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SMALL MAMMAL POPULATIONS AFTER A WILDFIRE
IN NORTHEAST MINNESOTA

Richard R. Buech, Wildlife Biologist
North Central Forest Experiment Station, St. Paul, Minnesota

Karl Siderits, Forest Biologist
Superior National Forest, Duluth, Minnesota

Robert E. Radtke, Wildlife Biologist
Eastern Region, Forest Service, USDA, Milwaukee, Wisconsin

Howard L. Sheldon, Forest Biologist
Chequamegon National Forest, Park Falls, Wisconsin

and Donald Elsing, Forest Biologist
* Superior National Forest, Duluth, Minnesota

Many studies have been done on small mammal
populations following both wildfires and pre-
. scribed burns but only one, that of Krefting and
Ahlgren (1974), pertains to wildfire in a forest
~ community typical of northern Minnesota. The
'Roy Lake Fire provided an excellent opportunity to
study the impact of extensive and severe wildfires
on small mammal populations. This 1,368 ha fire
occurred within the Boundary Waters Canoe Area
of the Superior National Forest in the northwest
tip of Cook County in northeast Minnesota in late
August 1976. The study was limited to the most
severely burned portions.

- METHODS

_Small mammal populations were assessed in
- three community types: aspen-fir-spruce, jack
pine, and black spruce-jack pine. For each com-

munity (except the black spruce-jack pine), two

areas were chosen for data collection—one severe-
ly burned during the Roy Lake Fire and the other a
comparable control area outside the fire perime-
ter. A control area was not available for the black
spruce-jack pine community, but because of simi-
larities in understory composition, the jack pine

control area was used for both the jack pine and

black spruce-jack pine burn areas. Two small

mammal assessment lines, spaced 120 m apart,
were centrally located within each area. Each as-
sessment line consisted of 25 stations spaced 15 m
apart, with 2 snap traps located at each station.
Where it was not possible to maintain a straight
line and still remain within severely burned por-
tions, the lines were ‘dog-legged’ in the cardinal
direction away from the other assessment line.

The snap traps, 100 on each of the 5 areas, were
baited with peanut butter on August 31, 1976.
Traps were checked September 1 and 2, 1976, in
the black spruce-jack pine burn area (total
trapping effort equalled 100 trap station nights)
and September 1, 2, and 3, 1976, in the other four
areas (total trapping effort in each equalled 150
trap station nights). The traps were removed on
the last day. The following information was re-
corded for each capture: species; capture location;

- weight; total length and length of the tail, hind-

foot, and ear; sex, testes position, and size of
nipples. Individuals were subsequently assigned
to one of three age classes on the basis of body
weight as defined by Buech (1974) (table 1).

Unless otherwise indicated, capture indices
(C.L.) are based on the number of captures/1,000
trap station nights. A trap station night consisted
of two traps set at a station for 24 hours.



‘Table 1.—The weight-class limits used to define
age class for three species

Capture Indices

The highest capture index (C.1.) for each species

(In grams) was 900 for the red-backed vole, 240 for the deer
: mouse, 47 for the masked shrew, 27 for the rock
. pe 2 Ju ile : Subadul :_Adul ’ ’

Southern'sre::itf:lcked vole RS TR TR T vole, and 7 for the least chipmunk. The highest
D‘Czeﬁ”» tonomys gappert) index for all species combined was 1,207 in the

eer mouse . 16 16 to 21 >21 N
(Peromyscus mariculatus) . aspen-fir-spruce control area, followed by 580 in
N e ous) <25 2.5te3.9  >3.9 the jack pine control. The dominant species in

RESULTS
Species Captured

On all areas combined, a total of 313 individuals
were captured during 700 trap station nights
(table 2). The five species that were caught, in de-
creasing order were: the southern red-backed vole

- (Clethrionomys gapperi), deer mouse (Peromys-
cus maniculatus gracilis), masked shrew (Sorex
cinerius), rock vole (Mecrotus chrotorrhinus), and
least chipmunk (Eutamias minimus). Red-backed
voles were captured on all areas, deer mice and

" masked shrews on both burn and control areas in
the aspen-fir-spruce and jack pine communities,

" .rock voles on the aspen-fir-spruce control, and

least chipmunks on the aspen-fir-spruce and jack
pine control areas. None of the captured individu-
als showed any sign of fire-related injury.

both the aspen-fir-spruce and jack pine control
areas was the red-backed vole. The deer mouse
was also abundant in the aspen-fir-spruce control
but was not abundant in the jack pine control.
Other species in the aspen-fir-spruce and jack
pine control areas were comparatively low. In
general, the aspen-fir-spruce community support-
ed the highest number and diversity of small
mammals, followed by the jack pine and black
spruce-jack pine communities.

