presence would be useful in conservation 
planning and biodiversity management.  For exam-
ple, knowledge of masked shrew distribution in the 
southernmost Blue Ridge section could provide in-

sights in defining and conserving functioning mon-
tane boreal or northern hardwood forest communi-
ties that currently exist as isolated relicts (Ford et al. 
1994).  Presence of water shrews (Sorex palustris) 
may be indicative of high water quality that merits 
extraordinary riparian zone protection in the central 
and southern Appalachian Mountains (Pagels et al. 
1998), whereas presence of the rock shrew (Sorex 
dispar) probably are indicative of talus and rock out-
crop habitats that support two rodents of very high 
conservation concern, the Allegheny woodrat 
(Neotoma magister) and the rock vole (Microtus chrotor-
rhinus).  Accordingly, the objectives of our study 
were to: 1) examine the influence of elevation and 
forest type on shrew species richness and distribu-
tion of shrew species in the central and southern 
Appalachian Mountains; 2) examine the influence of 
elevation and forest type on maintaining conformity 
to equitable function groups of shrews as delineated 
by current species-assembly rules for shrews in the 
eastern United States; and 3) explore the utility of 
modeling shrew species distribution across the cen-
tral and southern Appalachian Mountains. 

 
METHODS 

 
We assembled survey data from pitfall collec-

tions from 303 sites over 398,832 trapnights in the 
central and southern Appalachian Mountains in the 
upper Piedmont, Blue Ridge, northern Ridge and 
Valley, southern Ridge and Valley, Allegheny Moun-
tains and Plateau and Cumberland Plateau sections 
from northeastern Alabama to southwestern Penn-
sylvania (Figure 1).  Our collection data emanated 
from several ecological studies and unpublished 
survey efforts that were undertaken by the Univer-
sity of Georgia, the USDA Forest Service, the Uni-
versity of North Carolina at Wilmington, Virginia 
Commonwealth University, Marshall University, 
Kentucky Nature Preserves Commission and Pow-
dermill Biological Station from 1979-2000 (Caldwell 
1980; Cawthorn 1994; Ford et al. 1994; Laerm et al. 
1994; Pagels et al. 1994; Hajenga 1995; Laerm et al. 
1995a; Laerm et al. 1995b; Laerm et al. 1995c; 
Laerm et al. 1996a; Laerm et al. 1996b; Ford et al. 
1997; Laerm et al. 1997; Ford et al. 1999; Laerm et 
al. 1999; Menzel et al. 1999; Ford et al. 2000a; 
Laerm et al. 2000b; Ford et al. 2001; Ford and Rod-

rigue 2001; Merritt et al. 2001;Keyser et al. 2001).  
The majority of these collections were obtained 
from pitfall trapping using 943 cm3 plastic cups or 
#10 tin cans set in transects along natural cover 
such as coarse woody debris or boulders or associ-
ated with aluminum drift-fences.  Pitfall trapping 
methods are described in detail by Ford et al (1994), 
Pagels et al. (1994) and McCay et al. (1998).   

