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A. ABSTRACT 

The pacific water shrew (Sorex bendirii) is the largest of North American shrews. Its 

historical range is limited to lowland riparian forests and marshes in western North America. 

In Canada, it is restricted to the Fraser Lowland Ecosection of southwestern British 

Columbia. This area has been extremely modified by urbanization and agricultural 

development. 

Information on the distribution and abundance of S. bendirii were reviewed from 

available sources. Where no Canadian sources were available, information from studies in 

the United States was also reviewed. S. bendirii is a riparian habitat specialist, it has a 

relatively small geographical range, and its population sizes are generally low. In Canada, 

the distribution of S. bendirii overlaps with one of the main urban centres in the country. 

Although there is little information on S. bendirii abundance and population trends, suitable 

habitat has disappeared at a rapid rate and most remaining habitat is highly modified, 

fragmented, and isolated. Factors influencing S. bendirii populations are largely the result 

of rapid and unplanned urbanization and agricultural development. 

The Pacific water shrew in Canada should be designated as THREATENED. 

Necessary measures should be taken to ensure the long-term persistence of this species. 

B. DISTRIBUTION 

The Pacific water shrew, marsh shrew, or Bendire's shrew {Sorex bendirii) is restricted 

to the western part of North America from northern California to southern British Columbia 

(Fig. 1) (Pattie 1973, Hall 1981, Van Zyll de Jong 1983). Of the three subspecies of S. 
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bendirii, only S. b. bendirii, the subspecies with the widest distribution, is found in Canada 

(Van Zyll de Jong 1983). 

In Canada S. bendirii is restricted to the Lower Mainland of southwestern British 

Columbia (Fig. 2). One hundred and eleven specimens have been captured in 24 localities. 

The majority of records have occurred in lowland habitats. It has been documented as far 

west as Point Grey, as far east as Chilliwack River, and from the North Shore Mountains 

in the north to the U.S. border in the south (Table 1). Only eleven individuals have been 

caught in the last 40 years. 

C. PROTECTION 

A recent field survey has recommended up-listing S. bendirii from the Blue list to the 

Red list of the B.C. Ministry of Environment (Zuleta and Galindo-Leal 1993). However, 

this affords no legal protection. While British Columbia coastal fisheries/forestry guidelines 

protect riparian habitat, width of buffer areas is generally too narrow (10 to 30 m) and 

unlikely to protect S. bendirii (B.C. Ministry of Forests 1992) (See Recommendations / 

Management options). 

D. POPULATION SIZE AND TRENDS 

No information is currently available on population sizes or trends for S. bendirii in 

Canada. However, several recent studies in the Pacific Northwest of the United States 

provide indices of relative abundance in different habitats for this species (Aubry et al. 1991, 

Corn and Bury 1991, Gilbert and Allwine 1991, Lehmkul and Ruggiero 1991, West 1991). 

These studies suggest that populations of S. bendirii are generally low throughout their 

range. S. bendirii forms a very small part of the small mammal community of western 
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Table 1. List of locations from west to east, municipality, year and number of S. bendirii collected in 
Canada (provided by D. Nagorsen) . 

Number of 
num Location Municipality Year individuals 

1 Vancouver Vancouver 1950 2 
2 Vancouver Vancouver 1945, 1950, 1951, 1962, 1973 10 
3 Vancouver Vancouver 1933 1 
4 Vancouver Vancouver 193 5 2 
5 Vancouver North Vancouver 1955 1 
6 Seymour River North Vancouver 1991 1 * 
7 Dollarton North Vancouver 1977 1 
8 Mount Seymour North Vancouver 1933 2 
9 Port Moody Port Moody 1894, 1895, 1897 8 
10 North Hoy Creek Coquitlam 1992 1 
11 Or Creek Coquitlam 1991 1 * 
12 Fergus Creek Surrey 1992 1 
13 Loon Lake Maple Ridge 1974 1 
14 Blaney Lake Maple Ridge 1973 1 
15 Peardonville Langley 1929, 1930 8 
16 Aldergrove Langley 1930 1 
17 Huntingdon Abbotsford 1927, 1932, 1934-35, 1941, 1943 10 
18 Davis Creek Dewdney-Alouette 1992 1 
19 Sumas Chilliwack 1895, 1896, 1897 42 
20 Cultus Lake Chilliwack 1927, 1942 2 
21 Vedder Crossing Chilliwack 1901, 1935 7 
22 Chilliwack Chilliwack 1888, 1889, 1891, 1926 4 
23 Agassiz Kent 1896 1 
24 Chilliwack River Chilliwack 1981 2 

