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Causes and consequences of the postfire increase in deer PeusByScus
maniculatu$ abundance

Chairperson: Elizabeth E. Crone

Wildfire triggers an increase in deer mouBerpmyscusnaniculatu$ abundance. Here,
| describe this phenomenon, investigate its causes, and explore the consequéeces of t
postfire increase in mice for conifer recruitment in burned forest. | docudharsteift in
small mammal communities away from more specialized species suahizacked
voles Myodesgapper) and shrewsSorexspp.) and towards greater abundance of
generalist deer mice after a wildfire in montane forest. | conductedeaanalysis of
published studies on the abundance of small mammals in disturbed versus undisturbed
forests and established that the pattern of increased deer mouse abundance hohds for bot
natural (wildfire) and anthropogenic (different forms of forest harvest) estges.
However, the postfire increase is significantly stronger than the inaéaséogging. In
another forest wildfire, | tested the four most commonly proposed explanations of thi
increase: (1) greater abundance of food resources in burned areas, (2¢thieasng
efficiency of deer mice, (3), predatory release, and (4) source — sink idgnarith
burned areas acting as high abundance dispersal sink. However, none were supported by
data. Thus, | concluded that the existing explanations of postfire increase inodeser m
abundance are unsatisfactory. Finally, | investigated the magnitude and impaet of
predation by deer mice in burned and unburned forest. In seed offerings experiments,
overnight conifer seed removal associated with deer mice was more intense ¢th burne
than in unburned stands. In germination experiments, emergence of seedlings in cages
with openings that allowed access by deer mice was extremely rare in bodned a
unburned forest. However, in closed cages (deer mice excluded), seedling emeegence w
low in unburned forest, but considerably higher in burned forest. Wildfire created
favorable conditions for seedling recruitment but seed predation by deerppeazred to
remove this advantage.



PREFACE

My adventure at the University of Montana began with a shrew symposium at the
Powdermill Biological Station in Pennsylvania in 2002, where | gave whapreasbly
my worst research talk ever. However, Dr. Kerry R. Foresman saw something thehi
bad English, and thanks to him, | enrolled in the Organismal Biology and Ecology
graduate program at the University of Montana the following year. Whest afrived to
Missoula, the city was completely covered in thick smoke from surrounding fioesst
Fittingly, forest disturbances became the topic of my dissertation ces&dorking in
the fire-shaped landscapes of western Montana completely changed nptiperotthe
ecological role of perturbations like fire. In my home country of Poland, kendbin the
last primeval lowland forest in Europe, where fires have been extremebncrghere
(as I incorrectly assumed) not much has changed since it served as a huntindaground
Polish kings. Here in Montana, | learned to appreciate the persistent tenmubsaldial
variability of ecological systems.

One of the most rewarding outcomes of completing my PhD at the University of
Montana was being immersed in a very different, but extremely succeggiubach to
science from that which | had experienced in Poland. Conducting research in tlie Unite
States proved to be an energetic and exciting enterprise, and | hope to bring dosne of t
spirit back to Poland. Throughout the years, many faculty members at the UpioErsi
Montana have been a major source of help and inspiration. Dr. Elizabeth E. Crone
provided me with continuous encouragement, critical thinking, and infallible logiel | fe
extremely fortunate to have had Elizabeth as my advisor. | am deeplhubtatefy
committee members--Erick Greene, Richard L. Hutto, Kevin S. McKelvey, andtt. Sc
Mills-- for their constant guidance and patient comments on my clumspgviAbove
all this, they provided me with their unfailing support when | needed it most. Finally, |
was fortunate to collaborate with Yvette K. Ortega and Dean E. Pearson, whoseitleas
help had a tremendous influence on my research.

| would like to thank Dave Ausband, Julie Beston, Kim Crider, Jason Dauvis,
Martha Ellis, Jennifer Gremer, Rebecca McCaffery, and Nathan Schwabirfgrjoeat
friends and colleagues. Roni Patrick and Jodi Todd deserve my special gratitude for
keeping my research spending under control and for helping me fill out manyrdiffere
but invariably obscure forms. Finally, this research could not be have been completed
without the persistence of many undergraduate Biology and Wildlife Biologgsts,
who helped me with my fieldwork and various other tasks, for little or no money. | am
particularly grateful to those who identified and measured 17,269 badly preserved
arthropods — | honestly did not realize that this task would be so dull. Special thanks to
Leigh Ann Reynolds, who not only conducted tremendous amounts of fieldwork, but also
supported me with her contagious enthusiasm and positive attitude.

This work is dedicated to my parents, Ryszard and Krystyna Zwolak. Their
support, patience, and encouragement made this overseas enterprise much easie
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GENERAL INTRODUCTION

Disturbances are widely recognized as a crucial component of ecosystem
functioning. They create landscape heterogeneity that underlies numeragoatol
processes (Turner 2005), influence dynamics of many species (Karr @nobikel 985),
have been traditionally hypothesized to play critical role in determiningespechness
(Grime 1973; Connell 1978; Huston 1979; Chesson and Huntly 1997), and are
increasingly incorporated into biodiversity conservation theory (Attivd94; Wilcox et
al. 2006). Moreover, disturbances, by changing habitat structure, resourebiawgil
and species abundances, provide natural “perturbation experiments” that caeh foe use
gain insights into complex ecological systems.

The effects of disturbance on vertebrates have been studied to answer both basic
and applied questions (Karr and Freemark 1985; Bury 2004; Schieck and Song 2006).
There is evidence that regional faunas are adapted to particular disturbgimees
(Bunnell 1995) and their conservation requires maintenance of a wide spectrum of
disturbance types, severities, and frequencies (Hutto 1995). Other than that, few
generalizations have emerged so far. For example, Lindenmayer et al. (20u8BjHat
disturbance theory has very limited ability to guide practical managewmeich should
be instead focused on individual species. Still, management based on emulating natural
disturbances with timber harvest has gained remarkable support, pastiantarg
foresters (Hunter 1993; Attiwill 1994; Ehnes and Keenan 2002).

For my dissertation research, | examined impacts of forest disturbance on
populations, communities, and trophic interactions of small mammals. In chapter 1, |
describe changes in small mammal communities after a stand-repltaogitdfire in
western Montana (Zwolak and Foresman 2007). The fire shifted the communities away
from more specialized species such as red-backed Wepés gappeyiand shrews
(Sorexspp.) and towards greater abundance of generalist deerRei@en(yscus
maniculatu$. To my knowledge, this was the first small-mammal study on the effects of
wildfire in a Douglas-fir — western larch forest.

In chapter 2, | use meta-analytic techniques to examine the effects ofypmese t

of forest disturbance on small mammal communities in different regions df Nort



America. My main motivation was to test two very popular views that nevesthietere
not been thoroughly assessed: (1) emulation hypothesis: an idea that carafakypla
clearcuts may mimic natural disturbances (mostly wildfire) and therefaintain
biodiversity while extracting timber, and (2) the belief that green treatreh harvest
mitigates the negative impacts of logging on biodiversity. | demonstrate() ttres
effects of wildfire on small mammal abundance tend to be stronger than those of
clearcutting, and (ii) for most investigated small mammal speciesffetes of partial
harvest did not differ from the impact of clearcutting. Overall, the directienilficrease,
decrease, or no change) of the response to forest disturbance was conslsteat wit
species. However, disturbance type influenced the magnitude of this effectngrpist
natural and anthropogenic disturbances cannot be treated as equivalent withorega
their effect on wildlife.

One consistent small mammal response apparent both in my study in western
Montana (Chapter 1) and from the analysis of published data (Chapter 2) was-the post
fire increase in deer mouse abundance. In chapters 3 (Zwolak and Foresman 2008) and 4,
| investigate possible causes of this phenomenon. It has been commonly explamed as a
example of source-sink dynamics, with burned, apparently “destroyed”autiag as
population sinks. In chapter 3, | present data on deer mouse demography and patterns of
habitat selection that make evident that this explanation is incorrect. On thegontr
burned areas represent high-quality deer mouse habitat. In Chapter 4, | atgasgtigr
possible causes of the post-fire deer mouse increase. As a result of thisstddgiexd
in a different wildfire, 1 was able to reject other commonly proposed hypsthesch as
increase in food resources (insects and/or seeds) or predator releasedraleagel
found limited support only for an idea that the post-fire simplification of habrtaitste
improves foraging success of deer mice. However, | cannot exclude the pydiili
another, untested hypothesis provides a better explanation of the high abundance of deer
mice, or that this phenomenon has multiple, interacting causes.

Finally, in chapter 5 | investigate the consequences of the high post-fire
abundance of deer mice for forest regeneration. | demonstrate that se¢idpiaddeer
mice may have a dramatic impact on seedling recruitment in burned forestg ausi

combination of small mammal trapping and experiments on seed predation and seedling



germination, | establish that the high abundance of deer mice results in irdedse s
predation, which in turn greatly reduces seedling germination in burned areas. By
contrast, when deer mice are excluded, seedling emergence and survival in based are
is considerably higher than in unburned forest. Thus, even if fire creates favabadiic
conditions for tree recruitment, seed predation by deer mice obliteraesltlintage. |
hypothesize that disturbance qualitatively shifts the interaction betweemibeeand
seedling recruitment. Unburned forests have relatively few mice andnekyréew sites
for seed germination; caching by mice might actually increase the propabgeed
germination and establishment. Burned forests have high mouse densities and good
abiotic conditions for germination, so predation clearly negatively affectsrsged|
establishment.

The Addendum consists of a brief review paper covering current ecological and
management controversies over forest management in North America. The revie
written in Polish, was intended for Polish ecologists, who do not follow the recent
developments in the U.S.A. and Canada, but nevertheless are interested in the forest
ecology of very distinct, fire-maintained ecosystems of North America.

Chapters 1 and 3 resulted from work conducted under the guidance of Prof. K. R.
Foresman, whereas chapters 4 and 5 are an outcome of my collaboration withErs. D
Pearson, Y. K. Ortega, and Prof. E. E. Crone. Together, my dissertation inesstigat
patterns, causes, and certain ecological consequences of disturbanceencbdiages in
small mammal communities. | hope that this work will increase appiatiat the
critical role of large-scale disturbances in shaping population dynamics antLodm
structure, as well as the ways in which interactions among trophic leelshalimpacts
of ecological disturbances.



CHAPTER 1
EFFECTS OF A STAND-REPLACING FIRE
ON SMALL MAMMAL COMMUNITIES IN MONTANE FOREST

Abstract:Wildfire, ubiquitous and recurring over thousands of years, is the most
important natural disturbance in northern coniferous forest. Accordingly, faestiiay
exert a strong influence on the structure and functioning of small mammal cotmesuni
We compared the composition of rodent and shrew communities in burned and unburned
patches of a Douglas-fiP6eudotsuga menzieshvestern larchl(arix occidentali$

forest in western Montana, USA. Trapping was conducted during two consecutive
summers after a wildfire. Four trapping sites were sampled in &aasurned at high-
severity and two in unburned forest. Small mammal communities in burned sites were
characterized by strong numerical dominance of deer IRE®IKnyscus maniculatus

and greatly reduced proportion of red-backed vdlgofles gappeyiand shrewsJorex
sp.). Relatively rare species such as flying squir@laycomys sabringsand bushy

tailed woodratsNeotoma cinergawere largely restricted to unburned areas. The
numbers of chipmunkd @miassp.) were similar in burned and unburned areas. Rodent
diversity was higher in unburned forest, but only during the first year ateCverall,

the fire shifted small mammal communities away from more specialidelaeked

voles and shrews and towards greater abundance of generalist deer mice.



Introduction

Over the past few decades, the understanding that recurring disturbariibeais
for shaping the structure and function of biological systems has developed intara maj
ecological paradigm (White and Pickett 1985; Willig and Camillo 1991). In northern
coniferous forests, the most important natural disturbance is fire (Ahlgren ageAhl
1960; Hansson 1992; Hunter 1993). Fires have been shaping coniferous forest
ecosystems for thousands of years (Wein and MacLean 1983; Agee 1993). Nevertheless
most research on the effects of forest disturbances on wildlife has focuseding byt
other anthropogenic events, perhaps because natural disturbances such as fire are
extremely variable both in space (patchiness) and time (unpredictalaifitythus
difficult to study. However, fire represents an integral part of an e@sytiat can
strongly influence its productivity, diversity and stability (Kilgore 1987). frenmnore,
the number and area of wildfires across North America has stronglysedrgarecent
years, partly because of the accumulation of fuels resulting from decades of fi
suppression policy (Schoennagel et al. 2004). Consequently, fires have becomd the foca
issue in forest management (National Fire Plan 2000, Healthy Foreshaig@02,
Healthy Forest Restoration Act 2003 — c.f. Bury 2004) and insights into the effdices
on wildlife are important for the evaluation of proposed management (Bury 2004).

