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ABSTRACT—Prescribed burning and mechanical thinning are widely used to manage fuels in
North American forests, but few studies have examined the relative impacts of these treatments
on wildlife. Using a fully factorial and completely randomized design, we examined the short-
term effects of prescribed burning (no burn vs. burn), mechanical thinning (no thin, light thin,
and heavy thin), and combinations of these treatments on the capture rate and demographic
parameters of Lodgepole Chipmunks (Neotamias speciosus) in mixed-conifer forests in the south-
ern Sierra Nevada of California. Chipmunks were sampled in eighteen 4-ha treatment plots dur-
ing the summer of 1999 and 2000 (pre-treatment) and 2002 and 2003 (post-treatment). Although
burning and thinning caused significant changes in forest structure, neither treatment had a
significant effect on the capture rate or most demographic parameters of N. speciosus. Body mass
of males (2002 and 2003) and the ratio of males to females (2003) decreased following burning.
Body mass and percentage reproductive females were positively correlated with the total num-
ber of White Fir (Abies concolor) cones produced across treatments and years, possibly reflecting
a positive association between chipmunk reproduction and food availability. These results sug-
gest that prescribed burning and mechanical thinning may have minor or no short-term effects
on the capture rate and demography of N. speciosus in mixed-conifer forests of the Sierra Nevada,
but effects over longer periods have not been investigated.
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Fire is an integral component of many eco-
systems throughout the world (Dickman and
Rollinger 1998), facilitating tree regeneration,
nutrient cycling, and understory vegetation dy-
namics (Attiwill 1994; Chang 1996; Stephen
and Han 2006). Decades of fire exclusion in
western North American forests have changed
stand structure and composition, increased the
incidence of insect and disease outbreaks, and
greatly amplified the frequency and extent of

high-intensity catastrophic fires (Agee 1993;
Skinner and Chang 1996; Husari and McKelvey
1996; Dickman and Rollinger 1998). Prescribed
fire has been used to manage fuels and restore
forest ecosystems to a desired condition
(McKelvey and others 1996). Although there
are many challenges to reintroducing fire to Si-
erra Nevada forests, under suitable conditions
prescribed fire management has the potential
to reduce fire intensity and tree mortality, re-
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store stand structure to a desired range of con-
ditions, and improve habitat for wildlife (Bis-
well 1989; Chang 1996; Allen and others 2002;
Stephens and Moghaddas 2005a). However, im-
plementation of prescribed burning programs
in California often is limited by air quality re-
strictions, containment concerns, and fire man-
agement budgets (Husari and McKelvey 1996).

Mechanical thinning is an alternative to pre-
scribed burning for reducing fuels in forests.
Selective removal of understory fuels has been
proposed to reduce the intensity of stand-re-
placing crown fires (Helms and Tappeiner
1996), but thinning may have different effects
on forest ecosystems compared to prescribed
fire. For instance, thinning treatments may in-
crease soil compaction and decrease total
above-ground carbon by removing trees
(Helms and Tappeiner 1996), whereas burning
may increase nutrient availability in the short
term and, unintentionally or intentionally,
cause significant tree death (Chang 1996).
Thinning does not enhance reproduction and
seed germination in plants that require heat or
smoke treatment, but it can enhance vegetation
growth, seed and fruit production, and regen-
eration of plants that require physical distur-
bance or increased light, moisture, and nutrient
availability (Chang 1996; Keeley and Fother-
ingham 1997; Wayman and North 2007). Me-
chanically thinned forest stands have a differ-
ent composition of hypogeous fungal sporo-
carps (truffles) than burned stands (Meyer,
North, and Kelt 2005). Burning may favor larg-
er-diameter and more fire-resistant tree species
such as Ponderosa Pine (Pinus ponderosa) and
Douglas-Fir (Pseudotsuga menziesii) (Agee 1993)
that often are preferred timber species. Some
types of prescribed burning or selective me-
chanical thinning may increase the density of
larger-diameter snags that provide important
nest cavities for wildlife (Carey and others
1997; Stephens and Moghaddas 2005b). Con-
sequently, wildlife species attracted to these
post-fire habitat conditions may not be favored
following thinning treatments (Chang 1996).