Total 111 

* These records have not been confirmed with Voucher specimens. 

# 
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forests and often constitutes less than 1% of the total capture of small mammals (Table 2). 

It is unlikely that these low captures are due to a trapping bias since most studies have used 

pitfall trapping which is highly effective, specially for shrews (Williams and Braun 1983, 

Szaro et al. 1988). However, most studies have not been specifically designed to assess the 

density and/or population trends of S. bendirii. Past research has instead assessed habitat 

use by communities of small mammals in general and the low captures of S. bendirii could 

be due to sampling unsuitable habitats. Those few studies specifically directed to riparian 

habitats have shown that S. bendirii is more abundant in these systems (Anthony et al. 1987, 

Gomez 1992, McComb et al. 1993b; See section E. Habitat). 

Table 2. Abundance of S. bendirii relative to total captures of small mammals. 

« 
Number Total number Proportion Reference 

of S. bendirii of individuals of total capture 
of all spp. 

17 3047 0.006 % Corn and Bury 1991 
14 1493 0.009 % Gilbert and Allwine 1991 
47 7084 0.007 % West 1991 
— 8661 < 0.01 % Aubry et al. 1991 
< 10 1088 0.009 % McComb et al. 1993a 
3 999 0.003 % Zuleta and Galindo-Leal 1993 

British Columbia: 

In British Columbia there is almost no information on S. bendirii population 

abundance. Kremsater and Andrusiak (1991) trapped riparian areas of Campbell Valley 



Park and Aldergrove Lake Park (1300 trap nights) using pitfall traps to assess the present 

status of S. bendirii, but caught none. More recently, Zuleta and Galindo-Leal (1993) 

sampled forested riparian habitats in the Lower Mainland for 19810 trap nights in 55 

locations and found S. bendirii to be extremely rare. From a total of 999 small mammals 

only three were S. bendirii. In this study several locations were specifically chosen to 

confirm previous records of capture. Nowhere, however, did S. bendirii approach the 

relatively high number of captures reported a century ago (Zuleta and Galindo-Leal 1993). 

For example, from 1895 to 1897, 42 S. bendirii were caught in Sumas, Chilliwack (Table 1). 

Table 3. Relative abundance of S. bendirii as the number of individual captured per 1000 trap nights. Types of 
traps used (ST=Snaptraps; PT=Pitfall traps) and total effort (total number of trap-nights) are also indicated. 

Captures 
per 1000 TN 

Total 
effort 
e 

TrapsReference 

0 1300 PT Kremsater and Andrusiak 1991 
0.13 7866 ST (old) West 1985 
0.14 2080 6ST (new) West 1985 
0.15 19810 PT Zuleta and Galindo-Leal 1993 
0.46 10800 ST Anthony et al. 1987 
0.6 5040 ST/PT Upslope (400 m) McComb et al. 1993b 
0.69 28800 ST/PT McComb et al. 1993a 
9.4 5040 ST/PT Stream (< 10 m) McComb et al. 1993b 

E. HABITAT 

Few studies have analyzed habitat use by S. bendirii. Most of the available 

information comes from Washington and Oregon (Cora and Bury 1991, Gilbert and Allwine 

1991, Gomez 1992, McComb and Hagar 1993, West 1991). In all cases, S. bendirii has been 
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captured using removal methods. These studies, therefore, provide information only about 

presence/absence or relative abundance in different habitat types. No studies have 

investigated habitat choice or demographic parameters (survival, reproduction) for S. bendirii 

in different habitats. 

