
Differences in the Ability of Abstract.-Three trapping techniques for small 
mammals were used in 47 studv stands in northern 

Vegetation Models to Predict California and southern Oregon and resulted in 
different capture frequencies by the different 

Small Mammal Abundance techniques. In addition, the abundances of 
mammals derived from the different techniques if ferent Aged Douglas- Fir produced vegetation association models which 
were often quite different. Only the California red- 
backed vole (Clethrionomys californicus) showed 
any association with stand age, and no species had 

Habitat association patterns have 
been presented for many small mam- 
mal species (e.g. Rosenzweig 1973, 
M'Closkey 1975, Dueser and Shugart 
1978, MacGracken, et al. 1985). In 
most instances, models representing 
habitat use have been derived for a 
single species using a single trapping 
technique. Most community based 
studies have also used a single trap- 
ping technique. Individual species, 
however, have different sensitivities 
to capture, making it difficult to com- 
pare capture rates across species (Se- 
ber 1981). 

To better understand the habitat 
associations across a sequence of for- 
est ages in the Pacific Northwest, we 
studied the population status in se- 
lected forest stands in northern Cali- 
fornia and southern Oregon during 
summer and fall of 1984 and 1985. 
This study was part of a U.S. Forest 
Service research project extending 
from northern California through 
Oregon and north into Washington 
(e.g. Ruggiero and Carey 1984, 
Manuwal and Huff 1987). The im- 
pacts of the harvesting of old-growth 
forests on vertebrate populations in 
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this area are uncertain (Hagar 1960, 
Raphael and Barrett 1984, Raphael et 
al. in press). 

We trapped mammals over a gra- 
dient of different-aged forest stands 
using three techniques. Our primary 
objectives were: (I) to determine if 
the relative abundance of each spe- 
cies differed between the stands; (2) 
to determine which habitat variables 
were associated with the relative 
abundances of each species; and (3) 
to study the efficiency of different 
trapping techniques. In this paper we 
discuss differences in habitat models 
derived from different techniques for 
the five most abundant species of 
small mammals. 

Methods and Materials 

Study Area 

We selected 47 study standsin three 
regions of northwestern California 
and southwestern Oregon. These 
stands represented a successional 
gradient typical of the Douglas-fir 
communities of the region. Stands 
ranged in elevation from 414 m to 
1,556 m. and were generally domi- 
nated by Douglas-fir in association 
with tanoak (Lithocarpus densiflora) 
and madrone (Arbutus menziesii). 
Three low elevation stands had a 
red wood (Sequoia semperm'rens) com- 
ponent; four high elevation stands in 
the Cave Junction region were domi- 

nated by white fir (Abies concolor). 
Fifteen stands were located at each 

of three regions (in the vicinities of 
Branscomb and Willow Creek, Cali- 
fornia, and Cave Junction, Oregon), 
with an additional 2 stands at Butte 
Creek, near Dinsmore, California. 
These stands were divided into three 
age classes based on core samples of 
2 to 10 of the dominant Douglas-firs 
in each young and mature stand (up 
to approximately 180 years of age) 
(B. Bingham, USFS Pacific Southwest 
Station, pers. commun.). In old- 
growth stands, tree cores could not 
always be taken because of large tree 
size and rotten tree cores, thus some 
stand ages were based on rings 
counted on stumps in adjacent 
clearcuts, along roads, or on core 
samples provided by local Forest 
Service offices. Each forest stand was 
assigned to one of three age classes: 
young forest c 100 years; mature for- 
est 100-180 years; and old-growth 
forest, > 180 years. Those that were 
classified as old-growth forest were 
further classified as to moisture re- 
gime: dry, mesic, or wet, based on 
species composition and percent 
cover of the herb and shrub layers of 
the stand (B. Bingham, pers. com- 
mun.). All young and mature stands 
represented the modal, or mesic 
moisture class. 

An index to the yearly solar radia- 
tion was derived by the method of 
Frank and Lee (1966), which is based 
on slope, aspect, and latitude. Values 
are largest on south-facing, moderate 
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slopes, and lowest on north-facing, 
steep slopes. 

Mammal Trapping 

A single trapping grid for snap/liv- 
etrapping was established in each 
stand in 12 rows, with 12 trap sta- 
tions per row. Trap stations were 
placed at 15-meter intervals resulting 
in a grid 165 m x 165 m. Each stand 
was relatively homogeneous, and 
grids located in each stand were, in 
most cases, separated from different 
habitat types by at least 100-m of the 
same habitat. 