In the aspen-fir-spruce and jack pine communi-
ties combined, the number of individuals of all
species captured in burned areas averaged 16 per-
cent of that in control areas—13 percent for the
red-backed vole, 25 percent for the deer mouse,
and 33 percent for the masked shrew. By
community type, this percentage was highest for
red-backed voles and masked shrews in aspen-fir-
spruce community, and for deer mice in the jack
pine community. In fact, in the jack pine commu-
nity, the number of deer mice captured in the
burned area exceeded that captured in the control.

Table 2.—Small mammal populations in burned and control communities of
three different types on the Roy Lake Fire expressed by capture index
(C.I. =captures/1,000 trap station nights)

Community type |
: : Black - :Aspen-fir-
) . Total Aspen-fir-spruce Jack pine . aai :ptuce : pez ir spruéa
Speciles ¢ captures : H H : H H H tBurn H
: : Burn : Control : BUTD & Burn ; Control ; Burn : Burn $Jack pineg Burn
s . . control , s _ jcontrol : control control
. c.I, C.I, Percent C,I, c.I. Percent C,I, Percent Percent
Red-backed vole- 241 147 900 16 40 500 8 20 4 13
Deer mouse 50 20 240 8 47 27 175 - - 25
Masked . shrew 16 13 33 40 13 47 29 - - 33
Rock vole 4 - 27 0 - - - - - 0
Least chipmunk 2 - 7 0 - 7 0 - - 0
TOTAL ) 313 180 1207 15 100 580 17 20 4 16

1z cbntrol was not obtained, but due to similarities in the understory, values from the jack pine control were
used for comparison.



Age Class Distribution

Age class distribution, mean body weight, sex
ratio, and reproductive data all provide useful in-
~ formation for interpreting the source of popula-
tions on burned areas, i.e., were individuals pre-
fire residents, postfire immigrants, or a combina-
tion of both? For all community types combined,
the age class distribution of the red-backed vole
and masked shrew was similar between burned
and control areas (table 3). For red-backed voles,
subadults and adults codominated the age class
distribution and juveniles were few. For masked
shrews, all- but one capture were subadults.
However, for deer mice, no adults were captured,
and although juveniles and subadults were equal
on both control areas combined, juveniles pre-
dominated on the burned areas.

~ Mean Body Weight

For red-backed voles and deer mice the mean
body weight of individuals captured on the burn
and control areas was similar (table 4). Although

.mean weight for all types combined was slightly
less on burned areas for both species, it was not
~ significant. :

Sex Ratio

Where sample size was adequate, a chi-squared
test was used to detect differences from an ex-
pected 50:50 sex ratio and also between the
burned and control areas by assuming that the
ratio observed on burned areas would be similar
to their controls. The data for all communities
combined indicates that there were nearly equal
numbers of red-backed vole males and females on
burned areas, but there was a significant prepon-
derance of females on control areas. In contrast,
male deer mice were more abundant on burned
areas, while the male to female ratio was nearly
equal on control areas (table 5). The data
comparing the sex ratio observed in the burned
area with that of its respective control was ade-
quate only for red-backed voles. These data indi-
cate that for all types combined, the sex ratio ob-
served on burned areas was not significantly
different from that observed on control areas.

Reproduction

Males were considered reproductively active if
they had scrotal or ascending testes and females if
they had medium or large nipples. The red-backed
vole was the only species that showed evidence of

Table 3. —Age class distribution on burned and control areas of three
community types