S. bendirii are most commonly associated with riparian and marshy habitats. Most 

S. bendirii are caught within 25 m of streams, and their abundance is significantly lower at 

200 m away from streams (Gomez 1992, Zuleta and Galindo-Leal 1993). 

In the United States, S. bendirii habitat has been characterized as forested riparian 

areas with a prevalence of coniferous trees. S. bendirii has been captured in moist and wet 

young, mature and old-growth Douglas fir forest in the Coast and Cascade Range of Oregon 

(Corn and Bury 1991, Gilbert and Allwine 1991, Gomez 1992) and in Douglas Fir forest of 

the Southern Cascades Range of Washington (West 1991). In these study areas they were 

captured in stands with relatively low conifer canopy cover (41.3 %) and high density of logs 

of decay class 1 (Gilbert and Allwine 1991). They were absent from clearcuts (Corn and 

Bury 1991, Gilbert and Allwine 1991). In Oregon, they were more abundant in mature and 

old growth stands of Douglas fir than in young stands (Corn and Bury 1991, Gilbert and 

Allwine 1991) whereas in Washington they were as or more abundant in young stands 

(Aubry et al. 1991, West 1991). 

In riparian zones of the western Oregon Cascade Range they were caught in old 

growth, in mature, and in young coniferous forests (Anthony et al. 1987). However, they 

were more abundant in riparian areas with trees more than 80 years old than in riparian 

areas with younger stands (McComb and Hagar 1993). McComb and Hagar (1993) listed 



8 

S. bendirii among the species associated with mature and old-growth forests. 

In British Columbia habitat characteristics of sites where S. bendirii has been 

captured have not been thoroughly documented. Most sites where S. bendirii has been 

recorded are within the Coastal Western Hemlock biogeoclimatic zone. Recently, Zuleta 

and Galindo-Leal (1993), recorded habitat characteristics of three sites were S. bendirii were 

caught. Each site was sampled for 22 to 36 days and all S. bendirii were caught during the 

first week of sampling. The three sites were relatively different in their habitat (Table 4). 

Table 4. Habitat characteristics of sites where S. bendirii was caught in the Lower Mainland (Zuleta and 
Galindo-Leal 1993) 

Creek North Hoy Davis Fergus 

Location Coquitlam Dewdney-Alouette White Rock 

Forest type Mixed Coniferous Mixed 
Dominant Alder, Bigleaf Maple Hemlock, Red Cedar Alder, Red Cedar 
Other spp Vine Maple, Hemlock Alder Bigleaf Maple 

Red Cedar Sitka Spruce, Hemlock. 
Canopy High Moderate High 
Shrubs Abundant Common Common 
Ferns Common Common 
Grasses Common Common 
Mosses Abundant Common 
Creek width 2m 50 cm 5 m 
Susbtrate Rocky Large boulders Sandy 
Number of 
S. bendirii 
per 100 tn 0.23 034 032 

Microhabitat 

S. bendirii abundance has been found to be positively correlated with stream aspect, 

conifer basal area (m/ha), and mostly western red cedar cover in Oregon (Gomez 1992). 



Variables that characterized capture locations of S. bendirii were: evergreen tree cover, 

evergreen shrub cover, distance to stand edge, higher number of large logs, litter depth, 

percent slope and higher basal area of deciduous trees (Gomez 1992). In the Lower 

Mainland, microhabitat characteristics of S. bendirii habitat were found to be as follows: 

Ground cover 

The three capture sites had very low percentage of exposed soil and grasses, 

moderate percentage of ferns, mosses and rocks and high percentage of fine litter. They 

differed widely in the amount of forbs (Table 5). 