In 1984, two snaptraps ("Museum 
Special") were placed in 1984 at each 
trap station within 1.5 meters of the 
grid coordinate on all 47 stands. Six 
stands were trapped simultaneously 
(two in each region) for five days 
(four nights) until all stands were 
sampled (July 3 to August 31). In 
1985, a single Sherman livetrap (7.6 x 
8.9 x 22.0 cm) was used at the same 
stations on 43 of the stands; six 
stands again were trapped during 
each five-day session from July 9 to 
August 30. We did not livetrap four 
stands (two in Branscomb area and 
two in Cave Junction area). In both 
years, each hap was placed along- 

side downed logs, brushy vegetation, 
or rodent runways. Baited with pea- 
nut butter and oat groats in 1984, and 
oat groats and sunflower seeds (3:l 
ratio) in 1985, the traps were left in 
place for four nights. We feel that the 
four nights of trapping did not sig- 
nificantly alter populations between 
years. In the analyses below, we stan- 
dardized captures to the number per 
1000 trap-nights. 

We used pitfall traps to sample 
small mammal populations on all 47 
stands during both 1984 and 1985. A 
pitfall grid consisted of six rows of 
six pitfall traps per row at 15 m spac- 
ing in each stand. Grids were located 
usually more than 100 m from snap 
and pitfall grids. Traps were two No. 
10 cans taped together and sunk until 
the top was flush with the ground. A 
funnel collar to prevent animals from 
escaping was made from a margarine 
container with the bottom cut out. 
We propped a cedar shake 3-4 cm 
above the opening to the pitfall trap 
to act as a cover. 

Traps were examined at 5-day in- 
tervals for 50 days in October and 
November 1984, and for 30 days in 
October 1985. In the analyses that 
follows, we used the number of 
mammals captured unstandardized 
for effort. 

The complication that not all c a p  
ture methods were used in both 
years of the study, resulted in an un- 
known year-effect that may influence 
capture frequency. Despite this prob- 
lem, we feel that the data are instruc- 
tive as to the variety of models pro- 
duced, and the implications for in- 
vestigators. 

Vegetation Sampling 

Vegetation for each snap/livetrap 
grid was measured on 16 plots over- 
laying the 144 trap stations. Nine 
vegetation plots were uniformly dis- 
tributed among the 36 pitfall stations. 
Vegetation and structure were meas- 
ured in 5.6 m and 15 m radii circular 
plots. On each plot, we recorded: 
percent cover of ground cover vari- 
ables (i.e. rocks, woody debris); per- 
cent cover of vegetation at five height 
strata; and counts of trees and snags 
in varying size classes. 

We averaged the percent cover 
values for 25 vegetation stations (16 
in the snap/livetrap grids plus nine 
stations in the pitfall grids), to obtain 
mean values of percent cover for 11 
ground cover variables and 24 spe- 
cies of plants (or groups of species) 
in each of the 47 stands (table 1). We 
combined some taxa into genera 
prior to calculating means: the true 
firs (Abies spp.), alders (Alnus spp.), 
huckleberries (Vaccinium spp.), live 
oaks (Quercus spp.), manzanita (Arte- 
mesin spp.), various roses (Rosa spp.), 
and Rubus spp. The vegetation data 
were vertically stratified into five 
levels: ground (0-0.5 m), shrub level 
(>0.5-2.0 m), mid-canopy b2.0 m- 
midlevel), canopy (those trees at the 
average height of the stand), and 
supercanopy (those trees substan- 
tially above the canopy). Mean val- 
ues for cover by stand were com- 
bined into two strata: "understory" 
included ground and shrub layers, 
while "canopy" incorporated mid- 
canopy, canopy, and supercanopy. 

The small and medium trees ( ~ 5 0  
cm dbh) were counted on a 5.6 m cir- 



cular plot, while large trees b 5 0  cm 
dbh) were counted on a 15 m circular 
plot. The counts of 18 species of trees 
were averaged over the stations for 
each grid and were used in an all- 
subsets regression. 

Analyses 

We used one-way analysis of vari- 
ance (ANOVA) to evaluate differ- 
ences in mammal abundances rela- 
tive to three stand age classes, three 
moisture classes of the old-growth 
stands in each of the three regions 
(Branscomb and Butte Creek area, 
Willow Creek area, and Cave Junc- 
tion area). 