) Age class
Comtl:nunity ' Area Juvenil; - Subadult : Adult Unknown
i ype : H ¢ Tota : H H H H H
. N ;. Captures , captures : Captures : cgogga%es . Captures : cggogl:%es . Captures , 2:;:3;:“
Mumber Percent Number Percent Number Percent Number Percent
N ) Red-backed vole
Aspen-fir . Burn 1 5 11 50 10 45 - -
spruce Control 9 7 58 43 63 47 5 4
Jack pine Burn 1 17 3 50 2 33 - -
e - Control 4 5 43 57 28 37 - -
‘Black spruce-  Burn - - 1 33 2 67 - -
jack pine Control! - 5 - 57 - 37 - -
Total Burn 2 6 15 48 14 45 - -
~all types -  Control 13 6 - 101 48 91 43 5 , 2
A Deer mouse
Aspen-fir Burn 3 100 - - - - - -
spruce Control 17 47 19 53 - - - -
Jack pine Burn 5 71 2, 29 - - - -
c Control 3 75 1. 25 - - - -
| Total. Burn 8 80 2, 20 - - - -
all types -  Control . 20 50 20. 50 - - - -
. Masked shrew
Aspen-fir Burn - - 2 100 - - - -
‘spruce Control - - 4- 80 1 20 - -
| Jack pine - Burn - - 1. 50 - - 1 50
o Control - - 7, 100 - - - -
Total all" Burn - - 3 75 - - 1 25
types Control - - < 11 92 1 8 - -

'A control was not obtained, but due to similarities in the understory, values from the jack pine control

were used for comparison.



Table 4.—Mean body weight of the red-backed vole and deer mouse by
community type and area

: B Red-backed vole : Deer mouse
H H : Mean H H ¢ Mean :
Community type . Area : Observations : body : Standard : Observations : body  : Standard
: H : : weight : error H : weight : error
. Tanber Grams Number 6#3
Aspen—fir-spruce Burn 22 19.4 0.9 3 14,7 0.3
o Control 112 20.8 0.5 28 15.9 0.3
Jack pine Burn 6 17,7 1.0 7 15.4 0.8
: 3 Control 73 20,0 0.7 4 15.1 0.8
‘Black spruce- Burn 3 20.9 1.8
Jjack pine Control! 73 20.0 0.7
All types Burn ) § 19.2 0.7 10 15,2 0.5
. combined Control 185 20.5 0.4 32 15,8 0.3

1A control was not obtained, but due to similarities in the understory, values from the jack
pine control were used for comparison.

Table 5.—Sex ratios of the red-backed vole and deer mouse on burned and
" control areas of three community types. A chi-squared test was used to
compare the sex ratio with an expected 50:50 ratio, and the ratio on the burn
with its respective control

, : : : : x* . . x°
Community type “: Area : Male : Female : Unknown : Total : Male - 50:50 P . Burn: P
. : : : sex H ¢ Ratio : Control :
_______ NMunber — = = = = = = Percent
. Red-backed vole
-| Aspen-fir-spruce Burn 12 10 0 22 55 - - - -
: : Control 46 85 4 135 35 11.611  *,999
Jack pine _Burn 2 4 0 [3 33 - - - -
] Control . 33 41 1 75 45 .865 .648
-Black spruce- Burn 1 2 0 3 33 - - - -
jack pine Control? - - - - 45 - - - -
All types Burn 15 16 0 31 48 .032  ,143 1,270 .740
‘combined Control 79 126 5 210 39 10.776 %.999
Deer mouse
Aspen-fir-spruce  Burn 3 0 0 3 100 - - - -
Control 19 15 2 36 56 471,507
Jack pine Burn 4 3 0 7 57 - - - -
Control 1 3 0 4 25 - -
.Black spruce- Burn - - - - - - - -
jack pine Control? - - . - - - - -
"All types. Burn 7 3 0 10 70 - - - -
combined Control 20 18 2 40 53 .105 254

IThe proportion of males was based on the total number of individuals for which sex could be determined.
"2A control was not obtained, but due to similarities in the understory, values from the jack pine control
-were used for comparison.
3Significant at the 0.95 level of probability.

reproductii/e activity, thus the analysis was re-.
stricted to this species. For the aspen-fir-spruce
and jack pine communities combined, the number
of reproductively active males and females was
equal at about one-fourth of the total population
and similar between burned and control areas
(table 6). The data comparing reproductively
active individuals to the adult segment of the
population was similar, except it amounted to
about one-half of the adult population.