Due to their abundance and strong ecological interactions, small mamenals ar
important to forest ecosystems (e.g. Maser et al. 1978; Ostfeld et al. 199@vdipw
very little research has been conducted on the impact of natural disturbances on smal
mammals in coniferous forest, and a large part of current knowledge comesudes st
on the consequences of human-related disturbances such as logging (e.g. Haglvard e
1999; Sullivan and Sullivan 2001; Klenner and Sullivan 2003; Fuller et al. 2004; Pearce
and Venier 2005), clearcutting followed by burning (e.g. Halvorson 1982; Martell 1984;
Sullivan and Boateng 1996; Sullivan et al. 1999), or fuel reduction (Converse et al.
2006, 200@). In the present study, we compare small mammal communities in
unburned and severely burned montane forest, focusing on differences in species
composition, diversity, and overall abundance of rodents and shrews. Fire-adsociate
changes in small mammal communities likely depend on time since fiteckemet al.

2005), fire characteristics (e.g. severity, size, and timing) and burnedtigege.qg.



species composition and age). Thus, we quantified the vegetation condition in areas
trapped, with emphasis on those variables that are considered important for smal
mammals. To our knowledge, this is the first small mammal study on the effects of
wildfire in the Douglas-fir Pseudotsuga menzienshvestern larchl(arix occidentali3

forest.

Materials and methods

Study site
The study area, Boles Meadow (47°60'N, 113 °45’'W), was located in the Seeley

valley in west-central Montana (USA), approximately 40 km northeast obMesThe
topography is hilly, with mean elevation of 1766 m (minimum 1547 m, maximum 1942
m), and mean slope of 13% (SD 6%). The dominant tree species were Douglas-fir and
western larch. In August 2003, 4468 acres of forest at Boles Meadow burned in a wildfire
caused by a lightning strike. Fire removed all organic material a@lasively extensive
areas, creating a large-scale mosaic consisting of large, severeéd patches

interspersed with smaller areas that burned with lower severity. Ii2D4;, we selected

six study sites: four (F1-F4) within areas burned with very severe, siplatement fire,

and two unburned areas (C1 and C2) within intact forest (the number of sites in burned
and unburned forest was unequal because the study design was chosen for a related
investigation of the effects of expected salvage logging). At eacladitba small-

mammal trapping grid and three pitfall arrays were constructed. In May 20@pidbe

were enlarged to 1.44 ha. The grids were placed more than 0.2 km from the edge of the
burn and at median distance of 2.18 km from one another (maximum distance =5 km).
Investigated sites were located at elevations ranging between 1721 ne@sdyed in

the center of grid) to 1869 m (C1). All sites were located on south aspects,fexéept

which was located on a north aspect.

Habitat sampling

We visually estimated percentage vegetation cover in 1-m-radius cieciesed
at randomly selected trapping stations within each small-mammalrigapipe. In 2004,

we examined 10 circles per grid. In 2005, we estimated vegetation cover and altiditiona



measured the volume of coarse woody debris (CWD, defined as downedAdgsm in
diameter> 0.5 m in length) in 28 1-m-radius circles per grid. Volume of each piece of
CWD was calculated d% x h x r x p, whereh is the length of a CWD fragment
contained within the circle, amdandp are radii at the ends of the CWD piece within the
circle. The volume of all CWD within a circle was pooled.

Presence or absence of canopy cover was measured using a moosehorn
densiometer (Bonham 1989) along two perpendicular transects per grid that crdlssed at
center of the grid. In 2004, transects were 90 m long. In 2005, after the grids were
enlarged transects were lengthened to 110 m. After the enlargement, the gfisl cent
changed, therefore the transect location changed from year to year. Tdrepfalssence
of canopy was recorded at 1-m intervals. Furthermore, we counted trees (more than 2.5 m
height) within 1m on both sides of the transects and classified them as either dead o
alive. Data from both transects within a grid were pooled and results were expasss
stems/ha.

All vegetation variables were measured in both 2004 and 2005. However, except
for changes in the percent vegetation cover (see “Results”), the changesnbgbaes
were negligible. Therefore, with the exception of vegetation cover, we pooled the data

from both years.

Small mammal trapping

Capture, handling, and marking of all species followed the guidelines of the
American Society of Mammalogists (Animal Care and Use Committee 1898)04,
each of the six grids consisted of 100 trapping stations arranged in a 10 x 10 square at 10
m spacing. In 2005, the grids were enlarged to 144 trap stations (12 x 12). One folding
Sherman™ live trap was placed at each station. To protect captured animadsifirand
rain, the traps were placed inside open-ended waxed milk cartons or covered with foam
sheets. The traps were baited with oats and examined twice daily (morning amgeveni
A piece of carrot and polyester bedding were placed inside each trap to minimize
trapping effects such as weight decline and reduced survivorship (Pears@0@8a
Captured rodents were identified to species, weighed, sexed, and individuallyg foarke

toe-clipping or ear tagging (species the size of chipmiiaknjasspp] or larger). We did



not attempt to distinguish red-tailed chipmunksr{ficaudu3 and yellow-pine
chipmunks T. amoenusin the field, but in 2005, hair samples were collected from some

individuals and their species was determined via genetic analyses (Goa20eB3

Pitfall trapping

To increase the chances of capturing shrews, each live-trapping grid was
supplemented with three Y-shaped arrays of pitfalls and drift fences. Eagltansisted
of four pitfalls (one at the end of each arm and one in the center) connected with 5-m
sections of drift fence made of heavy-duty plastic sheeting. The pitfajlsawvere
smaller versions of the design proposed by Kirkland and Sheppard (1994). The arrays
were inspected once a day. Most shrews were found dead, collected anedlassifi
species through skull and dental examination. Shrews found alive were marked by toe

clipping and released. Their species was classified as “unknown”.

Timing of trapping

Live- and pitfall trapping were conducted every third week for four consecutive
nights and days. In total, there were eight such trapping sessions per site:tieur in t
summer of 2004 and four in 2005. The only exception was site F3, which was operated
for only the first three trapping periods in 2005.

For logistic reasons, trapping sessions could not be conducted at the same time at
all sites. To provide valid comparisons between burned and unburned sites, we divided
the sites into two sets, each consisting of one unburned and two burned areas. Sites
within each set were trapped concurrently. Trapping at sites C1, F1, and F3 began June 1
in 2004 and May 31 in 2005. At sites C2, F2, and F4 trapping began June 8 in 2004 and
June 7 in 2005.

Diversity index

We quantified small mammal diversity using the Simpson inde® £ 1 —
[=(pi)], wherep is the proportion oi-th species among all species captured at a given
site. This index was chosen because it de-emphasizes rare detections sutthiessafap

vagrant animals and is easier to interpret and more robust than other widely used indices



(Feinsinger 2001; Magurran 2004). Ninety-five percent confidence intervals (95%&r CI)

the Simpson index were calculated on the basis of the approach presented in Grundmann
et al. (2001), and differences were considered significant when the 95% CI did not
overlap.

Statistical analysis

At several trapping sites, most sampling circles did not contain any vegetati
any CWD, thus the data on these variables could not be normalized. Therefore we used
the Mann—-WhitneyJ-test to analyze the differences in vegetation cover and CWD
between burned and unburned study sites.

In most sampling occasions, small mammals were captured in numbers too small
to use abundance estimators (e.g. Pollock et al. 1990). Thus, we used the number of
unique individuals captured as an index of abundance. As recommended by McKelvey
and Pearson (2001), the chosen method was applied to all compared data.

The difference in the number of individuals captured in burned and unburned
areas was tested with the “goodness of fit” chi square test or, if lesBubanimals
were captured in either burned or unburned area, Fisher’s exact test {Piakgrif the
result was not significant, the “goodness of fit” chi-square test was usedrtone if
there were differences among particular sites. We used the same prdoddat¢he
hypothesis that the proportion of a given species differs between burned and unburned

areas. Significant results were indicatedPby values < 0.05.

Results
Vegetation sampling
Tree density averaged 2256 (SE = 456.0) stems/ha in unburned and 2038 (SE =

280.7) stems/ha in burned sites. All trees on the burned sites were killed by fireasvhe

in unburned areas, only 12% of trees were classified as dead (none of theseaudkre kil
by fire). As a consequence, canopy cover at burned areas (13%, SE = 2.1%pilas gre
reduced when compared to unburned sites (55%, SE = 6.8%).

Understory vegetation in both unburned areas was dominated by beargrass

(Xerophyllum tenaxand huckleberryMaccinium sp. Most of the vegetation in burned
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areas consisted of heart-leaved Arniden{ca cordifolig), fireweed Epilobium
angustifoliun), and beargrass.

During the first summer after the fire, vegetation cover in burned at@as
drastically reduced relative to unburned aréagdlue < .0001, Mann—-Whitndy-test).
Median percentage vegetation cover in burned sites ranged from 0.5-4%, whereas in
unburned areas it varied between 28-33% (Fig. 1). In 2005, median vegetation cover in
burned areas increasdetalue < 0.001, Mann—-Whitndy-test), ranging from 2.5-

31.5%. The fastest regeneration rate occurred at F4, the only north-faciyngistud
Increase in vegetation cover, however, occurred not only in the burned areas (where it
was expected as a result of succession), but also in unburned sites (to 50% at C1 and
62.5% in C2). Still, this increase was not significdhwélue = 0.113, Mann—Whitndy-
test). In 2005, the differences in vegetation cover between burned and unburned sites,
although smaller, remained highly significaRt\alue < 0.001, Mann—-Whitndy-test).

Fire did not appear to have reduced the amount of CWD (Fig. 2). In fact, the
burned areas contained more CWD than unburned &resije = 0.036, Mann—\Whitney
U-test).

Rodent communities

Relative abundanc@verall, 738 individuals representing 12 species of rodents

were caught (Table 1, Plate 1): 10 species were captured in live traps, andianadtit
species, heather volPlienacomys intermediuand northern pocket gophdmhjomomys
talpoideg, were found in pitfalls. During the first year after fire, the reabundance
of rodents differed among sitesX 13.96,d.f. = 5,n = 464,P = 0.016), but not between
burned and unburned areas €x1.81,d.f. = 1,n = 464,P = 0.18). In the second year
after fire, even though we enlarged every grid by 44% (see “Methods”), the nainbe
rodents caught was lower at each trapping site (Table 1). During thatlsszonthe
relative abundance of rodents was higher in unburned than in burned $ites4(45,
d.f.=1,n=274,P <0.001).
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Plate 1.—Selected small mammals captured in Boles Meadow, west-central Montana
Top row: on left deer mousBeromyscus maniculatphoto credit K. Ziétkowska), on
right chipmunk,Tamias sp(photo credit K. Zidtkowska). Bottom row: on left red-backed
vole, Myodes gapperfphoto credit L. A. Reynolds) and on right bushy-tailed woodrat,
Neotoma cineregphoto credit K. Zidtkowska).
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Community compositiorDeer mice Peromyscus maniculatusere invariably

the most numerous species in each burned site both years after fire. In 2004, iggs spec
represented 64.7% of individual rodents captured in burned sites, and 22.7% of those in
unburned areas @ 69.40,d.f. = 1,n = 464,P < 0.001). Similarly, in 2005 deer mice
accounted for 61.4% of individuals captured in burned areas, but only 6.6% of rodents in
unburned forest (% 86.91,d.f. = 1,n = 274,P < 0.001).

Red-backed volesMyodes gappeyiwere abundant in unburned sites, but
disappeared almost entirely from the burned sites. In 2004, red-backed voles accounte
for 31.2% of individuals captured in unburned areas, but only 2.2% of those captured in
burned areas 3¢ 84.60,d.f.= 1,n = 464,P < 0.001). Also in 2005, the proportion of
red-backed voles in burned and unburned sites was significantly different (63.6% vs.
8.5%, ¥ =93.13,d.f.= 1,n=274,P < 0.001).

The proportion of chipmunks did not differ consistently between small mammal
communities in burned and unburned areas. One year after fire, chipmunks represented
32.5% of all individuals captured. This proportion differed among sites (2.72,d.f. =
5,n=151,P = 0.026), but not between burned and unburned aréasqX5,d.f.= 1,n
= 464,P = 0.50). Two years after fire, chipmunks accounted for 20.1% of individuals
captured. Again, this proportion differed among sites<X5.30,d.f. = 5,n=55,P =
0.009), being higher in burned sites (26.1%) and lower in unburned sites (12.4%). This
difference is significant (X= 7.96,d.f. = 1,n = 274,P = 0.005), but largely driven by the
high number of chipmunks captured at site F4 (Table 1).