Chipmunks (Neotamias spp.) are abundant
and important components of western North
American forests and are very responsive to
changes in management (Carey 1995, 2000; Ca-
rey and others 1999; Sullivan and Klenner 2000)
and natural environmental variability (Chap-
pell 1978; Sharples 1983). In the Sierra Nevada,

chipmunks disperse tree and shrub seeds (Van-
der Wall 1993, 1994) as well as ectomycorrhizal
fungal spores (Pyare and Longland 2001; Mey-
er, Kelt, and North 2005; Meyer, North, and Kelt
2005) that may be critical for forest regenera-
tion. Many chipmunk species in the Sierra Ne-
vada, such as the Lodgepole Chipmunk (Neo-
tamias speciosus), are prey for Pine Martens
(Zielinski and others 1983) and Northern Gos-
hawks (Schnell 1958; Maurer 2000), and are oc-
casionally in the diet of California Spotted
Owls (Poopatanapong 2000). The Lodgepole
Chipmunk also is of particular interest in Cal-
ifornia forests because it occurs in many forest
types (Broadbooks 1999), is more dependent
than other sympatric chipmunk species on
overstory trees for nest and refuge sites (Best
and others 1994), and one subspecies (N. s. cal-
lipeplus) is currently recognized as a sensitive
species in California (USDA Forest Service
2001).

Availability of food resources is an important
factor influencing the capture rate and demog-
raphy of sciurids in many western North
American forests (Sullivan and Sullivan 1982;
Klenner and Krebs 1991; Dodd and others 2003;
Ransome and Sullivan 2004). In the Sierra Ne-
vada, conifer seeds and understory vegetation
(seeds, flowers, fruits, and leaves of shrubs and
herbs) are primary foods in the diet of N. spe-
ciosus and other chipmunk species (Tevis 1952,
1953; Chappel 1978; Best and others 1994).
Food availability is positively associated with
reproduction, body mass, and capture rate in
tree squirrels of North America (Sullivan and
Sullivan 1982; Buchanan and others 1990; Ko-
prowski 1991; Vlasman and Fryxell 2002).
However, very little information has been pub-
lished on the relationship between food abun-
dance (particularly conifer seeds) and the cap-
ture rate and reproduction of chipmunks de-
spite their importance in food webs of conif-
erous forests in western North America.

The purpose of our study was to examine the
short-term effects of prescribed burning, me-
chanical thinning, and combinations of these
treatments on capture rate and demographic
parameters of N. speciosus. A 2nd objective was
to assess annual differences in capture rate and
demographic parameters and their relationship
to food availability (conifer cones, understory
vegetation) during post-treatment years. We
predicted that, in the short-term (�2 y), burn-
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FIGURE 1. Location and layout of research plots at the Teakettle Experimental Forest, Fresno Co., California.
Black dots on bottom right panel indicate location of trap stations in a plot. Treatment plot codes in the left
panel include unburned (U), burned (B), no thin (N), light ‘CASPO’ thin (C), and heavy ‘Shelterwood’ thin
(S).

ing, thinning, and their combination would de-
crease capture rate, mean body mass, and re-
production of chipmunks by decreasing under-
story food availability (shrubs, herbs) in treat-
ed stands. We also predicted positive
relationships between food availability (conifer
cones, shrubs, and herbaceous plants) and
chipmunk capture rate, female body mass, and
reproduction across post-treatment plots.

METHODS

Study Area and Experimental Design

Our study was conducted at Teakettle Exper-
imental Forest, a 1300-ha mixed-conifer forest
in the southern Sierra Nevada, Fresno County,
California (Fig. 1). Teakettle is at 1800 to 2400
m elevation and is characterized by a strongly

Mediterranean-influenced montane climate,
with hot, dry summers and 125 cm mean an-
nual precipitation that falls almost exclusively
in the form of snow from November to April
(North and others 2002). Our site is an old-
growth forest characterized by a multi-layered
canopy and numerous large (�100 cm diame-
ter at breast height; dbh) and old (�200 y) trees,
snags, and decayed logs. Dominant trees in-
clude White Fir (Abies concolor), Red Fir (A.
magnifica), Sugar Pine (Pinus lambertiana), Jef-
frey Pine (P. jeffreyi), and Incense Cedar (Calo-
cedrus decurrens). Dominant understory plants
include Mountain Whitethorn (Ceanothus cor-
dulatus), Bush Chinquapin (Chrysolepis semper-
virens), Greenleaf Manzanita (Arctostaphylos pa-
tula), Pinemat Manzanita (Arctostaphylos neva-
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densis), and Snowberry (Symphoricarpos mollis)
(North and others 2002). Old-growth rather
than 2nd-growth forest was selected for thin-
ning and burning treatments because it is (1) a
baseline for historic forest conditions indicat-
ing how ecosystem processes respond to dis-
turbance; (2) less variable than stands with dif-
ferent management histories, thereby allowing
plots to have similar pre-treatment conditions;
and (3) representative of unharvested Sierra
Nevada mixed-conifer forest stands that, com-
pared to historic conditions, have significantly
altered stand structure and composition (North
and others in press), regeneration (Gray and
others 2005), and tree mortality conditions
(Smith and others 2005) following a long his-
tory of fire exclusion. The last widespread fire
of low to high severity at the study site was in
1865 (North and others 2004).