DISCUSSION

Population Characteristics
not Related to Fire

The C.I. of 900 for red-backed voles, 240 for
deer mice and 47 for masked shrews show that
populations were high in control areas. Although
methods varied, the highest C.I.’s reported from



other studies in northern Minnesota were either
comparable or lower. For example, Beer et al.
(1973) reported C.1.’s of 19 for red-backed voles, 8
for deer mice, and 5 for masked shrews, during
. the summer of 1969 in several different forest
communities. In mature aspen-birch communi-
ties, Beer (unpublished data) found that for a
period of 21 years, C.I.’s (per 1,000 trap nights)
for red-backed voles ranged from 3 to 37 with an
average of 11, and for deer mice they ranged from
'16 to 135 with an average of 49. For a 4-year
period after the Little Sioux Fire, Buech (unpub-
lished data) obtained C.1.’s (per 1,000 trap nights)
up to 243 for red-backed voles and up to 130 for
deer mice. For a 4-year period in a mature jack
pine stand, Ahlgren (1966) obtained data that in-
dicated C.I.’s of up to 750 for red-backed voles
and 350 for-deer mice.

Further evidence that red-backed vole popula-
tions were high is suggested by the age class dis-
tribution. Krebs et al. (1969) noted that increasing
and peak populations of Microtus are charac-
terized by large adults. More than 40 percent of
the red-backed voles captured in our study
weighed more than 19 grams and 20 percent (8
percent males) weighed more than 25 grams. By
comparison, during September in an increasing

. population of red-backed voles, Buech (1974)

found few males more than 19 grams and none
more than 25 grams. Thus, for this time of year,

the proportion of large-sized adults on the Roy
Lake Fire was high. In addition, one half of the
adults showed signs of reproductive activity, and
although none were pregnant, 7 percent of all
captures were females weighing more than 30
grams. Thus, although they were reproductively
active in early September, the lack of pregnancies
indicates activity would probably cease by the end
of September, which is similar to what Buech
(1974) found. To summarize, the population of
red-backed voles was high and contained many
large-sized adults that were still reproductively
active. Although breeding was near completion,
the number of lactating females suggests that the
population would increase when their litters
entered the trappable population.

Although C.1.’s indicate that the deer mouse
was abundant, there was a curious lack of
adult-sized individuals and because none were
reproductively active, little further increase would
be expected during autumn. In contrast, in
September during a population high, Buech (1974)
found a large ratio of adult-sized individuals,
some of which were still reproductively active.

The diversity and abundance of small mammals
on the aspen-fir-spruce control was expected
because of the vegetation structure and diversity.

Table 6.—The number of males with scrotal or ascending testes and the
number of females with medium or large nipples on the burned and control
aréas of three community types for the red-backed vole

Males Females
. : H H H ¢ Medium- : Medium-
Cymmunity type Area : Total : Scrotal : Scrotal : Total : large ¢ large
: : testes : testes : nipples : nipples
- - = Number - - - Percent - - - Number - - - Percent

Aspen-fir-spruce Burn 12 3 25 10 4 40
: Control 46 8 17 85 18 21

Jack pine Burn 2 0 0 4 0 0

Control 33 11 33 41 13 32

Black spruce- Burn 1 1 1 100 2 1 50

~ jack pine Control 33 32

Aspen-fir-spruce Burn 14 3 21 14 4 29
and jack pine Control 79 19 24 126 31 25

" Combined (all ages)

Aspen-fir-spruce Burn 4 1 25 7 4 . 57
and jack pine Control 36 17 47 55 31 56
combined
(adults only)

1A control was not obtained, but due to similarities in the understory, values
from the jack pine control were used for comparison,



Vegetation sampling in the shrub, herbaceous,
and moss layers of the aspen-fir-spruce and jack
pine control communities indicated major differ-
. ences in species composition and density.l The
biomass of shrubs and seedlings in the aspen-fir-
spruce control was more than four times the
amount in the jack pine control area. Similarly,
herbaceous biomass in the aspen-fir-spruce
control area was more than three times that in the
jack pine control ‘area. However, the jack pine
control area supported a moss-lichen layer with
twice the biomass of that found in-the aspen-fir-
spruce control. In both areas, though, the
moss-lichen layer was the dominant component,
after trees, in total biomass.

During a. population low, Beer et al. (1973)
found that small mammals were uniformly dis-
tributed among aspen-birch, birch, jack pine-
birch, and jack pine communities. This suggests
that the differences we observed between commu-
nities may not have existed if populations had
been much lower. Data from other studies also
.suggest that mature jack pine communities are
suitable for red-backed voles, although this may
be expressed only during population highs
(Ahlgren 1966, Sims and Buckner 1973, Krefting

- and Ahlgren 1974).