Table 5. Ground cover characteristics of sites in the Lower Mainland were S. bendirii was trapped. Mean 
percentage of cover of exposed soil (EXS), ferns (FER), fine litter (FIL), forbs (FOR), grasses (GRA), mosses 
(MOS), and rocks (ROC). Number of 5. bendirii per 100 Trap Nights (TN) 

Creek EXS FER FIL FOR GRA MOS ROC S. bendirii 
/100TN 

North Hoy 14.0 31 92 6 0 16 8 0.23 
Davis 3 3 13 43 27 10 10 28 034 
Fergus 25 15 78 58 0 20 13 032 

Woody debris. The amount of ground covef by woody debris was similar in the three sites 

(15 to 19%). The percentage cover by old debris was higher than that of recent debris, 

particularly in Hoy Creek. There were more medium sized logs than large logs. However, 

large logs (> 50 cm width) were recorded in all three sites (Table 6). 
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Table 6. Mean percentage of woody debris of classes 1-2, 3-4, 5-6 of sites in the Lower Mainland where S. 
bendirii was trapped. Average number of medium (10-50 cm wide), and large (> 50 cm wide) logs per 707 m2. 

Decomposition state Number of S. bendirii 
Creek Young Med Old logs/707m2 per 

1-2 3-4 5-6 Md Lg 100 TN 

North Hoy 0 1 19 5.6 2.4 023 
Davis 6.7 3 3 6.7 6.7 0 3 034 
Fergus 2.5 5 15 8.8 1.8 032 

Overstorey 

The three capture sites all had more coniferous than deciduous trees. Canopy was 

well developed both at medium and high levels. High canopy cover was similar for 

deciduous and conifers and medium canopy cover was slightly higher for deciduous trees 

(Table 7). 

Table 7. Overstorey characteristics. Density of trees per 707 m2 and canopy cover of sites where S. bendirii was 
trapped. 

Percent canopy cover 
< 50 cm dbh > 50 cm dbh High Medium 
Con Deed Conf Deed Conf Deed Conf Deed 

North Hoy 4.2 5.8 1.6 « 0.2 24.0 16.0 4.0 52.0 
Davis 20.7 93 3.7 1.7 31.7 183 20.0 6.7 
Fergus 11.0 29.8 3.5 3 3 22.5 625 10.0 22.5 

Landscape characteristics 

As mentioned above, suitable 5. bendirii habitat is highly fragmented throughout the 

Lower Mainland (Fig. 3). Fragmentation characteristics of mixed and coniferous riparian 
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stands in Langley B.C. have been described recently (Zuleta 1993). Riparian stands were 

found to have a mean size of 82 ha, average length of 1.7 km and width of 788 m. They are 

larger, longer and wider than non-riparian fragments, but have also a larger edge index 

(Zuleta 1993). 

The three S. bendirii trapped in the recent survey (Zuleta and Galindo-Leal 1993) 

were caught in three different sites. Two were captured in contiguous forested areas. Both 

North Hoy Creek in Coquitlam, and Davis Creek in Hatzic, are on the edge of large areas 

of contiguous forests. On the other hand, the remaining S. bendirii was captured in Fergus 

Creek, in White Rock, which seems to be a true fragment of 27.6 ha. This location is 500 

m away from the nearest forest fragment and several kilometers away from the nearest 

forest "mainland" (Zuleta 1993). 

F. GENERAL BIOLOGY 

Reproductive capability 

There is almost no information on the reproductive capability of the S. bendirii. They 

have at least one litter of four to six young (usually five) from March to June (Jameson and 

Peters 1988). Mean litter size in other species of the genus Sorex ranges from 2 to 8 young 

and the average number of litters per year is 1.5 (Eisenberg 1981). The gestation period 

in most shrews lasts 21 days (Beneski and Stinson 1987). In most temperate shrews, 

breeding females produce two litters per season. The young are altricial when born, but 

develop rapidly. Adults do not survive overwinter and young breed after overwintering 

(Jameson and Peters 1988). 
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Food habits 

Kremsater and Andrusiak (1991) reviewed the literature on food habits of S. bendirii. 