Genetic analyses of hair samples collected in 2005 revealed presence of two
species of chipmunk3,. amoenuandT. ruficaudus Among 14 sampled individuals,
nine were identified a§. amoenugfour found in unburned and five in burned sites), and
five asT. ruficaudugburned areas only). The difference in species composition between
burned and unburned sites was not significBrnt 0.221, Fisher’s exact test).

The proportion of bushy-tailed woodrabégotoma cinergawas higher in
unburned areas than in burned areas (26G40.001, 2005P = 0.024, Fisher’s exact
test). However, this result should be interpreted with caution, because this s@ecies
captured almost exclusively at site C2. Likewise, flying squi@laucomys sabrings

represented a higher proportion of the small mammal communities in unburned areas and
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lower in burned area® (= 0.001 in 2004 anB < 0.001 in 2005, Fisher’s exact test), but
occurred mainly at C2.

Other species, such as montane valdéisrptus montanus golden-mantled
ground squirrels§permophilugateralis), Columbian ground squirrelSpermophilus
columbianuy red squirrels{Tamiasciurusudsonicuy northern pocket gophers, and
heather voles (Table 1), were not captured frequently enough to justiyictti

comparisons.

Shrew communitiefverall, we captured 94 shrews (Table 2). In both years, we found 4

species: masked shre®.(cinereus pygmy shrew$. hoyj), vagrant shrews. vagrang

and montane shrev&( monticolus In 2004, we captured 28 shrews in two unburned

sites, but only 6 shrews in four burned site$%X84.62,d.f.= 1,n = 34,P < 0.001). In

2005, the number of different shrews captured equaled 42 in unburned sites and 19 in
burned ones (%= 34.77,d.f.= 1,n=61,P < 0.001). The lower overall abundance of
shrews in burned sites was primarily caused by the low numbers of masked shsew. Thi
species accounted for 82.1% of all identified shrews captured in unburned sites, but only
56.3% in burned sites & 4.63,d.f.= 1,n= 72,P = 0.032).

Small mammal diversity

One year after fire, diversity (@) at site C2 was significantly higher than in other
areas (Fig. 3). Diversity in burned sites was significantly lower thannthegtth unburned
sites. However, two years after fire the difference between burned and unlneeeed a
was no longer consistent. Diversity at sites C2 and F4 was significantly hghant
other sites, whereas diversity at F3 was significantly lower thantthayather site (Fig.
3).
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Discussion

Our study documents considerable differences in the composition of small
mammal communities soon after severe, stand-replacement foeabiatiare consistent
with expectations based on habitat associations of these species (e.g. Pearson 1999;
Foresman 2001; Pearce and Venier 2005). When compared to small mammal
communities in unburned forest, those in burned sites were distinguished by much higher
proportion of deer mice, substantially lower proportion of red-backed voles and shrews
and almost complete absence of relatively rare species such as bleshwtaidrats and
flying squirrels. These characteristics were mostly consistemssaburned sites and
between years. In 2004, the diversity of rodent communities in burned areas was
considerably lower than in unburned areas, but this effect disappeared during the second
year after fire. On the contrary, the relative abundance of rodents in bmchedl@zurned
sites differed during the second, but not the first year after fire.

An increase in deer mice has been reported after very different distishance
coniferous forest: wildfire (Krefting and Ahlgren 1974; Koehler and Hornocker 1977;
Créte et al. 1995), prescribed fire (Bock and Bock 1983), logging (e.g. Martell 1983;
Kirkland 1990; Walters 1991; Pearce and Venier 2005), and clearcutting followed by
burning (Ahlgren 1966; Halvorson 1982; Martell 1984; Sullivan et al. 1999). The most
frequently invoked explanations of this pattern increase involve (1) the increasel in f
resources in burned forests (insects and/or seed, e.g. Ahlgren 1966) and (2)ithe crea
of dispersal and/or population sinks in disturbed areas (Buech et al. 1977; Sullivan 1979a;
Martell 1984; Walters 1991, but see Tallmon et al. 2003).

The avoidance of burned areas by some species of small mammals, incldéding re
backed voles, bushy-tailed woodrats, and flying squirrels, can be attributedetontare
factors: (1) reduction in food resources, (2) increased exposure to predation, and (3)
distance of the burned plots to potential sources of colonists (>200m) in unburned forest.
The strong decline in red-back voles has been reported after various distuthahces
result in decreased cover: wildfire (Krefting and Ahlgren 1974; Buech et al.,1977)
logging followed by burning (Martell 1984; Halvorson 1982; Walters 1991), and
clearcutting (Campbell and Clark 1980; Martell 1982), although this response may be
dependent on the size of disturbed patches (Hayward et al. 1999). The avoidance of
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burned areas by flying squirrels could also result from their affinity to d=ms®py
cover for locomotion (Lehmkuhl et al. 2006).

There was no consistent difference in the overall proportion of chipmiinks (
amoenuandT. ruficaudu$ between burned and unburned areas. Both species of
chipmunks prefer areas with well-developed understory (e.g. Foresman 2001jorEhere
their abundance after high intensity fire is surprising and may suggest thiatiakne
effects of fire such as increased availability of seed (Ahlgren 1966) could osat@dor
the loss of cover.

Data on the responses of shrews to disturbance is very limited because they are
rarely caught both in snap- and regular live traps. Moreover, different spesiagwk
are usually pooled together and treated as identical. In 3 out of 5 studies outtitearc
in coniferous forest reviewed by Kirkland (1990) the abundance of shrews incréased a
the disturbance. Kirkland (1990) suggested that shrews, as secondary consumkes, may
less affected by the changes in plant communities. In the present studyehdhe
abundance of shrews was greatly reduced in the burned areas. This effedttedaene
driven by the decrease in masked shrew, a species that numerically dersinmate
communities in unburned forest. Similarly, in one of the few studies comparing the
responses of different species of shrew to disturbances, Spencer and Pettus (1966) found
that the proportion of masked shrew is lower in shrew communities in clearcuts. On the
other hand, Créte et al. (1995) and Pearce and Venier (2005) did not detect any change in
its abundance after wildfire and clearcutting, respectively, in boreal .forest

The lower abundance of shrews in burned vs. unburned forest could have been
caused by the intensity of fire that completely removed not only the vegetationlmatver
even the litter layer, and by the subsequent changes in the microclimate. irglicei
and shrub destruction, burned forest is much drier than unburned forest (Bendell 1974).
Since shrews have high water requirements and are strictly insectivbiswhange
may affect them directly or indirectly, by changing the abundance ofgieyi (Kirkland
1991; McCay and Storm 1997).
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Conclusions

Our study contributes to the growing body of evidence on the role of disturbances
in shaping ecosystems, creating habitat heterogeneity, and modifying animal
communities. Fire-created mosaic of burned and intact forest supports divergent sma
mammal communities.

Small mammal communities in burned forest do not contain unique, fire-
dependent species, unlike those of plants, insects, or birds. However, the dramggc cha
in abundances coupled with complete disappearance of some species crettesizedis
community composition that may allow some species to benefit in the short term aft
fire. Thus, disturbance may contribute to the maintenance of overall divensissa

longer successional span of time.
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Table 1.—Number of different individuals of rodent species captured at unburned (C) and {fe)rseéds during summer 2004 and 2005.

Trapping grid

C1

Species 2004 2005

2004 2005

2004 2005

F1

F2
2004

F3
2005 2004 2005

F4
2004 2005

Peromyscus

maniculatus 1 !
Myodes gapperi 29 50
Tamias sp(2) 39 13
Neotoma cinerea - -
Glaucomys sabrinus - 3
Microtus montanus - -
Spermophilus

lateralis

Spermophilus

columbianus

Tamiasciurus

hudsonicus

Thomomys

talpoides

Phenacomys

intermedius

15

15
10

© N

51 29 59

1 4 5
28 9 34

25 59 18 40

22

8
20

TOTAL 86 69

55

52

81 42 98

35 74 20 70

56
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Table 2— Number of different individuals of four species of shrews captured at unburneald(GYaed (F) trapping sites during

summer 2004 and 2005. Shrews found alive were marked and released. In these individiggsespagEioed unidentified.

Trapping site

Cl C2 F1 F2 F3 F4

Species 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005
S. cinereus 7 14 9 16 - 1 1 3 - - - 4
S. hoyi - - 3 1 - - - - 1 - - -
S. vagrans 2 1 - - - 2 - 1 - - - 1
S. monticolus - 1 1 1 - 1 - 1 - - -
Unknown 4 7 2 1 - - 2 1 1 2 - 2
TOTAL 13 23 15 19 0 4 3 6 2 2 0 7
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CHAPTER 2
A META-ANALYSIS OF THE EFFECTS OF
WILDFIRE, CLEARCUTTING, AND PARTIAL HARVEST
ON THE ABUNDANCE OF NORTH AMERICAN SMALL MAMMALS

Abstract:Wildfires and timber harvest are two of the most important disturbances in
North American forests. To evaluate and compare their impact on small marhmals
conducted a meta-analysis on (1) the effect of stand-replacementesilaifid several
types of forest harvest (clearcutting followed by burning, clearcutimg) partial

harvest) on the abundance of deer miRer¢myscus maniculatuand red-backed voles
(Myodes gappe)i (2) the impact of clearcutting and partial harvest on a broader array of
small mammal species, and (3) the responses of small mammals to recentiand olde
clearcuts (i.e. less than 10 vs. 10-20 years after harvest). In coniferomixaddorest,

all disturbances except for partial harvest triggered significantasessin the abundance
of deer mice and declines in red-backed voles. The increase in deer miceldfiter w
was stronger than after either clearcut or clearcut and burned. The abundaakee of r
backed voles was greatest in undisturbed or partially harvested stands,dratsrager
either clearcutting or wildfire, and lowest after clearcutting and bgriwhile the
positive effect of clearcutting on deer mice did not persist beyond 10 yesrs aft
disturbance, the negative effect on red-backed voles was similar beegeanhand older
clearcuts. In deciduous forest, clearcutting did not result in a consistent change in
abundance of deer mice and red-backed voles. For other small mammals, recent
clearcutting tended to increase the abundance of yellow-pine chipnmitarksaé
amoenuy and meadow and long-tailed volddi¢rotus pennsylvanicusndM.
longicaudu$. Woodland jumping mous@&lgozapus insignjsmasked shrewSprex
cinereuy, and short-tailed shrevBlarina brevicaudadid not show consistent response
to timber harvest. Overall, the impact of different disturbances on the abundancdl of sm
mammals (i.e. positive or negative) appears to be species-specific, but disuyipenc
may influence the magnitude of this effect. Disturbance types can be raokesevere

to mild in terms of small mammal responses.
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Introduction

The structure and function of North American forests has been shaped by natural
disturbance, predominantly wildfire (Attiwill 1994). Repeated fire cybkege occurred
in many North American forests for thousands of years (Hansson 1992) and forest
vertebrates show evidence of adaptation to this disturbance (Bunnell 1995). Currently
forest harvest (mostly in the form of clearcutting) has replacedditieeaprimary
disturbance in many American forests, causing concerns about loss of bibgmedsi
resilience of forest ecosystems (Toman and Ashton 1996; Simberloff 1999; Ciralcer e
2006). While it is widely accepted that conservation of biodiversity should be one of the
primary objectives of forest management (Kohm and Franklin 1997), the means to
achieve this goal remain contentious (see e.g. Simberloff 1999).

In recent years, the idea that carefully planned clearcuts could emulate and
substitute for natural disturbances (Hunter 1993) has gained remarkable popuolhigy
promoted as a way to integrate timber production with conservation of biodiversity
(Ehnes and Keenan 2002). Still, several researchers have pointed out considerable
differences in ecological consequences of fire and logging (e.g. McRA€601,

Hébert 2003; Schieck and Song 2006; Bergeron et al. 2007; Thiffault et al. 2007).

Harvest with retention of green trees (hereafter “partial haivieat’ emerged as a
common method to increase ecological sustainability of timber production (Wdrk et a
2003). Traditionally, the primary goal of partial harvest was to improve postgharve
stand regeneration (e.g. shelterwood or selection systems, Nyland 2002), butycairre
is often used to maintain “environmental values associated with structuraijbyecom
forests” (variable retention harvest systems, Franklin et al. 1997). Hqveewpirical
evidence supporting this use of partial harvest remains scant (Simberloff&fdte et
al. 2006).

In this study, | (1) tested the ecological premise of emulation sylviculging
small mammals as model organisms, (2) characterized the response of amalals to
different types of harvesting techniques, and (3) evaluated temporal civatiges
abundance of small mammal species in clearcuts. To achieve these ohjectives

conducted a meta-analysis on the changes in the relative abundance of smallsnamma
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after wildfire and several types of forest harvest: clearcuttiegrautting followed by
burning, and partial harvest.

