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Short-term small mammal responses to
silviculture in the Central Hardwoods
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Identifying the effects of land management on plant and animal communities is important for managers seeking to
preserve ecosystem function. For example, silviculture (timber harvesting) impacts many forest species, including
small mammals, a key component of forest food webs. We studied short-term responses of several common small
mammal species to silviculture in hardwood forests of southern Indiana. Small mammals were trapped at 32 stands
over a 5-year period; 2 years of trapping occurred before harvest. Each stand received a silvicultural treatment:
clearcutting (4 ha openings), shelterwood harvest (4 ha), patch cutting (≤2 ha) or no harvest. Following harvest,
small mammals were trapped for 3 additional years. We used an N-mixture model fit in a Bayesian framework to
estimate abundance from capture data and compared estimates before and after harvests. The eastern chipmunk
(Tamius striatus) increased in abundance clearcuts and patch cuts. The short-tailed shrew (Blarina brevicauda) and
pine vole (Microtus pinetorum) declined following clearcuts. The white-footed mouse (Peromyscus leucopus), did not
respond numerically to most harvest treatments. Abundance of all species was unchanged following the first phase
of shelterwood harvests. This study provides evidence of changes in small mammal communities following
silviculture and identifies species sensitive to conditions following harvest. It also presents a method for estimating
abundance that is less labor-intensive and offers greater utility than traditional mark-release-recapture approaches
when populations are small.
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Analysis

Introduction
 Small mammals: important role in forests
 Predator, prey, herbivore1
 Dispersal agents2
 Influence insect/disease life cycles3
 Silviculture can greatly alter habitat for small
mammals(Fig. 1)
 Varying, inconclusive effects of silviculture on
small mammals reported4 (Fig. 2)
 Past studies have ignored imperfect
Figure 1. Forest
detection and temporal changes in food
stand before and after
a clearcut harvest
availability (e.g. mast5)

Eastern chipmunk
(Tamius striatus)

Kirkland 1990
Urban 2010

White-footed mouse
(Peromyscus leucopus)

 N-mixture model15 (Fig. 4)
 Allows abundance
estimates from repeat
count data (no marks)
 Incorporates imperfect
detection
 GLMMs connect detection (p)
and abundance (λ) to
covariates
 Fit in Bayesian framework

Buckner 1985
Fantz 2005
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of relative abundance
estimates (N-mixture
model and captures/100
trap nights; Y-axis) with
estimates from markrelease-recapture (Chao
Mt estimator; X-axis) at a
subset of sites. N-mixture
estimates were more
closely correlated with
the MRR estimate.
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Figure 4. N-mixture model structure, with example
observations. The model contains observed (Binomial)
and unobserved (Poisson) units, accounting for imperfect
detection.
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Results
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Pine vole
(Microtus pinetorum)
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Figure 5. Comparison

Observed counts
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Figure 2. Reported responses of small mammals (positive,
negative, or neutral) to silvicultural disturbance of forest.

Objective

Figure 7.
Mean values for total
acorn production
(acorns / m2 of trap
area) and
microhabitat variables
by treatment and
study year. Vertical
lines separate the
pre- and post-harvest
periods.

Year

Measure the effects of silviculture on the abundance of common
small mammals in the Central Hardwoods, accounting for
imperfect detection and changes in food (mast) availability

Discussion
Eastern chipmunk

White-footed mouse

Predictions
1.
2.
3.
4.

Populations of granivores linked to mast abundance5
Increase in Eastern chipmunk abundance following harvest7
Decrease in short-tailed shrew and pine vole abundance7
Minimal small mammal response to the first stage of
shelterwood harvests (only midstory trees removed)

Methods

Figure 6. Mean (with 95% credible interval) small mammal abundance by harvest type

 Coarse woody debris (Fig. 7)
 Edge created by harvest

and year. The vertical lines in each graph separate the pre- and post-harvest periods. Only
20 of the 32 sites were sampled in 2010, resulting in larger credible intervals.

Short-tailed shrew

Chipmunk

Mouse

Shrew

Vole

2515

1886

127

76

Total Captures

Table 1. Total
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SE

βj

SE

βj

SE

βj

SE

Temperature

-0.12

0.05

-0.13

0.03

-0.06

0.09

-0.20

0.14

Julian Day

-0.05

0.06

0.09

0.05

-0.50

0.13

0.27

0.17

Trap Effort

-0.03

0.10

1.03

0.34

-0.15

0.19

-0.06

0.43

Covariate
p (detection)

 Part of the Hardwood Ecosystem
Experiment (HEE): study of
responses to silviculture
 3 silvicultural treatments (Fig. 3)
 Even-aged: clearcuts and
shelterwood harvests (4 ha)
 Uneven-aged: patch cuts
(0.4-2 ha)
 Control: unharvested
 32 trapping grids
 Divided between treatments
 Trapped 1 week/year for 5
years: 2 pre-, 3 post-harvest
 Microhabitat, mast data collected
at each grid

λ (abundance)
Mast

0.05

0.04

0.10

0.03

0.27

0.10

-0.12

0.16

Aspect

-0.05

0.09

0.10

0.06

0.41

0.23

0.42

0.29

Clearcut (4 ha)

0.51

0.13

-0.06

0.11

-2.41

0.87

-1.96

0.89

Patch cut (0.4-2 ha)

0.36

0.13

-0.12

0.09

-0.24

0.35

-0.96

0.59

Shelterwood (4 ha)

0.22

0.14

0.09

0.10

-0.24

0.34

-0.28

0.46

captures (first row) and
estimated parameters
from the N-mixture
model for each small
mammal species.
Effects of covariates on
probability of detection
are listed first followed
by covariates associated
with abundance.
Highlighted values are
statistically different
from 0.

 Changes in temperature,


moisture, leaf litter (Fig. 7)
Indirect link to mast (Table 1)

 Habitat generalist
 Response to mast (Table 1)
Pine vole

 Reduced leaf litter (Fig. 7),


increased soil compaction
General decline (Fig. 6)

Figure 8. General direction of response to clearcut and patch cut
harvests for each species, and potential explanations for the changes

 No effects of 1st stage of shelterwood harvest (Table 1)
 Advantages of N-mixture model
 No marks necessary (reduces time and cost)
 Accurate abundance estimates (Fig. 5)
 Caveat: validation is necessary
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