For each pitfall collection site, we determined 
Appalachian physiographic section, elevation, forest 
type, species presence and richness.   Collection site 
elevations ranged from 160 m in the upper Pied-
mont to approximately 1,600 m in the Blue Ridge.   
Most sites were located in mature, second-growth 
forest stands that originated from forest harvesting 
or farm abandonment during 1880-1930 (Ford et al. 
1994; Ford et al. 2000b).  However, some collec-
tions were from younger-aged forest stands (15-50 
years-old) or unharvested old-growth (Ford et al. 
1997).  We characterized each collection site as 
mesic or xeric forest type.  Mesic forest communi-
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ties were located at either high elevations or in areas 
with favorable site conditions, such as sheltered 
north-facing slopes and ravines, whereas xeric for-
ests usually were located at either low- to mid-
elevations or in exposed aspects and unsheltered 
landforms.  Mesic forests included red spruce (Picea 
rubens)-dominated forests or northern hardwood 
communities dominated by American beech (Fagus 
grandifolia), yellow birch (Betula alleghaniensis), sugar 
maple (Acer saccarhum) and black cherry (Prunus serot-
ina) at the highest elevations, cove hardwood forests 
dominated by yellow poplar (Liriodendron tulipifera), 
basswood (Tilia americana) and northern red oak 
(Quercus rubra) on north-facing slopes and ravines; 
and eastern hemlock (Tsuga canadensis)-white pine 
(Pinus strobus)-dominated montane riparian areas 
along very sheltered, high-gradient streams (Ford et 
al. 2000a; Ford et al 200b; Ford and Rodrigue 2001).  
Xeric forest communities included upland hard-
wood forests dominated by several oak (Quercus ) 
and hickory (Carya ) species, red maple (Acer rubra) 
and blackgum (Nyssa sylvatica); mixed pine (Pinus )-
hardwood dominated by various yellow pines and 
white pine along with  hardwood associates from 
the upland hardwood community; yellow pine 
communities at the lowest elevations or the most 
exposed in the region dominated by species such as 
shortleaf pine (Pinus echinata) and pitch pine (Pinus 
rigida); and riverine communities dominated by 
black willow (Salix nigra), alder (Alnus serrulata) and 
sweetgum (Liquidambar styraciflua) along well-drained 
riparian terraces or scoured cobble and sandy out-
washes (Ford et al. 1994; Laerm et al. 1999). 

We performed linear regression to assess the re-
lationship between shrew species richness and ele-
vation (Steel and Torrie 1980).  We analyzed species 
richness using ANCOVA with elevation as a covari-
ate to assess how shrew species richness varied be 
tween mesic or xeric forest types (Steel and Torrie 
1980).  We converted site richness to a categorical 
variable by assigning 0-1 species as low, 2-3 species 
as medium, and > 4 species as high.  We used a 
two-sample t-test to examine elevation differences 
between collection sites that conformed to equitable 
function groups with those that did not (Steel and 
Torrie 1980).  Equitable function groups followed 
Fox and Kirkland’s (1993) species assembly rules 
using small, medium, and large species as groupings  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. – Shrew collection sites (n =303) in 6 physiographic 
sections in the central and southern Appalachian Moun-
tains, 1979-2000 (circles).  Within a county, circles may rep-
resent numerous collection sites and counties with two cir-
cles reflect sampling at different physiographic subsections.   
Triangles show the location of independently collected data 
(n = 97) used for logistic regression model validation. Ap-
palachian physiographic sections are as follows: 1- Pied-
mont, 2 - Blue Ridge, 3- Northern Ridge and Valley, 4 - 
Southern Ridge and Valley, 5 - Allegheny Mountains and 
Plateau, and 6 – Cumberland Plateau. 

 
that cannot have an additional species member 
unless other groupings are occupied by at least one 
species member.  We used Fisher’s Exact test to test 
for independence between equitable function group 
outcome (favored versus non-favored) and forest 
type (Stokes et al. 1995).  For all physiographic sec-
tions where an individual species occurred, we ana-
lyzed presence with elevation and forest type using 
multiple logistic regression (Goguen and Mathews 
2001; Teixeira et al. 2001).  We assessed the percent 
correct classification of observations within each 
regression model using a jackknife procedure on the 
original dataset and also using 97 other shrew pitfall 
collections from the region (Figure 1.) where eleva-
tion and forest type could be obtained (Pagels and 
Tate 1976; Harvey et al. 1991; Harvey et al. 1992; 
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Table 1. __ Pitfall trapping effort and shrew captures across forest types, elevation, and physiographic subsections in the central 
and southern Appalachian Mountains, 1979-2000.  Forest community types are as follows: SPR = red spruce, NHW = north-
ern hardwood, CHW = cove hardwood, HWP = eastern hemlock-white pine-rhododendron riparian, UPH = upland hard-
wood, MPH = mixed pine-hardwood, YP = yellow pine, and RIV = low elevation riverine.  Physiographic sections are as fol-
lows:  P = Piedmont, BR = Blue Ridge, NRV = northern Ridge and Valley, SRV = southern Ridge and Valley, AP = Alle-
gheny Plateau and Mountains, and CP = Cumberland Plateau.  Sections where a species is known from other records but not 
collected in this study are noted in bold typeface.  Three northern hardwood sites in Allegheny Plateau and Mountains had 
unknown pitfall trapping effort, hence totals are not reflected in the table. 