For this experiment, we used a full factorial
set of treatments in a completely randomized
design. Six treatments were produced by cross-
ing 2 levels of burning (no burn vs. prescribed
burn) with 3 levels of thinning (none, light thin,
and heavy thin): (1) no burn or thin (control);
(2) light thin only; (3) heavy thin only; (4) burn
only; (5) light thin followed by burn; and (6)
heavy thin followed by burn. We established 18
replicate 4-ha plots, and all plots but 1 were
randomly assigned to each treatment (Fig. 1).
The single exception was a plot that was ran-
domly assigned to 1 of the 3 unthinned treat-
ments because it contained a perennial stream
around which US Forest Service regulations
did not permit tree harvest. All plots were sep-
arated by untreated buffer zones composed of
homogenous upland stands ranging from �50
to 150 m. The spatial placement of plots was de-
termined following cluster analysis of mapped
sample quadrats, indicating that all pre-treat-
ment plots were considered statistically similar
with respect to all overstory and understory
habitat variables measured in this study (North
and others 2002). We believe that plots were of
adequate size (4 ha) to maintain independence
among treatments because (1) there was a min-
imum distance of 150 to 250 m between grid
points of any 2 plots, which is approximately
60 to 160 m greater than the average maximum
distance moved by N. speciosus (90 m; Monroe
2005), and (2) only 3.4% of the individuals cap-
tured post-treatment in our study were from
�1 plot, and these individuals were excluded

from post-treatment analyses. In July to Sep-
tember 2000 and July to August 2001, 12 plots
were thinned following 2 prescriptions: 6 light-
intensity CASPO (California Spotted Owl
guidelines) plots and 6 high-intensity shelter-
wood plots. Under CASPO thinning, no trees
�76 cm diameter were harvested and at least
40% of the canopy cover (�75% using hemi-
spherical digital photos) was left in place after
harvest. With shelterwood regeneration har-
vest (‘shelterwood thinning’), all trees �25 cm
dbh were removed except for approximately 22
dominant, evenly spaced trees per hectare.
Shelterwood guidelines followed practices
used on several National Forests in the Sierra
Nevada before CASPO regulations and were
modeled on common silvicultural prescrip-
tions (Smith 1986). Compared to controls, the
CASPO and shelterwood thinned plots had sig-
nificantly lower canopy cover and fewer large
diameter (�50 cm) trees and snags than con-
trols, but only shelterwood thinned plots had
fewer understory shrubs (Table 1). In early No-
vember 2001, after the 1st substantial fall rain,
9 plots were treated with prescribed burns. At
this time, mean daytime temperature was 13�C
and relative humidity ranged between 25 to
70%. The percentage of ground cover burned
was significantly different among no thin
(11%), CASPO (52%), and shelterwood (71%)
plots that were prescribed-burned (no thin and
CASPO: P � 0.04; no thin and shelterwood: P
� 0.01; CASPO and shelterwood: P � 0.02). All
thinned plots with the exception of CASPO-
thinned-without-burning had significantly
lower canopy cover and number of large trees
and snags than controls, while only plots that
were heavily thinned (shelterwood) had lower
shrub cover than controls (Table 1).

Sampling of Chipmunks and Food Resources

We used a 3 � 3 grid with 50 m spacing be-
tween traps to sample chipmunks in each plot
(Fig. 1). At each grid point, we placed a single
Tomahawk live trap (model 201) 1.5 m above
ground on the trunk of the closest large (�70
cm dbh) tree. We limited our sampling effort to
only 9 traps per plot because more intensive
small mammal sampling created impacts on
concurrent collaborative research in our study
plots (North and Chen 2005), and ground trap
sampling was discontinued at the beginning of
our study due to heavy losses of ground traps



AUTUMN 2007 65MEYER AND OTHERS: THINNING EFFECTS ON CHIPMUNKS

TABLE 1. Mean values of stand structure and conifer cone variables measured in treatment plots at Teakettle
Experimental Forest (2002 to 2003). Within a row, values with different superscript letters are significantly
different (P � 0.05) from other values within the same row using Tukey’s HSD test. Numbers in parentheses
indicate pre-treatment (1999 to 2000) values (no pre-treatment stand structure values were significantly dif-
ferent using Tukey’s HSD test).