Small mammals represent the majority of mammalian species in Northoame
forests and play important roles in the functioning of forest ecosystem/gsegr et al.
1978, Ostfeld et al. 1996, Jones et al. 1998, Tallmon et al. 2003). A relative profusion of
small mammal studies enables the use of meta-analytic approach, whishroffesved
control over type Il statistical errors (Arnqvist and Wooster 1995). Furtherrgpr
synthesizing results of studies conducted on different species, in differenteagas
within different timeframes, the scope of inference in meta-analysisecaeonsiderably
greater than in the standard single-study approach (Osenberg et al. 1999), rrigial
analyses are thought to be more informative and objective than qualitativeseview
(Arngvist and Wooster 1995).

This study consisted of three analyses. First, | compared the effetaad{ s
replacement wildfires and several types of forest harvest (cleagctdtiowed by
burning, clearcutting, and partial harvest) on the abundance of the two most commonly
investigated species, deer mi&efomyscus maniculatuand red-backed voleM{odes
gapper). This comparison directly addressed the question of whether anthropogenic
disturbances emulate natural ones. Second, | quantified the impact of clegrandti
partial harvest on the abundance of a broader array of small mammal :spsltoes
pine chipmunk Tamias amoenysdeer mouse, red-backed vole, woodland jumping
mouse Neozapus insignjsmeadow and long-tailed volMicrotus pennsylvanicusnd
M. longicaudu} masked shrewSprex cinereys and short-tailed shrevBlarina
brevicauda. This analysis measured relative severity of these types of hagvest
techniques according to their influence on small mammals. Third, | examined the
temporal dynamics of the effects of clearcutting on all of the above speaept
yellow-pine chipmunk and long-tailed vole. The goal of the third analysis was tdydent
species with ephemeral and long-lasting responses to this disturbance. Togetber, the
analyses assessed whether natural and anthropogenic disturbances could beoranked fr
mild to severe in terms of small mammal response, or whether species/disturba

relationships were unique and idiosyncratic.
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Materials and Methods

Source Data

The data set used in this meta-analysis consisted of studies reportingdteaf
wildfire, clearcutting followed by prescribed burning, clearcutting, andgdrdirvest on
the abundance of North American small mammals (rodents or shrews). The @nalyze
studies were published between 1970 and 2008. | identified relevant publications by
searching online databases of Agricola and the Web of Science (conducted R0OAjil
using the following search word®restand (oggingor harvest or clearcut or fire or
wildfire or burn*), and (“smallmammals”or rodent* or miceor mouseor vole* or
shrew), and searching bibliographies of the studies that | retrieved.

| selected studies that reported the abundance of small mammals in dishabed a
matching undisturbed (control) forest. Because the abundance of small maendaltot
fluctuate from year to year, | included only studies where trapping was cedduct
simultaneously on disturbed and undisturbed plots. When pre-disturbance data were
available, they were examined only qualitatively to ensure that control pogs w
sufficiently similar to those that became disturbed.

| selected research papers where estimates or indices of abundanderwenr
from trapping and presented in text, tables, or bar charts. When the same results w
presented in several papers, | used the most inclusive version. | did not usepuggtra
studies where the number of captures rather than the number of different individuals
captured was used. | excluded studies where abundances of related specpmied
because species within the same genus are known to react differeatlysto f
disturbance (e.g. Songer et al. 1997). To avoid confounding effects of patch comfigurati
and edge effects, | did not use data from studies on strip clearcuttingcleaiciutting
(clearcuts less than 2 ha), or other logging practices such as aggregatedréarvest

(Franklin et al. 1997) that create small-scale mosaic of undisturbed and disturlsed fore

Calculation of Effect Sizes

Evaluating small mammal abundance requires considerable trapping effort
Therefore most studies in the data set were either unreplicated or comtaine-3

replicates in each treatment. Furthermore, standard deviations could not beéxtra
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from most of the studies. Thus, | could not apply commonly used effect sizes that are
based on standard deviation and often require sample size greater than 5 or 10
(Rosenberg et al. 2000). Instead, | used the relative abundance index (RAI) dikbglope
Vanderwel et al. (2007):

RAI = (Ndisturbed— Nundisturbea/(Ndisturbed"' Nundisturbea

whereNgisturbed@NdNungisturbediS the abundance reported for disturbed and undisturbed
sites, respectively. This index ranges from -1 (species found in disturegdsiy) to 1
(species found only in undisturbed sites).

| selected only those studies where at least 10 individuals were capturéebist at
one site category (disturbed or undisturbed). To avoid potential bias, | did notyuse an
other inclusion criteria based on study quality (Englund et al. 1999). However, studies
that involved more intensive sampling are more likely to yield reliable seSidttake
this into account, | weighted the effect sizes by theylofithe total number of
individuals used to calculate given RAL. | chose this conservative weightiegnec
because the number of different individuals used to calculate RAI ranged from 10 to
4004.

Some studies did not provide the number of individuals captured or information
sufficient to calculate it. In such cases, I tried to contact their corresppoadlinor. For
studies where this information proved impossible to obtain, | included only those where
in at least one site category standard error of the abundance did not exceedktloé val
the mean. For such studies, | assumed the lowest acceptable number of captures, thus
their weight equaled lag(10) = 1.

Studies were divided according to (1) the type of disturbance, (2) time since
disturbance, (3) forest type (coniferous, mixed, and deciduous). For each study, |
calculated one effect size per species per category (disturbancenmgead forest
type), using abundances averaged across years and replicates.

Disturbances included stand-replacement wildfire, clearcutting followed by
broadcast burning, clearcutting, and uniform partial harvest. The last categottyeva

most varied. It included harvest labeled as shelterwood (e.g. Waters ahd 238)e
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diameter-limit cut (e.g. Ford and Rodrigue 2001), basal area retention hargesl{ot
and Root 2006), or single-tree selection (e.g. Klenner and Sullivan 2003). Most studies
on partial harvest included in this analysis were conducted after removab0f/30f
basal area (range 29-79%; restricting the analysis to 30-60% of basamosed did
not influence the overall pattern).

Time since disturbance was divided into 2 categories: early (<10 years aft
disturbance) and late (10-20 years after disturbance) because this gnvapivery
common among the reviewed studies. Studies reporting a single measure of abundanc
from a period covering two of the above categories were assigned on the basaef gr
overlap (e.g. 8-14 years after logging were assigned to the “10-20 yteai<afegory).
Time was calculated since the most recent disturbance (e.g. the date ofdirbaduag
rather than the date of prior clearcutting). | excluded data collected wWithfirst 3
months since the disturbance to avoid confounding effects of disturbances on habitat with
their direct effects on small mammals.

Overall, 52 studies satisfied all the above-listed criteria (see Appendix A)

Statistical Analysis

To analyze species-specific changes in abundance after forest distarbarsesl
a multiple linear regression model with RAI as the response variable amdbdrsce type
(comparison 1), small mammal species and harvest practice (comparisonsrig) or s
mammal species and time category (comparison 3) as explanatory &riable

In each analysis, normal distribution of errors was assured by examining Q-Q
plots and conducting Shapiro-Wilk tests @Nalues were > 0.1). Examination of
residuals revealed mild nonconstant variafeealues of less than 0.05 were considered
“significant” and those between 0.1 and 0.05 “marginally significant”.

To examine the robustness of my findings, | conducted also the Kruskal-Wallis
analysis of variance on ranks followed by the Wilcoxon tests on the unweighted data.
Qualitative conclusions did not differ from those based on parametric téisteeights
(results not shown). All analyses were conducted in R (Ihaka and Gentleman 1996).

Initial data analysis suggested that for deer mice and red-backed vole$gdte ef

of harvest differed between deciduous and coniferous/mixed forests. Therefdneséor t
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two species, data from deciduous forests were not included in comparisons 1-3 below,

but were analyzed separately.

Results

Comparison 1: Short-term (0-9 vears) effects of wildfire and foregsehiain coniferous

and mixed forest on deer mice and red-backed voles

Deer mice increased in response to all forest disturbances, but the strehgth of t
response depended on the type of disturbance (Fig. 1). The response to fire was stronge
than to any other disturbances: clearcutting followed by burting=-1.99,p = 0.053),
clearcutting (5 40= -3.73,p = 0.0006), or partial harvest go=-4.43,p < 0.0001). The
effects of partial harvest did not differ from those of clearcutting$ 1.255,p = 0.217).

Red-backed voles decreased in response to all disturbances with the exception of
partial harvest (Fig. 1). The effects of clearcutting followed by burnierg wot
significantly different from those of wildfiré{3,= 0.68,p = 0.498). The decline in
abundance after wildfire was stronger than after clearcuting=-2.20,p = 0.034). For
red-backed voles, the impact of clearcutting was significantly differenttkizd of partial
harvest{; 3= -2.74,p = 0.01).

Comparison 2: Short-term effects of clearcutting and partial harvest

Yellow-pine chipmunksdeer miceand bothMicrotus species were significantly
more abundant and red-backed voles were significantly less abundant in clear cuts
relative to undisturbed areas (Table 1). Partial harvest significantlyaseztdhe
abundance of yellow-pine chipmunks and marginally significantly increased alwendan
of meadow voleg¢Table 1). The responses of other species to either type of forest harvest
were not statistically significant and in general, small mammaiepeesponded in a
similar way to clear-cutting and partial harvest. Other than the reddbaoke
(comparison 1 above), onMicrotus species showed some evidence of a difference in
the response to clearcutting and partial harvest (long-tailedtygle:-1.95,p = 0.053
and meadow voldj;; =-1.80,p = 0.074).
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backed volesMyodes gapperfopen circles) after stand-replacement wildfire and three
types of timber harvest relatively to undisturbed forest. Bars repréaadasd errors;

numbers denote sample sizes.
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Table 1.—Abundance of small mammals in clear-cut and partially harvested forest

relatively to undisturbed forest, 1-9 years after disturbdsmlues concern the

hypothesis that the relative abundance index (RAI) equals 0.

Species Harvest type RAI (SE) t-value | P-value
(sample size in parenthesis)
Short-tailed shrew Clear-cutting (10) -0.0€ (0.12) | -0.47 0.639
Partial harvest (6) 0.0C(0.16) -0.03 0.980
Red-backed vole | Clear-cutting (14) -0.35(0.09) | -3.80 0.0002
Partial harvest (11) 0.08(0.10) |0.76 0.450
Long-tailed vole | Clear-cutting (4) 0.6€(0.17) | 3.95 0.0001
Partial harvest (3) 0.1((0.24) | 0.44 0.664
Meadow vole Clear-cutting (11) 0.72(0.12) | 6.17 >0.0001
Partial harvest (5) 0.32(0.18) 1.78 0.078
Woodland Clear-cutting (6) -0.07(0.17) | -0.42 0.675
jumping mouse | Partial harvest (3) 0.0€(0.26) | 0.36 0.722
Deer mouse Clear-cutting (19) 0.24(0.08) | 2.94 0.004
Partial harvest (12) 0.12(0.10) |1.14 0.257
Yellow-pine Clear-cutting (3) 0.67(0.20) | 3.28 0.001
chimpunk Partial harvest (5) 0.47(0.17) 2.70 0.008
Masked shrew Clear-cutting (11) 0.1z (0.12) 1.04 0.301
Partial harvest (3) 0.0 (0.23) | -0.02 0.987
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Comparison 3: Long-term effects of clearcutting

10-20 years after clear-cutting, the abundance of deer mice and meadsw vole
was no longer higher than in undisturbed forest (Table 2). For both of these species, the
short-term and the long-term responses to clear-cutting were maygliffdtent (deer
mousetyg = 1.77,p = 0.079; meadow volags = 1.83,p = 0.071). There was some
indication that at this stage the abundance of woodland jumping mice may beimigher
clear-cuts than in undisturbed forest, but the evidence was inconclusive (Table 2). The
short- and long-term responses of this species did not differ significegthy-L.50,p =
0.138). Red-backed voles were negatively affected by clearcutting evenanghedm
(Table 2). There was no difference between the short-term and longetgwonse of this
speciestgs = -0.35,p = 0.729). Shrews did not show significant long-term response to
clearcutting (Table 2) nor any difference between short-and long-téenotsefshort-
tailed shrewtgg = -0.20,p = 0.887; masked shrewgs = 0.30,p = 0.765).

Table 2.—Abundance of small mammals in clear-cut areas relatively to undisturbed

forest 10-20 years after disturbance.