. The discovery of a population of rock voles is
particularly noteworthy. The existence of this
species in Minnesota is known from a single
specimen taken near Burntside Lake in St. Louis
County (Swanson 1945, Handley 1954) and a re-
cent discovery of a population north of Grand
Marais along the Gunflint Trail (Timm 1974). Our
'specimens identify a second recent population in
the State (Buech et al. 1977).

~ Impact of Fire on Small
‘Mammal Populations

Studies of small mammal populations following
wildfires and prescribed burns have revealed in-
stances in which individuals survived the fire
within the confines of the burn (Tevis 1956, Tester
1965, Lawrence 1966), escaped the fire by im-
migrating to unburned areas (Tevis 1956, Howard

1Siderits, Karl. 1977. Roy Lake Fire biological
administrative study. Unpublished report on file
at Superior National Forest, Duluth, Minnesota.

et al. 1959, Lawrence 1966), or died as a result of
fire (Tevis 1956, Chew et al. 1959, Tester 1965).
The survival of residents staying within the burn
itself has been associated with the existence of
small inclusions of unburned habitat (Tevis 1956,
Lawrence 1966). Data provided by Lawrence
(1966) and Howard et al. (1959) suggest that the
conditional lethal temperature range is about 120
to 145° F, depending on the relative humidity.
Other experiments by Lawrence (1966) suggest
that animals can survive as long as burrow con-
ditions permit vapor pressures below 40 mm Hg
and if their burrows are at least 3 inches below the
soil surface. Thus, these studies suggest that sur-
vival within the burn is contingent upon the uni-
formity, intensity, and duration of the burn with
survival being greater where the burn is incom-
plete in fuels of low density and high moisture
content.

Survival by emigration to unburned areas has
been noted both through direct observation (Tevis
1956, Howard et al. 1959) and inference through
the results of trapping (Tevis 1956, Lawrence
1966). However, these observations were made in
comparatively small prescribed burns. In ex-
tensive wildfires, this strategy may be less suc-
cessful for small mammals as evidenced by the
number of carcasses found by Chew et al. (1959)
in the extensive Malibou burn in southern Cali-
fornia. Thus, the importance of emigration to sur-
vival of resident small mammals probably
depends on the extent of the burn and the forward
rate of spread. -

The Roy Lake Fire occurred at the end of
August during an extreme drought in aspen-birch-
conifer communities. The fire was intense and
entirely consumed the foliage and fine branches in
tree crowns and organic material on the ground
down to mineral soil, especially on the slopes and
ridge tops. In spite of this, the variable topogra-
phy permitted some portions to escape burning
entirely or to burn only lightly, especially in de-
pressions and lowland areas. This lack of unifor-
mity was probably conducive to the survival of a
segment of the prefire resident population of
small mammals and to their continued postfire
existence on the trapped sites.

The time interval between the end of the burn
and the beginning of trapping was a little more




than 1 week. This allowed little time for immigra-
tion, especially to interior portions of this large
fire. However, it is possible that part of the
postfire population was composed of individuals

_that. moved in after the fire, or shifted their
location within the burned area. This is suggested
by the data for deer mice in the jack pine type,
where they were more abundant on the burn than
on the control area and where there was some
suggestion that males and juveniles were more
abundant on burned areas than would be expect-
ed. Thus the data may represent not only postfire
survival, but may also reflect ‘some other
population adjustment factor that operated after
the fire. These factor(s) however, did not statisti-
cally alter population attributes such as age class
distribution, mean body weight, sex ratio, or the
number of reproductively active adults from that
observed in control populations, especially for
red-backed voles. However, our sample size on
the burned areas was often too small to detect any

" statistical difference.

' The fire had a significant impact on the small
mammal population, reducing it to an average of
16 percent of the prefire population. By compari-

. son, Lawrence (1966) captured none on a large fire
some 32 days after it was out (although tag returns

. indicated some did survive). Data provided by
"-Cook (1959) indicate that 3 weeks after a large
chaparral fire, the residual population was only
about 2 percent in the grassland and 14 percent in
brushland when compared to control populations.
In smaller prescribed burns (up to 10 ha in size),
residual populations have been as high as 50
percent of their controls (Spencer 1956, Tevis
1956, Fala 1975). Our data are of the same
magnitude as those found in studies of large burns
where immigration from adjacent unburned areas
is not as extensive.