Stand variable

No burn

No thin
(control) Light thin2 Heavy thin3

Burn

No thin Light thin2 Heavy thin3

Density of large trees1

(no./ha) 68.3a,b (68.3) 41.7b,c (77.0) 22.5c (67.8) 77.9a (77.9) 41.2c (77.3) 24.6c (72.9)
Density of large snags1

(no./ha) 17.1a (14.8) 9.8a,b (13.7) 8.3b (11.3) 8.4b (10.7) 9.2b (11.4) 8.5b (14.8)
Canopy cover (%) 78.4a (78.6) 72.3a,c (81.2) 62.7d (80.1) 79.9a (79.4) 71.6c (80.9) 57.1d (79.7)
Shrub cover (%) 17.6a (25.0) 5.7a,b (14.8) 1.5b (14.4) 15.8a (27.6) 6.8a,b (24.2) 2.5b (22.3)
Herbaceous plant cover (%) 7.4a (4.9) 5.1a (3.7) 4.9a (2.4) 8.1a (3.8) 17.1b (3.2) 16.9b (1.1)
Pinus jeffreyi cones (no./ha) 219 (270) 63 (231) 271 (360) 760 (141) 417 (131) 253 (144)
Abies concolor cones (no./ha) 1541 (3605) 594 (1065) 688 (696) 3583 (2967) 1943 (2667) 341 (3208)
Pinus lambertiana cones

(no./ha) 967 (977) 793 (522) 702 (1018) 914 (1359) 211 (723) 970 (1560)
1 �50 cm dbh.
2 Light (CASPO) thinning, no trees �76 cm diameter were harvested and at least 75% of the canopy cover (using hemispherical digital photos)

was left in place after harvest.
3 Heavy (shelterwood) thinning, all trees �25 cm dbh were removed except for approximately 22 dominant, evenly spaced trees per hectare.

by repeated Black Bear (Ursus americanus) ac-
tivity. In 1999 to 2000 (pre-treatment) and 2002
to 2003 (post-treatment), we set traps in each
plot for 3 consecutive days in early summer
(June) and 4 consecutive days in mid-summer
(July to August), for a total of 45 trap-nights
per plot per year. Traps were baited with a mix-
ture of peanut butter and rolled oats and were
provided with a small cardboard shelter and
polyethylene stuffing material for thermal in-
sulation. We checked traps at dawn and dusk
and closed them in the event of heavy rain. We
marked all captured chipmunks with individ-
ually numbered metal ear tags, and recorded
their body mass, sex, reproductive condition,
and age class (juvenile or adult). We used pel-
age characteristics to determine age class (color
markings are brighter and stronger on juve-
niles than adults). We assessed reproductive
condition based on scrotum color and position
of the testes in males and degree of enlarge-
ment, redness, and turgidity of mammae in fe-
males (Best and others 1994). All captured an-
imals were handled in accordance with the
American Society of Mammalogists Animal
Care and Use Committee (1998) guidelines and
an approved Institutional Animal Care and
Use Committee (IACUC) protocol.

We sampled conifer cone abundance and her-
baceous plant cover in all 4-ha plots to evaluate
potential relationships between food availabil-

ity and chipmunk variables (capture rate, re-
productive condition) across treatments and
years. We estimated conifer cone abundance by
selecting and marking a single randomly se-
lected overstory tree (�80 cm dbh) of the 3
most common overstory tree species (Abies con-
color, P. jeffreyi, and P. lambertiana) within each
of 18 treatment plots. In July of 2000, 2002, and
2003, we used 10 � 40 binoculars to count the
number of cones that were visible in each tree
from a single station that was 25 m from the
tree in a fixed randomly selected direction. The
low number of sample trees surveyed in each
plot (n � 1 per species) does not account for
variation in cone estimates among trees within
a stand. To estimate the mean percent cover of
shrubs and herbaceous plants, we visually es-
timated plant cover in a sample of nine 10-m2

circular quadrats in each plot (1 at each trap
station) in July to August of 2000, 2002, and
2003.

Analysis

The number of captures and recaptures var-
ied greatly among treatments, with few or no
recaptures in some plots, so we calculated cap-
ture rate of N. speciosus among treatments. Cap-
ture rate (CR) was expressed as a modification
of the formula of Nelson and Clark (1973):

CR � [I/(T � S/2)] � 100
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TABLE 2. Summary of Neotamias speciosus and co-
nifer cone variables measured in pre-treatment (1999
and 2000) and post-treatment (2002 and 2003) stands
at Teakettle Experimental Forest. Capture rate, per-
cent breeding females, female body mass, and coni-
fer cone variables are presented as mean 	 sx̄.