 

 
Mitchell et al. 1997; Dobony 2000; Greenberg 2001; 
D. Webster, University of North Carolina at Wil-
mington, unpubl. data) as validation datasets that 
were not used in the initial modeling (SAS Institute 
1995).  Statistical significance was indicated at α = 
0.05 for all tests.  Finally, we used an exclusionary 

approach based on probability thresholds from lo-
gistic regression models as modified by Odom et al. 
(2001) to use spatial query tools in ArcView Spatial 
Analyst® to produce GIS coverages of predicted 
masked shrew distributional patterns at local scales. 

 
RESULTS 

 
Nine shrew species were present in the study 

region:  northern short-tailed shrew (Blarina brevi-
cauda), southern short-tailed shrew (Blarina carolinen-
sis), least shrew (Cryptotis parva), masked shrew, rock 
shrew (Sorex dispar), smoky shrew (Sorex fumeus), 
pygmy shrew (Sorex hoyi), southeastern shrew (Sorex 
longirostris), and water shrew (Sorex palustris); Table 
1).  No individual species occurred in every physi-
ographic section or forest community in the collec-
tion data (Table 1).  Species richness varied from a 
low of three in the southern Ridge and Valley to a 
high of eight in the Blue Ridge (Table 1).  

Shrew species richness was related positively to 
elevation (r2 = 0.306, d.f. = 1, 299, P < 0.001) where 

richness = 1.14 + 0.002 (m).    Mean elevation ad-
justed for the significant forest type covariate (F = 
60.53, d.f. = 1, P < 0.001) was different among col-
lection sites with high, medium, and low shrew spe-
cies richness values (F = 65.24, d.f. = 3, 297, P< 

0.001) with mean elevations (0 + SE) of high rich-
ness sites (1035.38 m + 30.57, n  = 89) > medium 
richness sites (777.14 m + 22.88, n = 170) > low 
richness sites (487.80 m + 30.38, n = 45).  Although 
mean elevation of collections sites that conformed 
to equitable function groups (825.30 m + 20.49, n  
=256) and those that did not conform (743.83 m + 
48.26, n = 45) did not differ (t = 1.52, d.f. = 299, 
P=0.12), the collection sites not conforming to 

 
 

Sites 
Trap-
nights 

Northern 
short-tailed 

shrew 

Southern 
short-tailed 

shrew 

Least  
shrew 

Masked 
shrew 

Rock  
shrew 

Smoky 
shrew 

Pygmy 
shrew 

South-
eastern 
shrew 

Water 
shrew 

SPR 
 

45 37,928 16 0 1 442 10 29 8 0 0 

NHW 
 

41 39,211 176 0 0 1,372 9 571 46 0 1 

CHW 
 

54 111,758 368 0 3 787 16 1,337 148 5 0 

HWP 
 

37 36,793 113 0 0 364 2 724 27 10 5 

UPH 
 

90 99,077 195 96 5 538 12 585 86 131 2 

MPH 
 

40 45,191 55 6 8 180 4 230 48 36 2 

YP 
 

15 10,120 8 1 1 0 0 3 18 62 0 

RIV 
 

11 13,453 1 9 4 0 0 0 0 19 0 

Elevations 
(m) 

  246-1600 160-553 276-1524 507-1600 610-1524 246-1600 160-1600 160-923 795-1538 

Sections 
 
 