" In the aspen-fir-spruce and jack pine communi-
ties combined, the population of the red-backed
vole, an herbivore, was lowered more than that
of the deer mouse or the masked shrew. This
would be expected for a species whose primary
food and cover had been eliminated by fire. In
contrast, the higher postfire population of the
masked shrew, an insectivore, was unexpected,
because it seems that fire would reduce food and
cover important to their survival in a manner
similar to red-backed voles. However, the sample
size was small and there is no literature to corro-
borate this observation. The population of the

deer mouse, a granivore, was low on the aspen-fir-
spruce burned area, only 8 percent of its control.
In the jack pine community, however, their
abundance on the burned area exceeded that of
the control area. This can be explained by the
postfire jack pine and black spruce seedfall data
that estimated 68,000 viable seeds/ha in the
aspen-fir-spruce burn and 484,000 viable
seeds/ha in the jack pine burn .1

A severe reduction in herbivores and the inva-
sion of granivores following fire has been reported
(Tevis 1956, Cook 1959, Tester 1965, Ahlgren
1966, Sims and Buckner 1972, Krefting and Ahl-
gren 1974, Fala 1975). However, data provided by
Ahlgren (1966), Sims and Buckner (1972), and
Krefting and Ahlgren (1974) suggest that this will
be transitory. Depending on outside population
levels, red-backed vole populations should remain
low and deer mouse populations should decline in
the jack pine community until the end of the first
or possibly second growing season when the
ground vegetation recovers and begins to produce
seed. Then, deer mice should increase and at the
end of the third growing season red-backed voles
should begin to increase. Habitat should remain
more favorable for deer mice for about seven
growing seasons, after which it should become
more favorable for red-backed voles. The pattern
in the aspen-fir-spruce community should be
similar except the abundance of red-backed voles
and deer mice should remain low until the end of
the first or second growing season for deer mice
and the third growing season for red-backed
voles.

Because the Roy Lake Fire occurred in early
fall, revegetation will not occur until the following
spring. By this time, the lack of food and cover
and winter mortality should reduce red-backed
vole populations to even lower levels and they
should remain low for several years. Thus, this
species should not be a significant factor in the re-
forestation of any of the three communities, in
spite of the high current population. Although the
same may not be true for deer mice, the lack of
vegetation, winter mortality, and the fact that
reproductive activites for the year were complete
should hold down their spring population. This
would be important to natural reforestation of
areas where seedfall was light. However, because
seedfall in the jack pine and black spruce-jack
pine communities was more than sufficient,



"adequate moisture for germination and survival
will probably control reforestation. In the aspen-
fir-spruce community, where aspen vegetative re-
production is likely, deer mice will have little
impact.

LITERATURE CITED

-Ahlgren, Clifford E. 1966. Small mammals and re-
forestation following prescribed burning. J.
For. 64(9):614-618. .

Beck, Alan M., and Richard J. Vogl. 1972. The ef-
fects of spring burning on rodent populations in
a 'brush prairie savanna. J. Mammal.
53(2):336-346.

Beer, James R., Robert B. Brander, and Charles
T. Cushwa. 1973. Wilderness ecology: the
upland plant communities, woody browse pro-
duction, and small mammals of two adjacent
33-year-old wildfire areas of northeastern Min-

- nesota. USDA For. Serv. Gen. Tech. Rep. NC-7,
30 p. North Cent. For. Exp. Stn., St. Paul,

- Minnesota.

Buech, Richard R. 1974. Small mammal popula-
tions in site 1 and the control area. In The En-
terprise, Wisconsin, radiation forest: preirradi-
ation ecological studies. Thomas D. Rudolph,
ed. TID-26113, USAEC, Oak Ridge, Tennessee.

Buech, Richard R., Robert M. Timm, and Karl

" Siderits. 1977. A second population of Rock
Voles, Microtus chrotorrhinus in Minnesota
with comments on habitat. Can. Field Nat. 91(4).

Chew, Robert M., Bernard B. Butterworth, and
Richard Grechman. 1959. The effects of fire on

_- the small - mammal populations of chaparral. J.