Capture
variable 1999 2000 2002 2003

Number of in-
dividuals1 109 106 296 256

Number of
captures 190 241 461 491

Capture rate
(%) 8 	 2 12 	 2 41 	 4 28 	 3

Percent breed-
ing females 36 	 5 65 	 5 39 	 6 80 	 3

Female body
mass (g) 56 	 1 59 	 1 60 	 1 66 	 1

Pinus jeffrei
cones (no./
ha) — 14 	 6 21 	 4 97 	 24

Abies concolor
cones (no./
ha) — 96 	 42 19 	 11 87 	 20

Pinus lamberti-
ana cones
(no./ha) — 154 	 31 142 	 18 102 	 26

1 Total number of individual chipmunks captured during sampling
(excludes recaptures).

where I � number of individuals captured, T
� number of traps multiplied by the number of
nights traps were opened (trapnights), and S �
number of traps sprung across all nights of ef-
fort. Capture rate is expressed as a percentage
of traps with �1 capture and was positively
correlated with Nelson and Clark’s (1973) cap-
ture rate values (Pearson’s R � 1.000 and 0.972
for 2002 and 2003, respectively) and is a useful
and simple estimator of true abundance of
small mammals, including chipmunks (Waters
and Zabel 1998; Carey and others 1999). We
also calculated the total number of individuals
captured, as these counts were proportional to
population size in small-mammal populations
(Slade and Blair 2000).

We analyzed all pre-treatment stand struc-
ture variables (density of large trees and snags;
canopy, shrub, and herbaceous plant cover)
and N. speciosus variables (capture rate, sex ra-
tio, percent breeding females, male and female
body mass) with 3-way mixed-model analysis
of variance (ANOVA) to test for differences
among treatments (burning, thinning; fixed
factors) and pre-treatment year (random fac-
tor). There were no significant pre-treatment
differences (all P � 0.05) in any of these vari-
ables. Data were evaluated for normality with
the Kolmogorov-Smirnov test and for homosce-
dasticity with Levene’s test. Sex ratios were
square-root transformed and female body
mass and number of A. concolor and P. jeffreyi
cones were log-transformed to improve the fit
to parametric assumptions of normality and
homoscedasticity. All analyses were conducted
with Statistica 6.0 (StatSoft Inc., Tulsa,
Oklahoma) and an 
 level of 0.05.

We used 3-way mixed-model ANOVAs and a
single multivariate analysis of variance (MAN-
OVA) to test for the effect of fire (2 levels; fixed
factor), thinning (3 levels; fixed factor), and
post-treatment year (2 years; random factor) on
chipmunk capture rate and demographic vari-
ables [sex ratio of all individuals, percent of fe-
males in breeding condition (females lactating
or pregnant), and male and female body mass].
Trapping periods for early- and mid-summer
(n � 3 and 4 d, respectively) were not analyzed
separately. A small percent (3.4%) of captured
individuals was found in more than a single
treatment plot and we excluded these individ-
uals from analysis to maximize the indepen-
dence of treatment plots in our sample.

The total number of conifer (A. concolor, P. jef-
freyi, and P. lambertiana) cones per year was cal-
culated as the total number of visible cones per
large (�50 cm dbh) tree � the number of large
trees per hectare in each plot. We used 2-way
ANOVAs to examine the effect of burn and thin
treatments on the total number of cones for
each of the 3 conifer species. We used single-
factor ANOVAs to examine differences in the
number of conifer cones per tree (3 conifer spe-
cies) and understory plant cover (shrubs, her-
baceous plants) between 2002 and 2003. We
used Pearson’s product-moment correlation to
examine relationships between the availability
of food resources (A. concolor, P. lambertiana, and
P. jeffreyi cone abundance, cover of shrubs and
herbaceous plants), chipmunk capture rate,
and body mass of females.

RESULTS

We captured 1383 chipmunks from 1999 to
2003, with the majority (69%) of captures from
post-treatment (2002 to 2003) censuses (Table
2). Burning and thinning had no effect on N.
speciosus capture rate (Tables 3, 4, 5), but cap-
ture rate was greater in 2002 than 2003 (Table
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TABLE 3. Mean 	 sx̄ of Neotamias speciosus variables measured in post-treatment stands at Teakettle Exper-
imental Forest. Post-treatment years (2002 to 2003) are pooled, such that n � 6 for each treatment combi-
nation. Numbers in parentheses indicate pre-treatment (1999 to 2000) values.

Chipmunk variable

No burn

No thin
(control) Light thin Heavy thin

Burn

No thin Light thin Heavy thin

Capture rate1 25.0 	 5.4 40.0 	 5.0 35.7 	 8.8 33.7 	 4.3 32.7 	 8.7 38.4 	 5.4
(9.0 	 3.5) (5.3 	 5.5) (9.5 	 2.8) (12.2 	 4.7) (12.9 	 6.1) (11.1 	 1.9)

Total number of
individuals
captured/year

12.7 	 2.1
(5.7 	 2.2)

18.0 	 1.6
(3.3 	 1.4)

16.7 	 3.6
(6.0 	 1.8)

16.3 	 1.9
(7.7 	 2.9)

16.3 	 4.6
(8.2 	 1.6)

18.7 	 2.3
(7.0 	 1.2)