  
 

P, BR, 
NRV, AP, 
CP 

P, SRV, 
CP 

P, BR, 
NRV, SRV, 
AP, CP 

P, BR, 
NRV, AP 

BR, NRV, 
AP, CP 

P, BR, 
NRV, 
AP, CP 

P, BR, 
NRV, 
AP, CP 

P, BR, 
NRV, 
SRV, CP 

BR, 
NRV, 
AP 
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Table 2. – Effect of elevation and generalized forest type (mesic or xeric) on presence of shrew species in the central and 
southern Appalachian Mountains, 1979-2000 as determined by multiple logistic regression.  Presence and absence data by spe-
cies were used only for physiographic sections within documented species distributions. Correct classification rates were based 
on internal jackknife procedures with data used for model formulation and also with independent validation datasets. 

 
 
 

R2 Parameter 
estimate 

Wald χ2 P > χ2 
Odds 
ratio 

% Correct 
(jackknife) 

% Correct 
(validation) 

Northern short-tailed shrew 0.152     73 67 
 Intercept  -1.058 8.052 0.005    
 Elevation  0.002 15.407 0.001 1.002   
 Forest type  0.516 3.034 0.081 1.675   
Southern short-tailed shrew 0.358     77 80 
 Intercept  2.657 7.239 0.007    
 Elevation  -0.008 12.497 0.001 0.992   
 Forest type  -12.860 0.002 0.964 0.001   
Least shrew 0.041     47 89 
 Intercept  -1.919 8.382 0.004    
 Elevation  -0.001 1.514 0.219 0.999   
 Forest type  -0.480 0.480 0.484 0.619   
Masked shrew 0.509     79 67 
 Intercept  -4.854 67.721 0.0001    
 Elevation  0.005 51.679 0.0001 1.005   
 Forest type  1.084 12.217 0.005 2.956   
Rock shrew 0.060     92 87 
 Intercept  -4.372 24.967 0.0001    
 Elevation  0.002 4.610 0.032 1.002   
 Forest type  -0.222 0.167 0.683 1.249   
Smoky shrew 0.576     73 77 
 Intercept  -3.940 47.900 0.0001    
 Elevation  0.006 54.078 0.0001 1.006   
 Forest type  1.182 8.577 0.004 3.268   
Pygmy shrew 0.096     58 47 
 Intercept  -1.489 19.754 0.0001    
 Elevation  0.002 18.929 0.0001 1.002   
 Forest type  -0.264 0.933 0.334 0.768   
Southeastern shrew 0.495     83 77 
 Intercept  3.014 31.048 0.0001    
 Elevation  -0.005 39.966 0.0001 0.995   
 Forest type  -1.099 5.463 0.019 0.333   
Water shrew 0.220     96 97 
 Intercept  -8.295 20.238 0.0001    
 Elevation  0.005 11.268 0.001 1.005   
 Forest type  -1.290 2.482 0.115 0.287   

 
equitable function groups occurred more than ex-
pected in xeric forest types (Fisher’s Exact test, P = 
0.002).  

Individually, presence of masked shrews and 
smoky shrews strongly was related to increasing ele-
vation and forest type with elevational thresholds of 
presence lower in mesic forests than in xeric forests 
(Table 2; Figure 2).  Conversely, southern short-
tailed shrews and southeastern shrews showed the 
opposite relationship (Table 2; Figure 2).  Elevation 