Most of the studies they reviewed were based on observations of captive individuals. The 

diet of S. bendirii seems to consist largely of earthworms, sowbugs, spiders, centipedes, 

termites and soft-bodied arthropods (Pattie 1969,1972, Whitaker and Maser 1976). Mayfly 

naiads, earthworms and insect larvae were an important part of their diet. They also 

included snails, slugs, and Ephemeroptera naiads. Approximately 25% of their diet is 

obtained from aquatic sources (Kremaster and Andrusiak 1991). These studies suggested 

that the feeding habits of S. bendirii is more specialized than those of other shrews. 

Species movements 

There is little information on the movements of S. bendirii since most studies have 

used removal trapping which precludes information on movements. Harris (1984) reported 

a home range size of 1.09 ha, but no sources were indicated. Their home ranges are likely 

to be elongated along streams. If we assume that home range size is approximately one 

hectare and home ranges are between 12.5 m and 25 m wide elongated, the longest axis 

along the stream could range from 400 to 800 m in length. Most riparian studies use 

transects that are between 300 and 700 m in length. This could explain why few Sorex 

bendirii were captured in these studies. 

Behaviour and adaptability 

Studies in captivity have provided the scanty information on the behaviour of this 

species (Kremsater and Andrusiak 1991). They indicate that S. bendirii swims for short 

periods (less than 2 minutes) to capture aquatic invertebrates (Pattie 1969) and obtain a 
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substantial fraction of their diet in the water. Like other shrews, they appear to have poor 

eyesight. 

G. LIMITING FACTORS 

Nothing is known of the ecological interactions that affect the distribution and 

abundance of S. bendirii. They share their habitat with other shrew species and other small 

mammals, but there is no information on competitive or predatory interactions. 

The distribution of S. bendirii in Canada overlaps with one of the main urban centres 

in the country. The factors affecting S. bendirii can be assumed to be the result of rapid and 

unplanned urbanization. The human population in the Vancouver metropolitan area has 

doubled in the past 30 years (GVRD 1993), while in the municipality of Langley it has 

tripled in the last two decades (Cook et al. 1993). Presently, Greater Vancouver 

accommodates 1.5 million people and may exceed two million by the year 2011. 

An assessment of changes in habitat availability and suitability throughout the area 

of distribution is needed to determine how much habitat remains at present. However there 

is no comprehensive information on the rate of loss of natural habitats in the Lower 

Mainland. Nonetheless, several sources of information indicate that suitable habitat for S. 

bendirii is disappearing rapidly. Historically, S. bendirii had likely a wide distribution in the 

Lower Mainland. They were probably absent from areas like Richmond and Delta where 

habitats such as grasslands and shrublands predominated (North et al. 1979). A recent 

Landsat satellite image of the Lower Mainland shows that a substantial proportion of the 

lowland forest in the distributional range of the S. bendirii has been replaced by agriculture 
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and urban development (MacDonald Dettwiler and Assoc. 1984). In many agricultural areas 

riparian forest has been greatly reduced or has been completely eliminated. The remaining 

habitat is highly modified, fragmented and isolated. It is very likely that the population of 

S. bendirii has decreased considerably (See Limiting Factors). 

Habitat loss, habitat modification, and extreme fragmentation of natural ecosystems 

are one of the major results of developing in urban and suburban areas. In the Lower 

Mainland, most fragmentation has occurred in the western lowlands and is due to the 

expansion of the urban centre. The least fragmented areas are found toward the east. 

From a total of 24 locations where S. bendirii has been recorded, 11 (46 %) are now in 

isolated patches within the urban area, 8 (33%) are in the rapidly transforming interface 

between urban and forested areas. Only 5 (21%) locations are within large tracts of 

contiguous forest (North Vancouver, Coquitlam, Maple Ridge, and Chilliwack). Two of 

these localities have not been confirmed with voucher specimens (Nagorsen, pers. comm). 