These analyses were done on the 
three separate sets of data, without 
reference to the each other. Interac- 
tion among the factors was ignored 
in these analyses. When significant 
differences were found among cap- 
ture frequencies of individual species 
by classes of: age, moisture, or study 
area, a multiple comparison test was 
used to determine which of the 
groups were significantly different. A 
Tukey test (Zar 1984:186) was per- 
formed if variances were found to be 
equal, while a Games and Howell 
modification was used in the case of 
unequal variances (Keselman and 
Rogan 1978). 

Pearson product moment correla- 
tion coefficients were calculated be- 
tween capture frequencies for each 
combination of trapping techniques 
and between capture frequencies and 
vegetation means over all stands. 
Variables from ground cover, herb 
and shrub cover, and canopy trees 
were included in all-possible-subsets 
regression analyses for each small 
mammal species when a significant 
correlation existed with capture fre- 
quency from any capture technique. 
Five-variable models were selected 
for each species when greater than 
100 individuals were captured by a 
particular technique. Vegetation vari- 
ables were excluded when found on 
less than 25% of the stands. 

Results and Discussion study, though several were repre- 
sented by only a few individuals 

Twenty-three species of small mam- (table 2). The three techniques dif- 
mals were captured during the fered in their effectiveness in captur- 



ing different species of mammals. 
Five species had sufficient captures 
(2 100 individuals or more, by one or 
more of the trapping techniques) to 
undergo intensive analyses. These 
were the California red-backed vole, 
deer mouse, pinyon mouse, Trowbr- 
idge's shrew, and the combined chip- 
munk species. 

Associations with Area, Age, and 
Moisture Class 

Most mammals were found in all 
three areas, with the exception of 
three species with only 1-2 captured. 
The California red-backed vole had 

significantly fewer captures in the 
more southerly Branscomb region 
than in the central and northern re- 
gions (table 3). The vole's abundance 
was significantly correlated with true 
firs (r = 0.46, P < 0.051, which were 
found on 11 stands in the north and 
no stands in the south. The two mice 
(Peromyscus) species exhibited the 
opposite trend with captures signifi- 
cantly greater in the south than in the 
north. The pinyon mouse was corre- 
lated with solar index which is gen- 
erally greater in the southern area. 
The shrews and chipmunks were 
found equally in all areas. 

The red-backed vole was the only 
species to have a significant associa- 
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Figure 1 .-Captures of California red-backed voles per 1000 trapnighk in a study of srnall 
mammal abundance relative to stand age, 1984- 1985. BR = Branscomb stands, WC = Willow 
Creek stands, CJ = Cave Junction stands. 

tion with age of the forest stand (P < 
0.01). This confirms the study of Ra- 
phael and Barrett (1984) and Raphael 
(this volume) in the Willow Creek 
area. Our capture frequency was 
fairly low in stands aged at less than 
150 years, while greater densities 
were evident in many older stands 
(fig. 1). No such relationship was 
found for the deer mouse, although 
Raphael and Barrett (1984) earlier 
showed a significant association with 
age in the Willow Creek area. 

We tested the abundance of small 
mammals in the three moisture 
classes of old-growth forests: dry, 
mesic, an wet. Among the five mam- 
mal species with large sample sizes, 
there were no differences in capture 
frequency according to the various 
moisture classes. 

Therefore, we found that within 
our study areas in the Douglas-fir 
type, there were few significant or 
strong associations between five 
small mammals and age of the forest 
stand. The stands chosen to represent 
the different age and moisture 
classes in this study were all natu- 
rally occurring. The young stands 
originated from fire or other cata- 
strophic events, rather than by tim- 
ber harvest, and therefore often were 
heterogeneous in character with 
structural and floristic components 
similar to old-growth stands. Scat- 
tered old trees and abundant dead 
and down material were sometimes 
present in young stands, characteris- 
tics which are absent from stands 
that originated from clearcuts; results 
in even-aged stands may be very dif- 
ferent. 

Effectiveness of Capture 

Captures of small mammals varied 
greatly by trapping technique (table 
1). The two mice were most effec- 
tively captured by baited snap and 
livetraps. Very few individuals were 
collected in unbaited pitfalls. Microt- 
ine voles, shrews, and moles were 
trapped most efficiently by the pitfall 



traps and somewhat by snaptraps. 
Sciurids and woodrats were cap- 
tured almost exclusively by livetraps. 