Sex ratio
(male:female)

2.44 	 0.48
(2.67 	 1.15)

1.41 	 0.35
(0.61 	 0.32)

1.18 	 0.16
(0.74 	 0.12)

1.29 	 0.22
(0.45 	 0.22)

1.44 	 0.34
(1.03 	 0.18)

0.85 	 0.11
(0.89 	 0.31)

Percent breeding
females

51.3 	 14.7
(54.2 	 19.8)

59.9 	 10.1
(64.2 	 13.1)

51.5 	 13.4
(64.0 	 12.8)

78.8 	 6.7
(53.1 	 10.8)

57.2 	 15.2
(51.3 	 9.1)

58.7 	 12.4
(48.3 	 4.6)

Male body mass (g) 57.6 	 1.0 55.7 	 1.1 58.0 	 1.22 54.7 	 1.1 54.3 	 1.7 54.4 	 0.7
(56.9 	 1.9) (58.9 	 2.7) (58.7 	 1.7) (59.0 	 1.0) (56.7 	 1.8) (56.8 	 0.7)

Female body
mass (g)

63.2 	 1.9
(67.5 	 3.5)

60.7 	 1.7
(69.1 	 2.9)

60.9 	 1.7
(69.9 	 2.9)

67.3 	 3.2
(67.7 	 2.3)

64.9 	 2.8
(67.3 	 2.1)

61.1 	 2.1
(69.7 	 3.3)

1 The percent of traps with �1 capture.
2 For this value, n � 5 (no male captures in 1 treatment plot in 2003).

TABLE 4. Mean 	 sx̄ of Neotamias speciosus variables measured in post-treatment stands at Teakettle Exper-
imental Forest. Treatments are grouped by burning (no burn, burn) or thinning (no thin, light thin, heavy
thin) to allow direct comparison within a treatment group. Post-treatment years (2002 to 2003) and treatments
are pooled such that n � 12 (no thin, light thin, heavy thin) or n � 18 (no burn, burn). Numbers in parentheses
indicate pre-treatment (1999 to 2000) values.

Chipmunk variable No burn Burn No thin Light thin Heavy thin

Capture rate1 33.6 	 3.9 34.9 	 3.5 29.4 	 3.6 36.4 	 4.9 37.0 	 5.0
(7.9 	 1.6) (12.1 	 1.8) (10.6 	 2.8) (9.1 	 2.0) (10.3 	 1.7)

Total number of individ-
uals captured/year

15.7 	 1.5
(5.0 	 1.0)

17.1 	 1.7
(7.6 	 1.1)

14.5 	 1.5
(6.7 	 1.8)

17.2 	 2.3
(5.8 	 1.2)

17.7 	 2.1
(6.5 	 1.0)

Sex ratio (male:female) 1.71 	 0.25
(1.39 	 0.47)

1.19 	 0.14
(0.79 	 0.14)

1.87 	 0.31
(1.46 	 0.61)

1.42 	 0.23
(0.86 	 0.17)

1.00 	 0.10
(0.82 	 0.17)

Percent breeding females 54.2 	 7.1
(60.5 	 8.6)

64.9 	 6.9
(50.9 	 4.7)

65.1 	 8.8
(53.6 	 10.2)

58.5 	 8.7
(56.5 	 7.4)

55.1 	 8.8
(55.5 	 6.4)

Male body mass (g)2 57.1 	 0.6
(58.1 	 1.1)

54.5 	 0.7
(57.3 	 0.8)

56.2 	 0.8
(57.8 	 1.2)

55.0 	 1.0
(57.4 	 1.5)

56.1 	 0.9
(57.8 	 0.9)

Female body mass (g) 61.6 	 1.0
(68.8 	 1.7)

64.4 	 1.6
(68.2 	 1.4)

65.2 	 1.9
(67.6 	 1.9)

62.8 	 1.7
(68.0 	 1.6)

61.0 	 1.4
(69.8 	 2.1)

1 The percent of traps with �1 capture.
2 For unburned plots, n � 17; heavy thinned plots, n � 11 (no male captures in 1 plot in 2003).

2). Overall, demographic variables of N. specio-
sus (percent of breeding females, male and fe-
male body mass, sex ratio) were similar across
treatments both pre- and post-treatment (Ta-
bles 3, 5), although body mass of males and sex
ratio were lower in burned than unburned
plots (Tables 4, 5). The percent of breeding fe-
males and female body mass were greater in
2003 than 2002 (Table 2), with a significant in-
teraction between year, thin, and burn treat-
ments for percentage of reproductive females
(Table 5). Across all plots, females averaged 9%
and 17% heavier than males in 2002 and 2003,

respectively, although non-breeding females
were only 6.5% heavier than males in 2003.