was related weakly to the presence of northern 
short-tailed and pygmy shrews (Table 2, Figure 2), 
as well as the rare water shrew that occurred at only 
9 of 210 possible collection sites (Table 2).  Similar 
to the water shrew, the skewed distribution and rar-
ity of least shrews (present at 12 of 272 possible 
sites) and rock shrews (present at 20 of 250 possible 
sites) showed no relationship to elevation or forest 
type (Table 2).  Percent correct classification rates 
of observed values using both the jackknife and 
validation procedures were high for northern short-
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Fig. 2. – Predicted probabilities of occurrence of selected shrew species in the central and southern Appalachian Mountains 
based on logistic regression models, 1979-2000.  Subfigures A and B show a greater probability of occurrence of masked 
shrews and smoky shrews in mesic forests and along an increasing elevational gradient.  Subfigures C and D show the opposite 
trend with the southeastern shrew and southern short-tailed shrew as the greater probability of occurrence is higher in xeric 
forests at low elevations.  Subfigures E and F show the weak, positive relationship between increasing elevation and a lack of 
relationship by forest type with the probability of occurrence of the northern short-tailed shrew and the pygmy shrew. 
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Fig. 3. – A spatially explicit probability of occurrence of the masked shrew in a GIS based on logistic regression model incor-
porating elevation and forest type as independent variables.  The scene is a portion of the Tray Mountain USGS 7.5’ quadran-
gle at the convergence of Habersham, Towns, and White counties, Georgia near the summit of Tray Mountain on the Chatta-
choochee National Forest.  Areas of high probability of occurrence (>75%) occur at higher elevations or are associated with 
north-facing and/or very sheltered landforms. 

 
tailed shrews, southern short-tailed shrews, masked 
shrews, smoky shrews and southeastern shrews and 
low for pygmy shrews (Table 2).   Values for rock 
shrews, water shrews, and least shrews were biased 
because of the low number of actual occurrences 
and all sites classified as “absent” leading to high 
correction classification rates (Table 2).  Using 

threshold values of 0-50, >50-75, and >75 percent 
predicted probabilities of masked shrew occurrence 
for various combinations of elevation and forest 
type, we were able to construct a meaningful GIS 
coverage showing the distribution of the masked 
shrew over a regional portion of the Blue Ridge sec-
tion in northern Georgia (Figure 3). 

 
DISCUSSION 

 
Increases in species richness along elevational 

gradients probably are a function of the complex 
interactions of increased precipitation, food re-
source diversity and abundance, high levels of local-
ized habitat heterogeneity, and high rates of speci-
ation and endemism (Heaney 2001; Rickart 2001). 

The link between increased richness in groups such 
as birds, bats and rodents with increasing habitat 
diversity and rainfall and productivity has been 
demonstrated at both local and landscape scales 
(Nor 2001; Sanchez-Cordero 2001; Jetz and Rahbek 
2002).   Our data showing increased shrew species 
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richness with elevation in the central and southern 
Appalachian Mountains conform to these patterns 
where elevational increases bring Austral faunal 
elements such as the southeastern shrew and least 
shrew in syntopy with Appalachian and Boreomon-
tane species such as the smoky shrew, masked 
shrew, and northern short-tailed shrew.    

For shrews in the central and southern Appala-
chian Mountains, especially species such as the 
northern short-tailed shrew, masked shrew, and 
smoky shrew, that are linked to cool and moist mi-
cro-habitats (Ford et al. 1994; Pagels et al. 1994; 
Laerm et al. 1999; Ford et al. 2000a; Merritt et al. 
2001), increases in elevation result in more favor-
able micro-climates and increased invertebrate and 
woodland salamander food resources (Getz 1961; 
Ford et al. 2002a; Ford et al. 2002b), though McCoy 
(1990) cautioned that arthropod abundance and 
species richness in relation to elevation gradients in 
the southern Appalachian Mountains were a “com-
plex interplay of local ecological interactions, lati-
tude, disturbance and sampling regimes.”  Elevation 
and complex topography provide exposed aspects 
and xeric forests favorable to species such as the 
southeastern shrew and pygmy shrew in close prox-
imity to mesic habitats that support other shrew 
species.  This validates the increased “ecotone” ef-
fect hypothesis where high levels of habitat hetero-
geneity occur and species richness often is high 
(Lomolino 2001).   In both tropical and continental 
montane systems, trends in small mammal species 
richness display a curvilinear mid-elevation peak in 
which climatic conditions begin to deteriorate and 
overall productivity declines (Heaney 2001; Rikart 
2001).  This pattern does not occur for shrews in 
the central and southern Appalachian Mountains 
because, save for the few peaks above 1,400 m in 
the Allegheny Mountains and Plateau in West Vir-
ginia and above 1,700 m in the Blue Ridge of west-
ern North Carolina and eastern Tennessee, eleva-
tions do not reach sufficient height to produce 
harsh alpine conditions occur (Fenneman 1938; 
Cogbill and White 1991). 