We correlated the captures of each 
species by the different techniques. 
We found significant correlation be- 
tween capture frequencies only in 
those techniques effective at sam- 
pling large numbers of a particular 
species (table 4). Demonstrating the 
closest agreement between tech- 
niques were the pinyon mouse ( r  = 
0.88 between snap and livetraps) and 
the vole (r = 0.73 between the two 
years of pitfall traps). The Trowbr- 
idge's shrew, on the other hand, 
showed no relationship between cap- 
tures by pitfalls and snaptraps (r = 
0.141, or pitfalls and livetraps (r = 
0.09). Biological interpretation of 
such varied results may be very diffi- 
cult, as discussed in the following. 

Vegetation Models 

Depending on which method was 
used to predict the dependent vari- 
able, we obtained very different 
vegetation models, potentially result- 
ing in very different biological inter- 
pretations. Models from snap and 
livetrapping show that areas with 
high captures of pinyon mice were 
characterized by high densities of 
pacific madrone and tanoak, high 
solar index, and bare soils (9 = 0.64 
and 0.65) (table 5). Four of the five 
habitat variables were identical in 
both models suggesting that within 
our study area, the pinyon mouse 
used dryer, southern exposures with 
exposed soils and large amounts of 
hardwoods. 

Models developed for the Trowbr- 
idge's shrew from snaptrap and pit- 
fall methods were quite different 
(table 6). Only one variable was in- 
cluded in both models, and the asso- 
ciation with dogwood trees switched 
from negative to positive. Both mod- 
els included some indication of 
greater use of older stands, i.e., the 
model using snaptrap data included 
well decayed logs and the livetrap 

model incorporated the decomposed 
litter layer, representing a well devel- 
oped layer of organic soil. The incon- 
sistency in these vegetation models 
was predicted by the lack of correla- 
tion between capture frequencies by 
the two techniques. It appears that in 
our Douglas-fir habitat type, the 
shrew may be broadly distributed, 
independent of finer vegetation com- 
position. 

Models for the red-backed vole 
developed from capture frequencies 
associated with different trapping 
techniques (table 7) were more simi- 
lar than those for the shrew, but less 

similar than those for the pinyon 
mouse. In models developed from 
snap and livetrap captures, three of 
the five variables were selected by 
both models. Models from pitfall and 
snaptrap data shared two of the five 
variables selected. Models from pit- 
fall and livetrap capture data also 
shared two of the five variables se- 
lected, but one of these variables 
switched from a positive to a nega- 
tive association. Only the response to 
an abundant herbaceous layer was 
consistent in models from all three 
trapping techniques. Interpretation 
of the snaptrap model suggests that 



the vole is associated with a fairly 
moist habitat (abundant herbs and 
presence of huckleberry). The pitfall 
model also suggests an association 
with a moist habitat (more herbs and 
lichens and less solar index). The liv- 
etrap model includes some indication 
of moist habitats (herbs, Rosa spp., 
and huckleberry) but also a sugges- 
tion of a dryer habitat (solar index). 

The deer mouse, despite its abun- 
dance, had large differences between 
variables selected in habitat models 
(table 8). Its relative abundance did 
not appear to be associated with the 
same habitat variables in the same 
way for the three different trapping 
techniques. Only two of the 12 vari- 
ables selected in these models were 
included in more than one model 

with the same sign (avoidance of 
Rosa spp. and preference for areas 
with California laurel). Model dis- 
parity may, of course, simply indi- 
cate that one or more of the tech- 
niques estimated the dependent vari- 
able with considerable bias, thus pro- 
ducing an erroneous model. 

The chipmunks were captured pri- 
marily by livetrapping. The resulting 
5-variable model suggests that chip- 
m u n k  were more c%unon in the - 
true fir stands at high elevation that 
had an understory of live oaks and 
huckleberries (table 9). 

While we are sure that there 
would be some seasonal differences 
in the habitat association patterns 
from autumn captures in pitfalls and 
summer captures in snap and liv- 
etraps, we suggest that this seasonal 
effect would be much less than the 
differences that we noted, because of 
the relatively low vagility of the 
small mammals involved. 

All capture methods are assumed 
to sample individuals of a given spe- 
cies at some unknown proportion of 
their true abundance. These propor- 
tions, within a species, likely differ 
by capture method. If the capture ef- 
ficiency of all methods were consis- 
tent across sampled areas, then the 
rank correlation of abundance be- 
tween methods should be close to 
1.0. However, for most species that 
we studied, correlations of capture 
frequencies between methods were 
low and the ranking of stands based 



on capture frequencies varied con- 
siderably depending on technique 
used. This suggests that the assump- 
tion of a constant proportion of cap- 
tures, within a given method, across 
sampled areas was violated. 
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