Estimates of P. jeffreyi cone abundance was
3.2 times greater in burned compared to un-
burned plots but was not different among thin
treatments (Tables 1, 6). Cone abundance for A.
concolor or P. lambertiana did not differ among
burn or thin treatments. Cone abundance for
both A. concolor and P. jeffreyi were 4.6 times
greater in July 2003 than July 2002, but the
abundance of P. lambertiana cones was similar
between years (Tables 2, 6). Understory herba-
ceous plant and shrub cover was 1.7 times
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TABLE 5. MANOVA and ANOVAs for effects of burning, thinning, and year on Neotamias speciosus variables
at Teakettle Experimental Forest (2002 to 2003).

Dependent variable Factor Wilk’s � F df P

ANOVA
Capture rate

burn
thin
burn � thin

0.069
0.875
0.804

1,24
2,24
2,24

0.795
0.430
0.459

year 5.961 1,24 0.022
burn � year 0.590 1,24 0.450
thin � year 0.196 2,24 0.823
burn � thin � year 0.103 2,24 0.902

MANOVA
Sex ratio, percent breeding females,
male and female body mass

burn
thin
burn � thin
year
burn � year
thin � year
burn � thin � year

0.583
0.621
0.661
0.361
0.901
0.834
0.513

3.573
1.344
1.152
8.843
0.550
0.474
1.979

4,20
8,40
8,40
4,20
4,20
8,40
8,40

0.024
0.250
0.351

�0.001
0.701
0.867
0.075

ANVOAs
Sex ratio burn 4.350 1,24 0.048

year 2.270 1,24 0.146
burn � thin � year 3.399 1,24 0.051

Percent breeding females burn
year
burn � thin � year

2.676
39.478

4.232

1,24
1,24
1,24

0.115
�0.001

0.027
Male body mass burn

year
burn � thin � year

7.663
1.867
1.272

1,23
1,23
1,23

0.011
0.185
0.299

Female body mass burn
year
burn � thin � year

2.549
11.966

0.571

1,24
1,24
1,24

0.123
0.002
0.573

greater in 2003 (21.3 	 5.2) than 2002 (12.2 	
4.6; F1,34 � 7.675, P � 0.009). There were es-
sentially no correlations between female body
mass and the abundance of shrubs (R � 0.267,
P � 0.115) or herbaceous plants (R � �0.074, P
� 0.666). There were weak positive correlations
between female body mass or reproduction
and the number of A. concolor cones (body
mass: R � 0.447, P � 0.007; reproduction: R �
0.461, P � 0.005), but no correlation with the
number of cones of P. lambertiana (body mass:
R � �0.198, P � 0.262; reproduction: R �
�0.069, P � 0.697) or P. jeffreyi (body mass: R
� 0.287, P � 0.089; reproduction: R � 0.255, P
� 0.133); and no correlation between chipmunk
capture rate and the number of cones of A. con-
color (R � �0.191, P � 0.272), P. lambertiana (R
� 0.103, P � 0.560), or P. jeffreyi (R � �0.059, P
� 0.739).

DISCUSSION

Our study was conducted with limited sam-
pling effort over 2 seasons in 1 location and
therefore may not provide robust estimates of

capture rate, demographic variables, or food
abundance for N. speciosus. Additionally, our
treatment plots were relatively small in size (4
ha) and may not be completely independent
with respect to chipmunk capture rate and de-
mographic variables. Despite or because of
these limitations, we did not detect an imme-
diate effect of mechanical thinning on the cap-
ture rate or demographic parameters of N. spe-
ciosus at Teakettle. In the Cascade Mountains of
northeastern California, N. speciosus was more
frequently captured in shelterwood-thinned
units than in unthinned old- or 2nd-growth
forest stands (Waters and Zabel 1998). Similar-
ly in the northern Sierra Nevada, N. speciosus
was more frequently captured in open, heavily
thinned stands with scattered trees than in
closed-canopy stands or clear-cuts with an ex-
tremely high or low density of trees (Sharples
1983). One key difference between these stud-
ies and ours is that both Waters and Zabel
(1998) and Sharples (1983) sampled their
thinned stands 7 to 16 y after thinning, allow-
ing time for the forest understory to develop a
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TABLE 6. ANOVAs for effects of burning, thinning,
and year on cone abundance of 3 tree species at Tea-
kettle Experimental Forest (2002 to 2003).