Species RAI (SE) t-value | P-value
(sample size in parenthesis)

Short-tailed shrew (8) -0.02(0.15) | -0.20 0.846
Red-backed voléB) -0.30(0.13) | -2.32 0.023
Meadow voleg(4) 0.2£(0.23) 1.11 0.270
Woodland jumping mous@) | 0.3 (0.19) 1.72 0.088
Deer mous€7) -0.0£(0.14) | -0.38 0.707
Masked shrew6) 0.0€(0.17) | 0.34 0.737
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Effects of clearcutting in deciduous forest on the abundance of deer mice andked-ba

voles

Due to the small number of studies conducted in deciduous forest (6 for each
species), only the short-term effects of clearcutting on deer mice abdcked voles
could be analyzed statistically. In contrast to coniferous and mixed forest;utting in
deciduous forests did not affect the abundance of these species relative to undisturbe
areas (deer mouse: RAI =-0.02, SE = 0d2,0.88; red-backed vole: RAI = 0.15, SE =
0.21,p = 0.49). The differences between responses in deciduous versus coniferous/mixed
forests were marginally significant (deer mousge= 1.84,p = 0.078; red-backed vole:
t1g=-2.06,p = 0.054).

Discussion

Disturbances clearly differed in their severity as measured by frectron small
mammals. The effects of stand-replacement wildfire were strongeitihose of
clearcutting, at least for the two most common small mammals: red-baclesgd which
tended to decline in abundance after disturbances, and deer mice, which tended to
increase. The rank of clearcutting followed by burning was unclear: thesefifethe
abundance of deer mice were weaker than those of wildfire, but the impactedtfwbes
disturbances did not differ for red-backed voles. This lack of resolution may be cgused b
the low number of small-mammal studies on this kind of disturbance. As expected,
partial harvest tended to have weaker effects than clearcutting, but fosmradbt
mammal species this difference was not significant. In general, gpenses to these
disturbances were characterized by considerable intraspecifitaarighich deserves
closer scrutiny.

In this analysis, | pooled together different types of harvest under theofabel
“partial harvest”. While it would be useful to examine how the responses of small
mammals change with retention level (as was done for forest birds by eheeal.
2007), the existing number of studies did not allow this level of resolution. Moreover,
small mammal response to a relatively homogeneous harvest method, tiegraais
similarly varied. These differences are most likely related to ti@mién certain habitat

features, possibly caused by differences in clearcutting techniqueso@rifjcation:
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Martell and Radvanyi 1977) and regional climates affecting regeoieratie. The
literature on small mammal habitat use in disturbed forest is extensive gs&zarson
1999; Fisher and Wilkinson 2005 and discussion sections in Klenner and Sullivan 2003;
Fuller et al. 2004; Sullivan et al. 2008), but based mostly on correlative evidence.
Therefore, it should not be surprising to find numerous contradictory findings. For
example, in different studies, deer mice have been found to prefer open aresen(Bear
al. 2001; Fuller et al. 2004; Kaminsky et al. 2007), areas with dense vegetaticgr¢Bow
and Smith 1979; Vickery 1981; Kyle and Block 2000; Morris 2005), or not to show any
vegetation preferences at all (Smith and Maguire 2004). Clearly, we need more
experimental, manipulative studies on small mammal habitat use to be ablerto bette
understand their habitat preferences (see e.g. Moses and Boutin 2001; Craig et al. 2006).

The impact of different disturbances on the abundance of small mammals (i.e.
increase, decline, or no change) appeared to be species-specific. Spe@es ¢alatiot
increase during the first 1-9 years after disturbances included halbitaibgts (deer
mice and yellow-pine chipmunks) and species that prefer grassy areaes sauelgr
caught in closed forests (meadow and long-tailed voles). The abundance ofilgtbrt-ta
and masked shrews did not change in response to forest harvest. In the long-term,
woodland jumping mice appeared to be positively affected by clearcutting, perhaps
because of their association with abundant herbaceous cover that develogsafigris
removed (Miller and Getz 1977; Kaminsky et al. 2007). However, the evidence of
positive response was not conclusive.

The only species that was negatively affected by all disturbances gectal
harvest was red-backed vole. Moreover, this negative response was lasting;atsdndi
by the long-term decline in abundance after clearcutting. This result ocateb findings
of recent field studies: St-Laurent et al. (2008) concluded that stands of 3 ghh(hei
14-17 years after harvest), considered “regenerated” under the legisiasome
Canadian provinces, do not maintain abundance of red-backed voles similar to those of
unharvested mature forest. Red-backed voles show strong preference for siith me
habitats (Yahner 1986; Morris 1996) and have been proposed as an indicator of mature
forest (Nordyke and Burskirk 1988; McLaren et al. 1998; see also Pearce and Venier

2005 for critical evaluation). This analysis shows that this role may be played in
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coniferous and mixed forests only. In deciduous forests, the abundance of red-backed
voles tended to be similar between clearcuts and mature forests.

The response of deer mice also differed between deciduous and coniferous forest,
but for other investigated species forest type did not influence the effectesiftiarvest
in any perceptible way. This is in agreement with the statement that wdessiag the
effects of forest harvest, for many species of small mammals fip&rantly not
necessary to make a major distinction between coniferous and deciduous forests”
(Kirkland 1990), at least until more studies are conducted and higher resolution can be
achieved.

The debate over whether forest harvest should emulate severe naturalmissirba
such as stand-replacement fires, or retain structural features textodth mature forest
is still ongoing. The current study indicates that the results of cleagugtien if it is
followed by broadcast burning, differ from those of stand-replacement wgdfir
Therefore, emulation of natural disturbance may be problematic. So far, theoosn f
has been on emulating the shape and size distribution of fires (Hunter 1993). However, if
there are intrinsic differences in local habitat quality between burned ancutlageas,
adjusting the shape and size of clearcuts is unlikely to be successful iniregrihia
effects of fires. Harvest that retains residual structures suchg@samé logs is unlikely
to increase the similarity between the effects of wildfire and fdv@wvest because
effects of the former on small mammals appear tmbee not less severe. The
management implications of this analysis are profound: managers need to pay more
attention to managing for the maintenance of naturally disturbed (burned) fores
conditions because artificial disturbance is clearly not a good substitute.

Studies on other taxa yield similar results. Buddle et al. (2005) found considerable
differences between clearcutting and wildfire in the succession ratthadpod
communities. They concluded that the effects of wildfire were more stharéhose of
clearcutting. Bird communities also differ between stands disturbed byrevi&dfd forest
harvest (Schieck and Song 2006). These differences are very pronounced durisg the fi
10 years after disturbance, tapering off afterwards. However, in conteathropods or
birds, there are no fire-dependent species among small mammals in Nortcakmeri

forests.
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Perhaps the most important question is if the differences in small mammal
responses to disturbance affect the functioning of forest ecosystems. ltgven t
commonness of investigated small mammal species, even relatively smallsimnge
their numbers may influence important ecological processes (Gaston agrd2B0IT).

For example, Tallmon et al. (2003) found that increased number of deer mice after
clearcutting, and resulting increase in seed predation, was hamperingetheratign of
an endangered plarfrillium ovatum Similarly, the postfire increase in deer mice may
slow down the rate of forest regeneration (Chapter 5). Moreover, red-backedrgoles a
known to be the main dispersal vector for mycorrhizal fungi, which are crucial for the
regeneration of coniferous trees (Maser et al. 1978). It is difficult to judgethese
interactions may differ between areas subjected to wildfire and fuaestst because
responses of small mammals to natural and anthropogenic disturbances differ only

guantitatively, not qualitatively (i.e. by the magnitude of change, not by itsidirgct

Conclusions

The results of this study demonstrate that the qualitative responses of small
mammals to disturbance are species-specific, but relatively consistess fires and
different cutting regimes. However, the type of disturbance strongly ikhseihe
magnitude of that response. According to their effects on small mammalshaixes
can be ranked from mild (partial harvest), through moderate (clearcuttirg)ees
(stand-replacement wildfire). As found with other taxa, the effects oftfoaegest on
small mammals are not equivalent to those of wildfire. Still, the ecologiogkequences

of these differences remain unknown and deserve future investigation.
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CHAPTER 3

DEER MOUSE DEMOGRAPHY IN BURNED AND UNBURNED FOREST:
NO EVIDENCE FOR SOURCE-SINK DYNAMICS

Abstract:Deer mouseReromyscus maniculatupopulations increase dramatically after
wildfire. These increases are puzzling because there are no obvious food sources or
vegetation cover in severely burned areas. We conducted a capture-mark-retagjure

of deer mice in a mosaic of burned and unburned montane forest in western Montana to
determine if their postfire increase could be explained by source-sink ogavith

burned areas acting as a sink. When overall mouse densities were very low, the vast
majority of the population was found in burned areas. Mice appeared regularly in
unburned forest only when the densities were high. This pattern is precisely ogposite t
the expected results if the sink hypothesis were correct. Moreover, mice id boeas

did not show decreased body weight, reproductive performance, or survival when
compared to mice in unburned areas. Age structure and sex ratio did not differ between
burned and unburned sites. We conclude that burned areas do not function as population
sinks; rather, they represent high-quality habitat for deer mice.
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Introduction

Habitat quality is a central theme of spatial population ecology and wildlife
management (e.g. Pulliam 1996; Rodenhouse et al. 1997; Root 1998; Franken and Hik
2004). Natural environments are patchy, and thus habitat quality changes pacess s
This patchiness is particularly pronounced after disturbances such ashiole often
results in sharp boundaries and drastic differences between affected anctehaffeas.
Even though we expect that species with wide ecological tolerance willafteipy
both disturbed and undisturbed patches, habitat quality is likely to be differenar§imil
we expect population dynamics to vary between disturbed and undisturbed patches.

Traditionally, ecologists assumed that all suitable habitat patches would be
occupied and that a species would only occur in suitable habitat (Pulliam 1996). Habitat-
specific demography was ignored and population density served as the priraatyene
of habitat quality (Van Horne 1983). This view has been challenged by the concept of a
dispersal sink (Anderson 1970; Lidicker 1975). Dispersal sinks were usually thought t
be of low quality, but in some situations sink populations could reach high densities
(Lidicker 1975). Later, mechanistic source-sink models (Holt 1985; Pulliam 1988)
guantified those circumstances when low-quality habitat would nevertheless be
characterized by high population density. Source-sink models predict that fitifiexss di
among habitats as a consequence of passive dispersal (Holt 1985), territoaetioner
(Pulliam 1988; Pulliam and Danielson 1991) or maladaptive habitat choice (e.g. Delibes
et al. 2001). The source-sink model quickly gained enormous popularity, but its
prevalence in natural systems is unclear (see reviews by Diffendorfer i®®y &unge
et al. 2006). Alternative models of population dynamics in heterogeneous environments
predict that fitness will tend to equalize among habitats (e.g. Fretwellumad 1970;
McPeek and Holt 1992). The concept of ideal habitat selection (Fretwell and19#s
Morris et al. 2004) assumes that animals always choose the best habitditi@eent that
habitat quality declines with the density of conspecifics. Thus, population demgity m
differ among habitats with different carrying capacities, but theagesfitness will not.

In the present study, we investigated demography and habitat selection of dee
mice,Peromyscus maniculatus burned and unburned montane forest. This species is

renowned for its capability for spectacular increase in abundance aéistr disturbances
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such as wild and prescribed fire (e.g. Halvorson 1982; Bock and Bock 1983; Martell
1984; Créte et al. 1995; Converse et al. 2D0bhese increases are puzzling for several
reasons. First, there is no apparent food in severely burned areas. Secon(irsevere
often removes all vegetation and even litter, thus mice appear to be at incigaséd r
predation. Moreover, several studies suggested that deer mice preferatitatshwvith
dense vegetation cover (e.g. Bowers and Smith 1979; Morris 2005; Craig et al. 2006),
and experimental studies have shown that mice in such areas suffer less priedation t
open sites (Longland and Price 1991). Therefore the idea that severely burned sites
function as sink habitats for deer mice is intuitively appealing. Such a solutios to t
apparent paradox of postfire increase in deer mice after severe wialiteeen

suggested by Buech et al. (1977), Martell (1984), and subsequently repeatecent a rec
review by Fisher and Wilkinson (2005).