Our data support observations that shrew as-
semblages in the eastern United States follow size-
based assembly rules (Fox and Kirkland 1992; Kirk-
land and Snoddy 1999) because most sites con-
formed to an equitable distribution of size classes.  

Our inability to detect an elevational effect on con-
formity to equitable function groups at collection 
sites also may reflect the lack of sufficiently high 
elevations in the entire region where habitat condi-
tions would deteriorate to the point that shrew 
community structure deviates from a favored state.  
Of the sites that did exhibit inequitable distributions 
of shrew size class composition, most occurred in 
xeric forests where two small shrews, the southeast-
ern shrew and pygmy shrew, were syntopic in the 
absence of either a medium-sized smoky shrew or 
large-sized northern short-tailed shrew.  This 
probably was a result of the lower availability of 
food resources in these xeric systems.  It would be 
interesting to monitor favored state xeric sites over 
time to see if inclusion of species such as smoky 
shrew is  not constant but rather a result of an 
ecotone tension periodically drawing from the adja-
cent mesic forests’ species pool.   Several of the col-
lections from mesic forests that showed unfavored 
assemblages were places where the medium-size 
class was filled by smoky shrews and rock shrews, 
but the northern short-tailed shrew from the large-
size class was absent.  Because the rock shrew is 
closely tied to colluvial talus and rock outcrop habi-
tats where soil development generally is poor 
(Pagels 1987; Laerm et al. 1999; Ford and Rodrigue 
2001) and the northern short-tailed shrew is a semi-
fossorial species often found where deeper, well-
drained but moist soil conditions prevail (George et 
al. 1986), their mutual exclusion based on habitat 
preferences is expected.   

Logistic regression models using elevation and 
forest type as predictive variables worked very well 
for the masked shrew and smoky shrew, two species 
associated with mid- to high-elevations within the 
more rugged sections of the southern and central 
Appalachian Mountains and for the southeastern 
and southern short-tailed shrew that occur in the 
foothills of the upper Piedmont and southern Ridge 
and Valley.  From the standpoint of understanding 
species’ habitat preferences, these models incorpo-
rating two easily defined habitat parameters are 
helpful because many studies have noted the diffi-
culty of identifying specific micro- and macro-
habitat important to shrews in the central and 
southern Appalachian Mountains (Pagels et al. 1994; 
Ford et al. 1997; McCay et al. 1998; Ford and Rod-
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rigue 2001).  Moreover, these analyses should pro-
vide ecological insights into how species such as 
masked shrews and southeastern shrews minimize 
direct contact across a wide area of sympatric distri-
bution (Ford et al. 2001).  These models can easily 
be converted to spatially explicit predictive cover-
ages as we have demonstrated with the masked 
shrew for the Blue Ridge section in northern Geor-
gia (Figure 3).  Such efforts can aid conservation 
efforts by identifying areas where there is a high 
likelihood of encountering these species.  For ex-
ample, within the southernmost Blue Ridge in 
Georgia or South Carolina, areas with vegetative 
characteristics and faunal components of northern 
affinities, such as northern hardwood communities, 
are rare and restricted to either the highest eleva-
tions or the most sheltered north-facing landforms.  
Use of our predictive model for masked shrews 
along with established vegetation classification data 
will allow land managers in the southern Appalachi-
ans to quickly identify or rank northern hardwood 
patches in terms of quality and functionality and 
thereby assign a high protection priority without 
additional survey effort.   