Habitat loss 

A substantial portion of S. bendirii habitat in southwestern B.C., has already been 

lost. A large fraction of the Lower Mainland has been cleared for agriculture or has been 

paved over. For example, the aggregate channel length of the small rivers and streams in 

Vancouver has been reduced from over 120 kilometers to less than 20 kilometers (Oke et 

al. 1992). There are only a few relatively natural areas left. In the last 16 years there has 

been a 24 per cent reduction in the area of natural vegetation in the Greater Vancouver 

Regional District (Steyn et al. 1992). At present, 70% of the 303 km2 of the Township of 

Langley is unsuitable for forest-dependent small mammals (Zuleta 1993). 
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Habitat modification 

Remaining forest patches may not be adequate for the requirements of S. bendirii. 

Human activities in these areas have modified the composition and structure of the 

vegetation, and have modified the structure of streams. For example, 90% of forest 

fragments in Langley are either deciduous or mixed forest The prevalence of these forest 

types is most likely due to previous human disturbances. 

Habitat fragmentation 

A major consequence of urbanization and agricultural development is the drastic 

change in spatial distributional patterns of forest fragments. Habitat fragmentation results 

in small and isolated patches of habitat with high potential for edge disturbances. In an 

urban landscape, habitat fragmentation is exacerbated by roads, highways and power lines, 

which reduce free movement of species, particularly those with low mobility (Dickman and 

Doncaster 1987). Populations in small habitat patches have a higher probability of 

extinction, particularly those with low population densities like the S. bendirii. In turn, 

because of the small size and vagility of S. bendirii, recolonization may not be an option. 

The area of distribution of S. bendirii is bisected with major highways (Hwy 99, Hwy 

91, Trans-Canada Hwy, King George Hwy, and Lougheed Hwy) and with a very high density 

of smaller roads. Recently, Zuleta (1993) analyzed spatial characteristics of habitat 

fragments in the municipality of Langley where the degree of fragmentation represents an 

intermediate state in the west-east gradient of the Lower Mainland. Forested habitat is 

dispersed in approximately 270 forest fragments, most of them smaller than 50 ha (Zuleta 

1993). Only 61 fragments contain riparian forest potentially suitable for S. bendirii. 
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Contiguous forest had higher abundance and higher species richness of both shrews and 

rodents than fragmented stands (Zuleta 1993). Areas with contiguous forest are present in 

the edge of the range of S. bendirii such as the north shore mountains, Allouete-Hatzic 

district and Chilliwack. However, at least in the first two areas, urbanization is rapidly 

moving upslope, modifying important habitat for S. bendirii. 

Edge effects 

Remaining habitat patches where populations of S. bendirii remain are likely to be 

strongly influenced by biological changes generated by edges. On an edge the composition 

and structure of the plant community may change because of differences in solar radiation, 

wind and water (Yahner 1988). Edge effects are stronger in small and elongated patches. 

Because of their elongated shape, riparian fragments have greater proportion of edge than 

non-riparian fragments (Zuleta 1993). As the plant community changes near the edge, the 

composition of animal species changes as well as their ecological relations. This 

phenomenon is known as "faunal edge effect". It includes positive and negative effects, such 

as increased prédation and increased nest parasitism. 

In suburban forest fragments, human-related activities represent an important source 

of disturbance (Matlack 1993). Most damage by human activities occurs within 30 m of the 

forest edge, but some extends up to 70 m and beyond, particularly where there are access 

roads. 

A potentially critical edge effect in urban and rural landscapes is prédation by 

domestic cats. Many studies have shown that prédation of wildlife by domestic and feral 

cats is common. Cats are major predators of small mammals in suburban areas in many 
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parts of the world (Fitzgerald 1988). The rates of prédation by cats are not affected by the 

availability of domestic food (Warner 1985). Furthermore, their ranging movements may 

encompass a substantial area. For example, movements of free-ranging cats in rural areas 

averaged 228 ha for males and 114 ha for females (Warner 1985). 

There is no information on cat prédation on S. bendirii in British Columbia. High 

densities of domestic cats associated with urbanization are likely detrimental to S. bendirii. 