We examined two related hypotheses: (1) burned montane forest represents low-
guality deer mouse habitat, and (2) the postfire increase in deer mice is afresult
immigration from unburned sites rather than a consequence of imesige
reproduction. To test the first hypothesis, we compared survival, body mass, and density
in burned and unburned forest during times of high and low abundance. Survival has
been recognized for a long time as an important determinant of habitat quatity (Va
Horne 1982) and more recently as a vital rate of high importance to population growth in
the vast majority of investigated species (e.g. Pfister 1998; Crone 2001) inclueiing de
mice (Citta 1996). Adult body mass (a proximate measure of condition) should be lower
in low quality habitats; dominant individuals inhabiting high suitability areas are
expected to have higher body mass than subordinate individuals found in lower-quality
habitat (e.g. Van Horne 1981; Halama and Dueser 1994). Finally, during times of low
abundance, agonistic and territorial interactions in deer mice are rarié {983; 1989)
and mice are supposedly “free” to select their preferred habitat. Thenéfanrened areas
serve as sinks, when deer mouse density is low most mice should be found in unburned
areas.

To test the second hypothesis, immigration as a cause of population increase, we
compared reproductive effort in burned and unburned areas. If the population increases in

burned forest result from immigration rather than in situ reproduction, deer mouse

-37-



reproduction in burned areas would be markedly lower than in unburned areas.
Additionally, we compared the age structure and sex ratio in burned and unburned areas.
If dispersal is biased by age or sex, spatially variable age structse® catios may be a
sign of spatially imbalanced dispersal (Doncaster et al. 1997), possibgddayisource-
sink dynamics (Gundersen et al. 2001).

If the quality of burned areas is indeed low, it would be a spectacular example of
“abundance as a misleading indicator of habitat quality” (Van Horne 1983;0Ridgal.
2003). Moreover, if movement from unburned areas caused the population increase, this
could be a case of high-density sink population maintained by influx of surplus
individuals from low-density source. This situation was envisioned by Pulliam (1988),
but to our best knowledge has not been yet reported in empirical studies. On the other
hand, if the quality of burned areas is high, this counterintuitive result would demenstrat
that disturbances that seem very damaging may actually increase tadilits for
certain generalist species, even if they are usually associated wistunineld habitat

types (Foresman 2001).

Materials and Methods

Study Site
The study was conducted at Boles Meadow (47°60’N, 113 °45’'W), located in the

Seeley Valley, approximately 40 km northeast of Missoula, Montana, U.S.A (Fighel)
area was predominantly Douglas-ftseudotsugaenziens)iwestern larchl{arix
occidentali3 forest. The understory was dominated by beargda®phyllum tenax

and huckleberryMacciniumsp.). Boles Meadow burned in August 2003 in a lightning
strike-induced fire that encompassed 2000 ha of forest. At the beginning of summer
2004, six trapping grids were constructed: two (C1 and C2) in unburned and four (F1-F4)
in burned forest. The design is unbalanced because the study was intended as an
investigation into the effects of salvage logging on wildlife and sites F3 andré4 we
supposed to be harvested, although logging did not occur until late summer 2005. All F-
grids were located within a high-severity burn, where fire killed adstand completely
removed the litter layer. During the first year after fire, therelitbssto no understory

vegetation in these trapping grids. In the second year after fire, the onglemstsisted
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mainly of fireweed Epilobium angustifoliuthand heart-leaved ArnicArnica

cordifolia) (Plate 1, see also Chapter 1 for more detailed description of the effecés of fir
on vegetation). With the exception of F4, which was on a north aspect, the trapping grids
were located on southern aspects, at elevations ranging from 1721 to 1869 m. Median
distance between grids equaled 2.2 km (maximum 5 km). All grids were located more
than 200 m from the edge of the burn and, in the case of F-grids, from unburned patches

within the burned area.

Forest Fires of 2003
U.S. Forest Service Northern Region

WYOMING

Fig. 1. Wildfires that burned in the area of western Montana in 2003 (source: National

Resource Information Systeimtp://nris.mt.goy modified), with the study site indicated

by an arrow.
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Plate 1—Montane forest at Boles Meadow, west-central Montana, one yeaa(idft)

two years (right) after stand-replacement fire. Photo credit R. Zwolak.

Trapping Procedure

We used a robust design with four primary sessions, each consisting of four
secondary sessions (Pollock 1982; Pollock et al. 1990). Trapping was conducted during
summer 2004 and 2005. The interval between consecutive primary sessions was three
weeks with secondary sessions consisting of four nights and days of trapping. igms des
should yield reliable estimates of survival and population density (Pollock 1982).
Because daytime captures of deer mice were very uncommon, days ravelggr
additional information; we pooled daytime and nighttime captures into 24-h periods.
Concurrent trapping at all grids was unfeasible for logistic reasonsthsges were
divided into two sets, each consisting of one unburned and two burned areas. Sites within
each set were trapped at the same time. In 2004, trapping at sites C1, F1, and F3 began
June 1 and ended August 6. At sites C2, F2, and F4 trapping began June 8 and ended
August 13 in 2004. In 2005, the schedule was the same as in 2004, but trapping began
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and ended one day sooner. Because of salvage logging, the fourth primary trapping
session in 2005 could not be conducted at site F3.

In 2004, each of the six grids consisted of 100 trapping stations arranged in a 10 x
10 square with 10 m spacing between traps. To increase the number of captures and
hence the precision of population estimates, in 2005 the grids were enlarged to 144 trap
stations (12 x 12). One folding Sherman™ live trap was placed at each station. The traps
were covered with foam sheets or open-ended waxed milk cartoons, supplied with
polyester bedding, and baited with oats and a small piece of carrot. Each captured mouse
was individually marked by toe clipping. We used the marking scheme proposed by
Melchior and Iwen (1965), which enables to mark up to 899 numbers without clipping
more than one toe per foot. All capture, handling, and marking procedures followed the
guidelines of the American Society of Mammalogists (Animal Care andCOsenittee
1998).

Demographic Analyses

Deer mice captures were analyzed with program MARK (White and Burnham
1999) separately for years 2004 and 2005. We used Huggins closed robust design
(Huggins 1989, 1991) because of its good performance given sparse data (Conn et al.
2006). The most parsimonious models were determined with Akaike’s information
criterion corrected for small sample size (Al@nd ranked according tOAIC.. The
model that fits data best receiv&aIC; equal 0. Models witAAIC. <2 have strong
support, those with 2 AAIC. < 7 have considerably less support, and those AMIC >
10 have basically no support (Burnham and Anderson 208@82L. weights represent
another convenient method of comparing the strength of evidence: they can be atterpret
as the probability that a given model is the best for the data (Burnham and Anderson
2002).

Since between-site movement was extremely rare (five out of 241 individuals
captured in 2004 and four out of 102 in 2005 moved among burned sites), each captured
individual was assigned to a group according to the trapping site (six groups). &gmpor
emigration ¢) was not frequent enough to be estimated and was set to 0 in all models.

Apparent survival®, estimates presented for 21-d periods), capp)reaqid recapturec)
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probabilities were modeled as (1) constant, (2) differing between burned and unburned
sites, (3) changing among primary periods, or (4) changing both between burned and
unburned sites and among primary periods. Apparent survival, capture, and recapture
were allowed to vary independently, thus there were 4 x 4 x 4 = 64 models for each year
Over-parameterized models (determined by the examination of standasdoérror

estimates and parameter counts) were removed from analysis. Estirasgenodel-
averaged to reduce model selection bias (Burnham and Anderson 2002) and presented
with unconditional standard errors (SE) or 95% confidence intervals (95% CI).

To derive estimates of deer mouse abundance in burned and unburned areas we
averaged estimates from particular trapping sites. A variance estiraaxplicitly
incorporates sampling variation of individual sites was derived using therDeilend
(Seber 1982:138):

[(sum of the variances of site-specific mark-recapture estimaiés) /
where n is the number of burned= 4) or unburnedn(= 2) sites.

We calculated 95% CI of the abundance estimates using the following formula
(Chao 1989):

f
Mt+1+EO’Mt+1+ fOc:

var(Nj R
WhereC =exp 196 [log 1+ P and f, = N—M,,, is the number of

0

individuals not captured, anidl,,, is the number of unique animals captured.

To assess population density, we estimated samataaas the grid area plus a
boundary strip equal to mean maximum distance letwiee two farthest capture
locations (“mean maximum distance moved” or “MMDM”)

A=L?+4L (MMDM) + n (MMDM)
whereA = the estimated area of a grid dni$ length of grid side (after Parmenter et al.
2003). The variance & was estimated with the Delta method (Parmentat. 003):

Var(A) = (4 + 2 (MMDM))? Var(MMDM).
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Mean minimum distance moved was calculated for el@eln mouse captured at
least twice in a given primary period (individuéldfilling this condition in more than
one primary period entered the analysis more timae)o This approach compensates for
the increase of the actual trapping area causedjtyires of animals with home ranges
only partially enclosed by grid. Although the theiical assumptions of this method are
controversial (Parmenter et al. 2003), it has peréa well both in simulations (Wilson
and Anderson 1985) and empirical studies (Parmentait 2003).

Reproduction
Reproductive effort was estimated by the perce¢miales and males captured

in reproductively active condition in each primaeriod. Females were considered
reproductively active when pregnant (visible nigpdad distended belly) or lactating
(enlarged nipples) and males when scrotal (descetedées). As the same individual
could be reproductively active in one primary pdramd inactive in another, the
reproductive status of the same individual in défe primary periods was treated as a
separate sample. For this index, both the numbenac# and the duration of reproductive
activity are of equal importance. Since mice camehmore than one litter per season, a
longer period of reproductive activity contributeshigher reproduction. Thus, metrics
counting the proportion of reproductive mice infe@admary sample period regardless of
identity is useful, even though the samples arestrattly independent.

Body Mass of Adult Mice
All deer mice were weighed with PesBfascales at their first capture in each

primary period. Adult mice were defined as indivatkithat completed the post-subadult
molt, as indicated by a brown pelt (juvenile pslgrey). This molt is usually finished by
the twenty-first week of age (Layne 1968). Everutfiosome young of the year
completed the post-subadult molt near the endeostimmer, this class consisted mostly
of overwintered individualslf the same adult animal was captured in more tran
primary period, its average mass was used fordhgarison. To avoid bias, pregnant

females were excluded from the analysis.
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Age Structure and Sex Ratio

Adults and juveniles were categorized accordinthéir pelt as described above.
Age structure was expressed as the proportionvehjles among individuals captured in
a given primary period. Sex ratio was expressdati@percentage of males or females

among all individuals captured throughout the summe

Results
Capture Rates and Probabilities
We captured and individually marked 241 (209 innegrand 32 in unburned
areas) and 102 (94 in burned; 8 in unburned) désx m 2004 and 2005, respectively.

The “best” models, according AC, values, are presented in Table 1. In 2004, the
highest-ranking models were those where survivaedaover time and recapture
probability differed between burned and unburnedsiand changed over time. The
results on capture probability were less conclu§hable 1). In 2005, the best model
constrained all variation in survival, capture aedapture probability, but small
differences IMAIC; values indicate that there was no clear winnebl@a). Model-
averaged capture probabilities were very simildsumed and unburned areas and
ranged from 0.26 (SE = 0.05) to 0.34 (SE = 0.0%8(& 2). In both years, mice
demonstrated a strong “trap-happy” behavioral resppwith estimated recapture
probabilities being, on average, 2.45 times highan capture probabilities in the same
primary period and site category (i.e., burnedrdywrned, Table 2). There was no
consistent difference in recapture probability esw burned and unburned areas and

there was no apparent increasing or decreasind threaughout the summer.
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Table 1 Top 10 models used to describe abundance antvauoy deer mice in burned
and unburned forest in year 2004 and 2005. Appaanival (), probability of capture
(p), and probability of recapture)(were modeled as constant (.), varying between
burned and unburned sites (Fire), varying amongany periods (PP), and varying
among primary periods and sites (PP*Fire). The risodere run in program MARK and
evaluated by adjusted Akaike’s information criteAdC..

2004 2005
Model Model
() p c #P  AAIC, () p c #P AAIC,
PP () PP*Fire 12 0.000 () @) @) 3 0.000
PP Fire PP*Fire 13 2.090 () () Fire 4 0579
PP PP PP*Fire 15 3.296 PP () () 5 0.914
PP*Fire () PP*Fire 15 4.945 Fire  (.) ) 4  0.950
@) () PP*Fire 10 5.843 PP () Fire 6 1518
PP*Fire Fire PP*Fire 16 6.898 Fire () Fire 5 1541
Fire () PP*Fire 11 7.788 () Fire () 4 1.850
() Fire PP*Fire 11 7.878 () () PP 6 1.980
PP*Fire PP PP*Fire 18 8.353 () Fire Fire 5 2441
@) PP PP*Fire 13 8.735 PP Fire (.) 6 2.627
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Table 2 Model-averaged probability of captur® énd recapturecy in each primary

period (1-4) during summer 2004 and 2005. Uncoowl#i standard error is given in

parenthesis.