With some notable exceptions, such as habitats 
with abundant colluvial rock or low elevations of 
the upper Piedmont, southern Ridge and Valley and 
Cumberland Plateau sections, northern short-tailed 
shrews were widespread throughout much of the 
region.  However, northern short-tailed shrews are 
less susceptible to pitfall trapping along natural 
cover than along drift-fences (McCay et al. 1998), 
and the majority of collections used the former 
method rather than the latter.   Although it was 
once considered one of the most rare mammal spe-
cies in North America (Laerm et al. 1994; Laerm et 
al. 2000b), widespread pitfall trapping efforts have 
shown the pygmy shrew to be widespread in occur-

rence and habitat utilization, but nowhere abundant 
(Pagels 1987; Laerm et al. 1999).   Therefore, the 
lack of relationship with forest type and the weak 
relationship with elevation should be expected.  

Although water shrews were linked to increases 
in elevation in our modeling effort, that species, 
along with least and rock shrews, was not specifi-
cally targeted by most of the collection data we ana-
lyzed.  Water shrews are best collected using pitfall 
traps set at the water’s edge along overhanging 
banks or snap-traps set in the stream channel 
(Pagels et al. 1998).  These methods were not util-
ized at most of the 303 collection sites in our study.  
Regardless, we can infer that the water shrew’s 
presence at higher elevations undoubtedly is linked 
to its affinity for undisturbed, high-gradient, first-
order streams.   At least 8 of the 20 collection sites 
where rock shrews occurred contained notable 
amounts of large emergent rock.  No Blue Ridge, 
northern Ridge and Valley, Allegheny Mountain and 
Plateau, or Cumberland Plateau section collection 
site was far (> 1 km) from either that type of feature 
or colluvial talus or was below 600 m in elevation.   
Lastly, the presence of least shrews at most collec-
tion sites was a function of the site's close proximity 
to oldfields or other early successional habitats (e.g., 
newly regenerating timber harvests; Ford et al. 1994; 
Hajenga 1995).  We are unable to explain the spe-
cies’ presence in a handful of locales in the Blue 
Ridge, including a high-elevation red spruce stand 
near the Mt. Rogers area in southwestern Virginia 
(Pagels 1991) and an area of older second-growth 
cove hardwoods with substantial old-growth legacy 
trees intermixed at Sosesbee Cove in northern 
Georgia (Ford et al. 1997).  These individuals may 
have been captured in these older stands as they 
dispersed between early successional habitats. 

 
CONCLUSION 

 
The interplay of complex topography, forest 

type heterogeneity, and the geographic union of 
Austral, Appalachian and Boreomontane faunal 
groups join to render the central and southern Ap-
palachian Mountains a biodiversity “hotspot” for 
soricids in North America.  Despite this biocom-
plexity, we were able to effectively explain observed 

assemblage patterns of shrew communities as well 
as individual species presence using simple measures 
of elevation and forest type.   Mesic forest types and 
increasing elevations tend to support the most spe-
ciose shrew communities in the central and south-
ern Appalachians.  Moreover, such sites also tend to 
display a greater frequency of equitably distributed 
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membership in shrew size-classes.  The opposite 
patterns are true for xeric forest types and lower 
elevations due in part that fewer of the whole re-
gion’s species are adapted for these conditions, al-
though some variation in size-class membership 
also was attributable to specialized habitat condi-
tions such as emergent rock or high-gradient 
streams not directly measured in our study.  

Whether or not the close adjacency of mesic 
and xeric forest types and high variation in local 

elevations produce a tension zone with a periodic 
expansion or contraction of individual species dis-
tributions at very localized scales to either create or 
disrupt balanced size-class distributions is unknown.  
These and the other underlying ecological mecha-
nisms behind our observed patterns of shrew distri-
bution in the central and southern Appalachian 
Mountains remain to be fully elucidated and should 
form the basis for future research. 
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