Domestic cats capture and kill large numbers of shrews as well as other native wildlife 

(rodents and birds). Although cats may not eat shrews because of their unpalatability, they 

regularly catch and kill them in large numbers (up to 80% of the overall captures) 

(Fitzgerald 1988). In addition, they reduce prey availability for other native predators such 

as weasels (Dickman and Doncaster 1987) and birds of prey (George 1974). 

S. bendirii uses streams for foraging. As their food habits seem more specialized than 

those of other shrews because of the inclusion of aquatic insects in their diet (Kremsater 

and Andrusiak 1991), changes in water quality may directly or indirectly detrimentally affect 

S. bendirii. Streams in urban areas are influenced by residential septic fields, runoff from 

urban areas and agricultural fields, industrial waste and erosion (Cook et al. 1993). 

H. SPECIAL SIGNIFICANCE OF SPECIES 

This species seems to be the most sensitive of a number of small mammal species 

with distribution restricted to the Lower Mainland. In addition to the Pacific water shrew, 

at least 10 species of small mammals are found in the Lower Mainland, and nowhere else 
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in Canada: Trowbridge's shrew (Sorextrowbridgii), Shrew-mole (Neurotrichus gibbsii), Coast 

mole (Scapanus orarius), Townsend's mole (Scapanus townsendii), Mountain beaver 

(Aplodontia rufa), Creeping vole (Microtus oregoni), Townsend's vole (Microtus 

townsendii), Townsend's chipmunk (Tamias townsendii), and Pacific jumping mouse (Zapus 

trinotatus). One subspecies of red-backed vole (Clethrionomys gapperi occidentalisais also 

restricted to this geographical area. 

Among these species, S. bendirii seems to have the most specialized habitat 

requirements. Rabinowitz et al. (1986) have categorized different types of rarity based on 

size of geographic range, degree of habitat specificity, and population size. The rarity of S. 

bendirii is due to a combination of these factors. They have a relatively small geographical 

range, they are habitat specialists and their population sizes are low. This category of rarity 

demands the most concern. Small populations are vulnerable to extinctions due to habitat 

loss and to natural, random environmental perturbations (Gilpin and Soule 1986). For 

example, habitat loss may result in a reduction in population size and distribution. In turn, 

a small population will be vulnerable due to demographic fluctuations, higher prédation risk, 

and increased genetic problems (Gilpin and Soule 1986). 

In addition, the range of S. bendirii in Canada represents the northern limit of their 

geographical distribution. Some authors argue that marginal populations have high 

evolutionary significance to the species as a whole and are essential for the maintenance of 

genetic diversity (Scudder 1993). 

I. RECOMMENDATIONS / MANAGEMENT OPTIONS 
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There are a number of measures that must be taken to ensure the long-term 

persistence of S. bendirii populations in Canada. Most of these actions involve the 

maintenance, protection, and restoration of forested riparian habitats in the Lower Mainland 

of B.C. Maintenance of these systems has many other benefits that have been already been 

considered in other contexts (i.e. fisheries). For S. bendirii, questions of habitat quality, 

connectivity, and width of riparian zones are most important. There is a strong need to 

protect relatively large fragments and their connectivity with other fragments. In many 

cases, habitat connectivity has been lost and it will be necessary to restore riparian habitats. 

Within fragments, maintenance of large trees, canopy cover, woody debris, fine litter, and 

stream structure are priorities. 

Recently, Cross (1988) pointed out that there is little information and no quantitative 

data available regarding components of the habitat of both marsh shrew and water shrew 

or the impacts of forestry practices on their populations. An important consideration for 

the management of this species is the width of riparian habitats. S. bendirii is considered 

to be among the species sensitive to forest harvest along streamsides (McComb and Hagar 

1993). Suggested buffer widths for riparian zones range from 10 m to more than 100 m. 

The B.C. Coastal Fisheries/Forestry Guidelines protect only a 10 m Streamside 

Management Zone for streams less than 10 m (Ministry of Forests 1992). McComb and 

Hagar (1993) have suggested that for the Pacific water shrew, with a home range size of 

approximately 1.09 ha, the buffer strip should be about 60 m. However, they admit that 

their approach does not consider edge effects such as microhabitat changes, prédation, etc. 