Conifer
species Factor F df P

Pinus
jeffreyi

burn
thin

8.583
0.972

1,24
2,24

0.007
0.393

burn � thin 3.138 2,24 0.062
year 10.109 1,24 0.004
burn � year 0.409 1,24 0.529
thin � year 0.412 2,24 0.667
burn � thin

� year
1.487 2,24 0.246

Abies
concolor

burn
thin

0.002
0.846

1,23
2,23

0.965
0.442

burn � thin 0.211 2,23 0.811
year 16.653 1,23 �0.001
burn � year 0.002 1,23 0.962
thin � year 1.046 2,23 0.576
burn � thin

� year
0.703 2,23 0.506

Pinus
lambertiana

burn
thin

0.433
1.744

1,22
2,22

0.518
0.198

burn � thin 1.627 2,22 0.219
year 3.969 1,22 0.059
burn � year 0.080 1,22 0.780
thin � year 0.610 2,22 0.552
burn � thin

� year
3.925 2,22 0.035

dense shrub and herb understory. In 2nd-
growth forest stands of the northern Sierra Ne-
vada, for example, N. speciosus was associated
with a greater coverage and diversity of un-
derstory shrubs (Coppeto and others 2006).
Such understory vegetation is a diverse source
of seeds, fruits, flowers, and leaves that provide
food for N. speciosus (Tevis 1952, 1953; Best and
others 1994). In contrast, we sampled immedi-
ately (1 to 2 y) after thinning treatments when
the forest understory was largely undeveloped,
although several herbaceous species increased
in abundance immediately following treat-
ments particularly in thin combined with burn
treatments (Wayman and North 2007). The lack
of understory food resources for N. speciosus in
the thinned plots in our study may partially ex-
plain the lack of significant increase in N. spe-
ciosus capture rate immediately following thin-
ning.

Our study also failed to detect an effect of
prescribed burning on N. speciosus capture rate
or female-related demographic parameters,
possibly as a result of our limited sample effort
or small size of treatment plots. However, pre-
scribed fire was not expected to increase the

capture rate of N. speciosus at Teakettle given
the low-severity impact of burning on forest
stand structure. Burning had no notable effect
on any stand structure variables, with the ex-
ception that fewer large-diameter snags were
in burned-only compared to control plots, and
herbaceous plant cover was greater in thin-
with-burn plots compared to control, thin-only,
or burn-only plots (Table 1). In mixed-conifer
forest of the southern Sierra Nevada, late-
spring and fall prescribed burning had no im-
mediate effect on densities of N. speciosus, al-
though annual changes in density were sub-
stantial (Monroe 2005). In contrast, N. speciosus
was more frequently captured in intensively
burned stands where tree cover was 30 times
lower and understory shrub and herb cover
was 8 and 7 times greater, respectively, than in
unburned stands (Sharples 1983). In a mature
Giant Sequoia (Sequoiadendron giganteum) forest
stand, N. speciosus capture rate gradually in-
creased 4 to 5 y following prescribed burning,
when the cover of understory vegetation re-
turned to pre-burn levels (Werner 2000).

Body mass and the percentage of reproduc-
tive female chipmunks were positively associ-
ated with cone crop of A. concolor and P. jeffreyi
across years and treatment plots at Teakettle.
Conifer seeds are a high-energy and primary
food resource in the diet of N. speciosus and oth-
er squirrels of the Sierra Nevada (Tevis 1952,
1953) and positively associated with reproduc-
tion (Wauters and others 2004) and detection
rates (Buchanan and others 1990) in tree squir-
rels (Sciurus, Tamiasciurus spp.). Given that
there was nearly a 5-fold difference in the num-
ber of A. concolor and P. jeffreyi cones between
2002 and 2003, it is possible that this greater
food availability in 2003 may have increased
nutritional intake in females and enhanced the
onset of reproduction during this year. Other
primary food resources such as hypogeous
fungal sporocarps (truffles) were similar in
abundance between the summers of 2002 and
2003 (Meyer, North, and Kelt 2005).

Although our study was exploratory and
based on limited sampling, our results repre-
sent a 1st experimental study directly compar-
ing the effects of burning and mechanical thin-
ning on chipmunk capture rate in the Sierra
Nevada. Despite having different impacts on
forest stand structure, both burning and thin-
ning had similar, non-significant short-term ef-
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fects on N. speciosus capture rate and demo-
graphic variables. Previous studies (for exam-
ple, Tevis 1956; Sharples 1983; Waters and Za-
bel 1998) indicate that these similarities in
chipmunk capture rate may change as the for-
est understory develops to provide individuals
with more food resources and cover from pred-
ators. However, while more intensive thinning
and burning treatments may potentially benefit
Lodgepole Chipmunk populations in the long-
term, they are predicted to have the opposite
impact on populations of more sensitive, forest-
dependent species, such as the Northern Flying
Squirrel (Glaucomys sabrinus; Meyer and others
2007). We recommend future research focus on
these more sensitive species of the Sierra Ne-
vada to critically evaluate the effects of pre-
scribed burning and mechanical thinning on
forest wildlife.
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