2004

Probability of captung) (
1 2 3 4

Site Category

Probability of recapturec)
1 2 3 4

067 030 0.86 0095
(0.14) (0.10) (0.07) (0.05)
050 057 0.63 0.60
(0.07) (0.05) (0.04) (0.04)

Unburned 026 028 027 027
(0.05) (0.05) (0.04) (0.04)
Burned 026 028 027 0.27
(0.05) (0.05) (0.04) (0.04)
2005

Site Category Probability of captune) (

1 2 3 4

Probability of recapturec)
1 2 3 4

Unburned 031 032 031 031
(0.11) (0.10) (0.08) (0.08)
Burned 033 0.34 034 0.34

(0.05) (0.05) (0.04) (0.04)

080 080 0.80 0.78
(0.08) (0.08) (0.08) (0.08)
0.84 085 0.84 0.82
(0.03) (0.03) (0.03) (0.03)
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MMDM and Effective Grid Size

Mean maximum distance moved (MMDM) tended to dectimroughout the

summer, but not significantly so (linear regressir 2.316, d.f. =1, 20 =

0.103, slope (SE) =-2.782 (1.828) for 2004 &nel0.530, d.f. =1, 113 = 0.468,
slope (SE) =-2.009 (2.760) for 2005). Thereforedienot vary effective grid sizes
with trapping sessions. In 2004, the MMDM in unledrareas was estimated as 48.9
m (SE = 5.4 m), whereas that in burned areas &mM§SE = 1.9 m). This difference
was significant (t = 2.225, d.f. = 218B,= 0.027), hence we used different effective
grid sizes for the burned (2.53 ha) and unburne2(Ba) areas. In 2005, the
difference in MMDM between burned and unburnedssitas non-significant (t =
1.024, d.f = 97P = 0.308) and we used one value of MMDM, 44.5 m £SE8 m),

to calculate the effective grid size, which equaetd ha.

Population Density

Throughout the first summer after fire, densitiéshae in unburned areas
remained relatively low (approx. 2 mice per hegtandereas those in burned areas
increased markedly, despite having started at dasitavel (Fig. 2). As a
consequence of this increase, in the last trapg@sgion in August, the average
density of deer mice in burned areas was estinagdd.0 mice/ha (95% CI: 12.7-
16.7 mice/ha), over five times higher than the mgamsity in unburned sites at the
same time (2.7 mice/ha, 95% CI: 2.3-3.8). In 2006use density was markedly
lower both in burned and unburned sites (Fig.2)weler, the general pattern
remained unchanged: deer mouse density in bureed aras 4.4 — 5.5 times higher
than that in unburned areas. At the beginning o&,Jduring the first trapping
session, all captured mice were found in burnedsai@ subsequent trapping
sessions, mouse density increased both in burrechamburned sites, but remained

consistently lower in the latter (Fig. 2).

Survival, Reproduction and Body Mass

In 2004, apparent survival was almost identicddumed and unburned areas,
and tended to increase throughout the summer lridn 2005, due to low number of
captures that year (particularly in unburned sjtegjvival estimates were

characterized by large standard errors and the @bétverlap widely.
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For both sexes and both years, the proportiongbriictively active deer
mice was higher in burned areas (Table 3). Howeliex,to the small number of adult
individuals captured in unburned sites, none ofinkdésidual differences were
statistically significant. When pooled across yeard sexes, the reproductive activity
was significantly higher in burned areﬁél( =7.09,P = 0.008,n = 244).

In 2004, the mean body mass of adult mice equaled @ (SE = 0.60 g) in
unburned and 19.5 g (SE = 0.24) in burned areds.ditfierence was not significant
(t=0.944, d.f. =99 = 0.348). Similarly, in 2005, the mean body massnburned
(19.4 g, SE = 1.14 g) and burned areas (20.5 ¢; @27 g) was not significantly
different ¢ = 1.086, d.f. = 54P = 0.282).

Age Structure and Sex Ratio

In 2004, the proportion of juveniles increased tiglwout the summer, ranging
from 0.28 in June to 0.67 in August, but did ndtedtibetween burned and unburned
areas (Fisher’s exact teBt> 0.5 in each primary session). In 2005, the nurobe
individuals captured in unburned areas was tooldorastatistical comparisons in all
but the last primary period. Again, the differemc@ge structure was non-significant
(Fisher’s exact tesE > 0.99).

In 2004, the sex-ratio was female-biased, but diddiffer between burned (60%
females) and unburned (61% females) areas (Fiseeast testP > 0.99). In 2005,
more males than females were captured in both dyB#¥%o males) and unburned
(62% males) sites. The difference between burndduaburned areas was non-

significant (Fisher’s exact tef?,> 0.99).

Table 3. Percent of reproductively active deer mice imiegrand unburned sites
(sample size in parenthesis) ddalue for the difference (from Fisher's exact est

The sample consisted of individuals with body mafsst least 16 g.

Year Sex Burned sites Unburned sites P-value

2004 Females 53% € 62) 40% K = 15) 0.40
Males 51%16 = 51) 20% G = 10) 0.09

2005 Females 32% € 21) 0% 0=1) 1.00
Males 72%16 = 79) 40% K = 5) 0.15
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Fig. 2 Changes in the average density of mice in bu¢sekt line) and unburned
forest (dotted line) during summer 2004 and 200t Whiskers represent 95% CI of

the estimates.
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Fig. 3. Apparent survival (and SE) of deer mice in buraed unburned forest during
summer 2004 and 2005. Estimates are model-avesagkdresented for three-week

periods between primary trapping sessions.
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Discussion

None of the measures used in this study indicatgsthe investigated burned
areas served as population sinks or, more gengrafiyesented low-quality deer
mouse habitat. Our results suggest instead thdiufhed areas provide highly
suitable habitat for deer mice, and (2) their posthcrease was mostly intrinsic. In
2004, densities in burned areas grew steadily tiirout the summer, while those in
unburned areas remained stable and relativelyltosould be argued that the
unburned areas might function as sources, partlgldacause source populations are
sometimes thought to be more stable than sink jptipunk (Howe et al. 1991).
However, if the burned areas were sinks, the drastrease in deer mice would have
to be caused by very intensive breeding in low-dgmnmburned areas and subsequent
migration into the burned areas. Moreover, if thenled areas were of low quality,
reproduction in those sites should have been mbrkadaer or even absent. Our data
demonstrated, instead, that reproduction in buameds was similar or even higher
than that in unburned areas. Therefore the incri@aseundance in year 2004 was
most likely intrinsic. Furthermore, high densitefsdeer mice were found in all the
burned sites that we investigated, irrespectivilneif distance from the unburned
forest. Although individual mice can disperse latigtances, intense dispersal that
influences population dynamics quickly attenuatéh distance. The best (to our
knowledge) study documenting the range of deer mdispersal capable of
regulating population dynamics was conducted byrid@i1992) in Alberta badlands.
He concluded that this distance does not exceeth140

At the beginning of summer 2005, mouse densitieewery low. In this
situation, territorial interactions should not irigze with habitat selection and, as
predicted by the theory of habitat distributiong#rell and Lucas 1970), all or most
individuals should be found in their preferred tiabiDuring that time, all {1
trapping session) or all but oné'{2rapping session) mice were found in burned
areas. Mice were captured in unburned areas otdythie densities in the burned
areas increased. This finding agrees with the witedognized pattern of decline in
habitat selectiveness with increases in populatesity (Rosenzweig 1991).

The burned areas also seemed to represent higityquadrwintering habitat.
During the first trapping session of 2005 (late kéayly June), when patches of snow

were still present, all mice were found in the lmaareas. This may indicate that the
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burned areas provide better chances of successfulvimtering, or that mice choose
to overwinter in burned areas, or both.

While our results refute the sink hypothesis, tblegely match the theory of
density-dependent habitat selection (Fretwell ancals 1970; Morris et al. 2004),
which predicts that fithess will be equalized ambagitats, whereas population
density will be higher in habitats with greaterrgarg capacity. The low number of
captures in unburned forest might have weakenealuility to detect habitat-specific
differences in survival and reproduction. Howeastjmated parameters for survival
and reproductive effort are similar or slightly héy in burned relative to unburned
areas, which is consistent with density-dependahitat selection, and highly
inconsistent with source-sink dynamics.

Our study suggests that even a seemingly desteudisturbance may create
high-quality habitat for a native species. Howevdry the burned areas are high
quality is still a mystery and we encourage otleserarchers to investigate this
phenomenon. One potential explanation is thattteally enhances the availability
of food resources for deer mice (Ahlgren 1966). &ample, because severe fire
burns the top soil layers, mice may have beentabdecess previously unexposed
parts of the seed bank. To the best of our knoveetigs explanation has never been
directly addressed and represents the next logieplin studying the postfire increase
of deer mice. We are currently investigating thugsfion in a different wildfire that
occurred in 2005; our observations do not indigatesases in food sources such as
insects and seeds (Chapter 4).

Causes other than food resources may also cordribuhe increase of deer
mice after wildfire and other disturbances. Itasiceivable that mice in strongly
disturbed areas experience predator release. lfaggetation cover greatly
increases hunting success of owls (and probabbr gitedators) preying on deer mice
(Longland and Price 1991), but this effect couldcbenterbalanced by the decrease
in predators in burned areas. Little is known altbatabundance of predators after
disturbances in North American conifer forestsl{Ersand Wilkinson 2005), but
similar estimates of mouse survival in burned amouined areas do not indicate that
these habitats differ in predation pressure.

Several studies (e.g. Hayes and Cross 1987; Geaads1988; Carey and
Johnson 1995, but see Barry 1990; Bowman et aD)2Q@ygested that deer mice are

associated with coarse woody debris (CWD), usegredation cover and travel.
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Although CWD levels tended to be higher in burrteahtin unburned areas (see
Chapter 1), there was no relationship between C\MDmre and deer mouse
abundance at a given trapping grid.

Furthermore, fire may reduce interspecific comp®tibecause species such
as red-backed voledfodes gappeyithat are numerically dominant in undisturbed
forest disappear after fire (e.g. Chapter 1). Dhstence of competition between deer
mice and red-backed voles (e.g. Morris 1983; Wantifi Dueser 1986; Morris 1996;
Schulte-Hostedde and Brooks 1997) and the impagtahcompetition in structuring
small mammal communities is controversial (e.g.t&kl and Krebs 1985).
Therefore, this hypothesis is possible but not wiported by other studies at
present time. Finally, the increase in deer micaicc after wildfires in different types
of coniferous and mixed forests and in differeragyaphical areas (Krefting and
Ahlgren 1974; Roppe and Hein 1978; Clough 1987teCegal. 1995; Kyle and Block
2000; Cote et al. 2003, but see Buech et al. 19Hd)s, it is possible that causes of
the increase or their relative importance may diffmong ecosystems.

The burned areas in our study provided high-quéakdyitat for deer mice.
When overall mouse densities were very low (i.eeJand July 2005), the vast
majority of the population was found in burned arganly when the densities were
higher did mice appear in unburned forest. Thus,dhttern is precisely opposite
from what we would expect if burned forests acteg@@pulation sinks. Moreover, the
postfire increase in abundance seemed to be mogilysic, as the reproductive rate
in burned forest was at least as great as thabieatliby low-density populations in
the unburned sites. Thus, in this particular cabandance of deer mice is a valid
indicator of habitat quality, further supportingetidea that there is unique ecological
value in severely burned forests which needs twdighed against the prevailing

view that such natural disturbance events are Staphic” (DellaSala et al. 2006).
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CHAPTER 4
TWICE THE MICE:
WHY DO DEER MICE INCREASE IN ABUNDANCE AFTER FORESHIRES?