Gomez (1992) suggested that riparian management zones should be at least 75 to 100 m on 
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each side of the stream to maintain sufficient habitat for S. bendirii. Zuleta (1993) 

recommended that riparian corridors between protected areas in the Lower Mainland 

should be 200 m wide. Measures to facilitate movement across barriers (i.e. roads) should 

also be implemented. Stream Management Zones should be determined in relation to the 

full range of species that use them as habitat and as corridors. 

A detailed study of the effects of fragmentation (patch size and shape, isolation, edge 

effects) on S. bendirii distribution and abundance is necessary. Current riparian 

management guidelines seem insufficient to conserve S. bendirii habitat. Questions such as 

habitat size requirements, dispersal ability, and density fluctuations should be addressed 

(Muhlenberg et al. 1991). Such information would provide guidelines to insure the 

persistence of S. bendirii populations. The study should include edge effects and the role 

of domestic cats as predators of S. bendirii. Future studies on S. bendirii should use 

live-trapping techniques to monitor movements, survival and to avoid removing individuals 

of this already rare species. 

J. EVALUATION AND PROPOSED STATUS 

The most recent survey of small mammal populations in the Lower Mainland of B.C. 

showed that S. bendirii is extremely rare (Zuleta and Galindo-Leal 1993). Fifty five 

locations within or adjacent (< 100 m) to riparian habitats were sampled with a total of 

19,810 trap-nights. Only three S. bendirii (n = 999 small mammals) were caught; each 

individual was found in a different location more than 35 km apart from the other with no 

continuous habitat between them. Two sites were north of the Fraser River: North Hoy 
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creek (in the municipality of Coquitlam) in an area with little lowland habitat available and 

rapid urban development, and Davis creek (in Dewdney-Allouette District) where suitable 

habitat might be more available. These two sites were at the edge of large and contiguous 

forest. The third site, south of the Fraser, was Fergus creek in White Rock, in a relatively 

undisturbed forest fragment with a number of mature forest attributes. 

S. bendirii has been assigned to a high risk category in the Pacific Northwest of the 

United States (Lehmkul and Ruggiero 1991). This category includes species with low 

frequency of occurrence, low abundance, small body size and low vagility, since these 

characteristics lower their chances of persistence and recolonization. In British Columbia, 

it is difficult to determine the status of Sorex bendirii because of the lack of specific studies 

to answer this question. However, it is clear that a large portion of suitable habitat has 

been lost to urban development. Persistence of small populations and recolonization of 

empty habitats become considerably more difficult in urban and suburban landscape where 

habitat loss and isolation are permanent. In turn, rapid population growth and continuous 

urbanization will continue to reduce habitat availability, suitability and spatial distributions. 

We recommend that S. bendirii bendirii be designated by COSEWIC in the category 

of THREATENED since more information is needed to establish its status as 

ENDANGERED. 
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Figure 1. Geographical distribution of Sorex bendirii (modified from Hall 1981) . 

Figure 2. Distribution of Sorex bendirii in British Columbia derived from all known museum 

records and recent field surveys (provided by D. Nagorsen). UTM coordinates on both axis 

(x 103). 

Figure 3. Example of fragmentation in southeastern Langley (Modified from Catts et al. 

1993). Areas where Sorex bendirii was captured are enclosed in circles: A = Aldergrove 

in 1930 (n=l) and B = Peardonville in 1929 (n=8). 



Figure 1. Geographical distribution of S. bendirii (modified from Hall 1981) 



Figure 2. Distribution of Sorex bendirii in British Columbia. Derived from all known 
museum records and recent field surveys. UTM coordinates on both axis (x 103). 
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Figure 3. E x a m p l e of fragmentation in southeastern Langley (Modified from Cook 
et al. 1993). Areas where Sorex bendirii was captured are enclosed in circles 
A = Aldergrove in 1930 (n=l) and B = Peardonville in 1929 (n=8). 