- Mammal. 40(2):253.

‘Cook, Sherburne F., Jr. 1959. The effects of fire
.on a population of small rodents. Ecology
40(1):102-108.

Fala, Robert A. 1975. Effects of prescribed burn-
ing on small mammal populations in a
mixed-oak clearcut. J. For. 73(9):586-587.

Handley, C. O., Jr. 1954. Phenacomys in Minne-
sota. J. Mammal. 35:260.

Howard, W.E., R.L. Fenner, and H.E. Childs, Jr.
1959. Wildlife survival in brush burns. J. Range
Manage. 12(5):230-234.

Krebs, Charles J., Barry L. Keller, and Robert H.
Tamarin. 1969. Microtus population biology:
demographic changes in fluctuating populations
of M. ochrogaster and M. pennsylvanicus in
southern Indiana. Ecology 50(4):587-607.

Krefting, Laurits W., and Clifford E. Ahlgren.
1974. Small mammals and vegetation changes
after fire in a mixed conifer hardwood forest.
Ecology 55(6):1391-1398.

Lawrence, George E. 1966. Ecology of vertebrate
animals in relation to chaparral fire in the Sierra
Nevada Foothills. Ecology 47(2):278-291.

Sims, H. Percy, and Charles H. Buckner. 1973.
The effect of clearcutting and burning of Pinus
banksiana forests on the populations of small
mammals in southeastern Manitoba. Am. Midl.
Nat. 90(1):228-231.

Spencer, Donald A. 1956. The effects of rodents
on reforestation. p. 125-128. In Society of
American Foresters Meet. Proc., Oct. 16-21,
1955. Portland, Oregon.

Stout, Jack, Allen L. Farris, and Vernon L.
Wright. 1971. Small mammal populations of an
area in northern Idaho severely burned in 1967.
Northwest Sci. 45(4):219-226.

Swanson, G. 1945. A systematic catalog of the
mammals of Minnesota. p. 52-105. In The
mammals of Minnesota. G. Swanson, T.
Surber, and T.S. Roberts, eds. Minnesota Dep.
Conserv., Tech. Bull. 2, 108 p.

Tester, John R. 1965. Effects of a controlled burn
on small mammals in a Minnesota oak-savanna.
Am. Midl. Nat. 74(1):240-243.

Tevis, Lloyd, Jr. 1956. Effect of a slash burn on
Forest mice. J. Wildl. Manage. 20(4):405-409.

Timm, Robert M. 1974. Rediscovery of the rock

vole (Microtus chrotorrhinus) in Minnesota.
Can. Field Nat. 88(1):82.

#U.S. GOVERNMENT PRINTING OFFICE: 1977-767-747/63




Buech, Richard R., Karl Siderits, Robert E. Radtke, Howard L. Sheldon,
and Donald Elsing.

1977. Small mammal populations after a wildfire in northeast
Minnesota. USDA For. Serv. Res. Pap. NC-151, 8 p. North Cent.
For. Exp. Stn., St. Paul, Minnesota.

Small mammals were studied shortly after a large wildfire in
northeast Minnesota. An average of only 16 percent as many small
mammals were in three forest communities that had burned than
were in comparable unburned areas. The greatest reduction was for
the red-backed vole. An analysis of population attributes suggests
that deer mice immigrated to the burned area. Small mammal
succession and their impact on reforestation is predicted.

OXFORD: 153:(776). KEY WORDS: southern red-back vole, deer
mouse, masked shrew, rock vole, least chipmunk.

Buech, Richard R., Karl Siderits, Robert E. Radtke, Howard L. Sheldon,
and Donald Elsing.

1977. Small mammal populations after a wildfire in northeast
Minnesota. USDA For. Serv. Res. Pap. NC-151, 8 p. North Cent.
For. Exp. Stn., St. Paul, Minnesota.

Small mammals were studied shortly after a large wildfire in
northeast Minnesota. An average of only 16 percent as many small
mammals were in three forest communities that had burned than
were in comparable unburned areas. The greatest reduction was for
the red-backed vole. An analysis of population attributes suggests
that deer mice immigrated to the burned area. Small mammal
succession and their impact on reforestation is predicted.

OXFORD: 153:(776). KEY WORDS: southern red-back vole, deer
mouse, masked shrew, rock vole, least chipmunk.