Abstract:After stand replacing wildfires, deer mous&(omyscus maniculatus
abundance typically increases 2-5 fold, yet theseanf this increase remains
unknown. We investigated four possible causes sffjpe increase in deer mouse
abundance, based on factors known to regulate atigus: (1) increases in food
resources (seeds and/or insects), (2) increasadifgy efficiency of deer mice in
burned, structurally simplified habitats, (3) dexsed predation, and (4) source-sink
dynamics, with burned forest acting as high-abundamk. In burned vs. unburned
forest, there were fewer seeds in soil core sangmdssimilar abundance of ground-
dwelling arthropods in pitfall traps. Thus, thereresno obvious increases in food
resources. In both burned and unburned forest,daxer were captured more often in
open microhabitats, and in foraging experimentsglsanf insect and seed removal
increased with increasing open area in one of twathtly trials. Thus, there was
some evidence that mice may experience higher iftgayiccess associated with
reduced cover in burned areas. Deer mouse sudidalot differ between burned and
unburned forest, providing little support for tlegluced predation hypothesis. Finally,
similar survival and considerably higher reprodmetin burned vs. unburned areas
argues against the source-sink hypothesis. Howtwefact that reproduction was
higher in burned areas despite comparable or logggurce abundance suggests that
the increase in deer mouse foraging success mayihmoroved reproduction, despite
being temporally variable. Thus, of the hypothesegested, the best explanation for
the commonly observed increase in deer mouse pigndaollowing wildfire was an

increase in foraging efficiency.
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Introduction

Disturbances strongly influence vertebrate popoiteti(e.g. Karr and
Freemark 1985, Whelan 1995, Pilliod et al. 2008h&r and Wilkinson 2005, Chapter
2 of this dissertation). This influence is usuatigdiated through profound changes in
habitat structure and resource availability causedisturbance (Whelan 1995). Still,
while numerous studies have investigated how disiures influence the abundance
of wildlife, the specific causes of the impactsventebrates often remain unknown.
Such information would be useful in predicting gragsibly modifying the effects of
natural and anthropogenic disturbances on wildifereover, determining habitat
attributes that are affected after a disturbanck @anturn, trigger changes in
vertebrate populations could improve our understandf species-specific ecological
requirements and factors that determine habitditgua

In the western portion of North America, fire is@mg the most important
ecological disturbances (Agee 1993). Deer mimrdmyscus maniculatys
widespread and common generalist rodents, inciaadaindance after forest fires
(synthesis in Chapter 2).This increase may haveitapt ecological consequences
(Chapter 5), but its specific causes remain unkndmareases in deer mouse
populations are most often hypothesized to refledncrease in food resources
(either insects or seeds; Ahlgren 1966, Kreftind Ahlgren 1974, Nappi et al. 2004,
Larsen et al. 2007). However, food availabilityaiso a function of foraging success,
which may be higher in burned forest due to singaifon of habitat structure, as
suggested by experiments conducted in grasslaretsd(& al. 2004, 2005). Predation
is another factor known to regulate rodent popaoreti(Hanski et al. 2001). Thus,
post-fire population increases could reflect desdim predation, in relation to fire-
induced changes in habitat structure or predatodatce. All the above explanations
imply improvements in habitat quality following dir Alternatively, forest fires could
reduce the quality of deer mouse habitat (e.g.redaced food availability or
increased predation), thereby creating populatioksdilled by surplus individuals
from unburned forest (Buech 1977, Martell 1984hErsand Wilkinson 2005).

With the exception of the last hypothesis, testadir@jected by Zwolak and
Foresman 2008 (Chapter 3), these explanationsti@Meeen critically evaluated,
individually or collectively. We investigated da@aouse populations in recently
burned and unburned montane forest and collectseresitional and experimental

data on the availability of food resources, mictute selection, and deer mouse
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demography to assess these possible explanatiopedtiire increases in deer mouse
abundance. Below, we outline these hypotheses spaafically, including
associated predictions.

Hypotheses and predictions

Hypothesis 1: Increased food resourc&ihough deer mice eat a variety of
food items, arthropods and seed consistently damiheir diet (Martell and
Macaulay 1981, Wolff et al. 1985, Pearson et ad@0Thus, if the postfire increase
in deer mice results from the high abundance of f@sources in burned forest, we
expected that burned sites would have more seetisraarthropods, particularly of
taxa commonly consumed by deer mice, e.g., Colemp@rthoptera, or Arachnida
(D. Pearsonynpublished datg relative to unburned forest. In addition, if rmdood
were available, changes in deer mouse abundande Vilaely be caused by
increased reproduction in burned stands. Experahémdd additions (Schweiger and
Boutin 1995, Galindo-Leal and Krebs 1998, Banks Riwtkman 2000, Diaz and
Alfonso 2003) and studies on rodent responsesttoaldood pulses (Pucek et al.
1993, Marcello et al. 2008, but see Fitzgerald.€2@4) demonstrate that increased
food availability often triggers an increase ineatlreproductive activity.

Hypothesis 2: Increased foraging succdsgnany species, individuals are
known to select habitats with low structural comglebecause it improves their
foraging success (e.g. Parrish 1995, Hill et al&2Warfe and Barmuta 2004).
Pearson et al. (2001) showed that deer mice sgbect microhabitats even in relative
spare vegetation types and hypothesized this wasadimcreased foraging efficiency
in areas of reduced vegetative cover. If the pastimplification of habitat structure
makes mouse foraging more efficient, we expectatidber mice would be more
active (and therefore captured more often) in ggeeopposed to densely vegetated
microhabitats, and that in foraging experimentgenwill remove more food items
from open than from densely vegetated microhabifegswvith increased food
resources (hypothesis 1), increased foraging saagesld most likely lead to higher
abundance through increased reproduction.

Hypothesis 3: Reduced predatidhteduced predation was responsible for
increased post-fire abundance of mice, higher adeces would almost certainly be
caused by higher survival of mice in burned thabuined forest. Predation strongly
affects rodent habitat selection (Kotler and Brd@88). In particular, rodents avoid

open areas in habitats if the risk of predatiomigh (Longland and Price 1991,

-55 -



Dickman 1992, Lagos et al. 1995). Therefore, il predatory pressure was
responsible for post-fire increases in mice, weeetgd that deer mice would exhibit
stronger preference (or weaker avoidance) of opditdts in burned vs. unburned
forest.

Hypothesis 4: Source-sink dynamiktgreased deer mouse abundance could
be caused by movement of mice from unburned f¢pessumably high-quality
habitat) into burned forest (presumably low-qualitgn Horne 1983; see extended
discussion in Zwolak and Foresman 2008). If thesenthe cause of increased mouse
densities, we expected that survival and/or fedyrafimice would be higher in
unburned forest. Patterns of mouse populationisiaevery similar system were
inconsistent with this mechanism (Zwolak and For@s2008), but here we revisit
this question in the context of these alternatiygdtheses.

Materials and Methods

Study Site
We conducted this study in west-central Montan&.A., within and nearby

the area burned in 2005 by the 1-90 wildfire, apgorately 50 km west of Missoula,
MT. We selected six study stands, three that waereda with a stand-replacement
fire and three in adjacent unburned forest. Thediowas dominated by Douglas-fir
(Pseudotsuga menziensivith western larchL@rix occidentali$, lodgepole pine
(Pinus contorty and ponderosa pinifius ponderoga The selected stands were
west or south-facing, located at elevations ranfjioign 1600 to 1900 m, and at least

0.85 km from one another.

Live Trapping
We trapped mice during summers 2006 and 2007 imttmosessions (June-

July-August), each consisting of 4 consecutive-trgghts (the only exception was the
August 2007 trapping session at the last pairtessivhich was ended after 3 nights
due to adverse weather). At each study site, welget69 Sherman live traps in a 13
by 13 grid with 10 m trap spacing. The traps weaidn with oats and supplied with
polyester bedding. We opened the traps at 6:004h®@nd closed them by 10:00
am. We marked each captured rodent with a uniquatybered eartag, and recorded
its weight and sex. For captured deer mice, werasorded reproductive condition

(animals were considered breeding when females pregnant or lactating and when
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males had scrotal testes), and age (juvenile, suihad adult: based on pelage color
as in Zwolak and Foresman 2008). Shrews were edeasharmed. Our research
followed ASM guidelines (Gannon et al. 2007) andwpproved by the University of
Montana Institutional Animal Care and Use Committee

The availability of food resources: seed and insaatpling

To assess food availability, we measured arthr@mohdance and sampled
the seed bank in burned and unburned forest. 8eid bank samples were taken in
June and August 2006 and 2007. Each time, we tetlesoil cores from 12 randomly
selected points within each trapping grid usinggadard 5 cm x 15 cm bulb planter.
The samples were sifted and seeds counted andlyislentified to species. We
captured arthropods in 10 pitfall traps (10 cm d&an) located randomly within each
sampling grid and provided with 60% ethanol as gmestive. Pitfall traps were left
open for two weeks in July 2006 and 2007 and cleeakexkly. We identified

collected arthropods to order, measured body letogthe nearest 0.01 mm.

Microhabitat

We visually estimated ground cover (%) of microltaibvariables in 2-m
radius circles centered at trap stations withirhegd (169 circles/grid) to allow
assessment of microhabitat selection by deer riifoe surveys were conducted in
July 2006 and 2007. Habitat variables were asvi@lapen area (unvegetated and no
debris), herbaceous vegetation (grass and forbajse woody debris (downed logs >
5 cm in diameter), and shrubs. In each circle, aented saplings (height less than
2.5 m) and trees (height over 2.5 m), with treegded in three diameter classes:
small (diameter at breast height [DBH] <10 cm), med(10 cm< DBH < 30 cm),
and large (DBH > 30 cm).

Foraging Experiments

To assess foraging success, we measured remaesofaiethered insects and
marked conifer seeds at trapping stations. We adeduwo single-day trials in mid-
June and mid-July 2007, sampling one pair of stapedsight. The insects
(commercially available cricket§ryllus bimaculatuswere attached with 0.2 mm
filaments (50 cm length) looped around their neankd tied to wire flags marking
trapping stations (Plate 1; Belovsky et al. 19968d#tk and Kortet 2006). For these

-57 -



trials, we used every second trap station; thusetthered insects were spaced 20 m
from each other. At the sunset, we tethered 20:88cts per site (in later trials,
growing experience enabled us to tether more indegfore dark), and predation rates
were examined in the morning. Missing crickets wamesidered predated. In most
such cases, the line was cut, presumably by thdafoe and in some instances we
discovered uneaten remains of tethered cricketsa(lysheads).

Conifer seeds were set out and examined at the Samaeas insects, but at
alternate trapping stations. At each selectedostatwo seeds (one ponderosa pine
and one Douglas-fir) were left on the surface aagked with toothpicks located 10
cm below each seed. Seeds in each pair were pddoed 1.5 m from one another.

Each trial involved setting out 20-30 seeds of espTies at every site.

Plate 1.—Foraging experiment: crickeG(yllus bimaculatustethered to a wire flag
in burned forest. Photo credit L. A. Reynolds.

Statistical analysis

Abundance and survival of deer mice were estimaiddProgram Mark
(White and Burnham 1999) using Huggins closed rbbesign models (Huggins
1989, 1991), following the approach described irolak and Foresman 2008. The
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competing models, ranked according to teMC, values (lower values indicate
higher likelihood of a model given the data), aresented in Appendix B. The
effective sampling area of trapping grids (estirdat&h mean maximum distance
moved: White et al. 1982) did not differ betweemr®a and unburned forest.

The remaining statistical analyses were conductd®l (R Development Core
Team 2005), using mixed effects models (functionét”). In each analysis, we
includedtrapping grid(n = 6) as random effects, wherdae (“yes” for burned forest
and “no” for unburned forest) any@ar (2006 or 2007) were entered as fixed effects.
Other explanatory variables were specific to amiaealysis and are described below.
The best predictors were identified through backlsepwise elimination of non-
significant (P > 0.05) terms.

Number of insects (in pitfall traps) and seedss(it cores) were modeled
using a Poisson distribution, or if data were adispersed, a quasi-Poisson
distribution. In the later case, we used Markovircidonte Carlo sampling (function
“pvals.fnc”) to obtainP-values.

To examine microhabitat selection by deer mice wiléd trap stations into
those with and without captures in July (when ve® @lampled microhabitat
variables), and conducted logistic regression,rio@gg with the global model that
included microhabitat variables: percent comeen areapercent covecoarse woody
debris percent cover adhrubs numbers oaplingsandtrees We did not include %
cover ofvegetatiorbecause it was highly correlated withen areagR = -0.84).

Foraging experiments were analyzed with logisgtgression, comparing
stations where food was removed (predation evemnipbremoved. Fixed effects
included percent adpen areaat a given trap statiomonthof the experiment (June
or July), and in the case of seed predation, seeaspecieqponderosa pine or
Douglas-fir), and interactions of the above vagablrapping statiorwas entered as
a random effect.

Reproductive activity of deer mice (with breedsandition as a binary

response variable) was compared between treatraecsinting for the effect of
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month(June, July, and August) as a fixed effect, wheiadividual (unique mouse)
was included as a random effect.

Results

Mouse abundance

Deer mice accounted for 71% of all individuals cagtl during the study
(Table 1). Other common species included chipmhksias ruficaudusndT.
amoenusnot distinguished in this study), red-backed sdMyodes gappeyiand
shrews $orexspp.) On average, deer mice were estimated ttnesatwice as
abundant in burned than in unburned forest (1.84im 2006 and 1.8 times more
abundant in 2007). However, there was consideradiation in the abundance
estimates among time periods and stands (TableZjarticular, one unburned stand
had mouse abundances similar to the burned site=eas in the other two unburned

stands, mouse abundances were markedly lower.

Availability of seeds and insects

Soils samples collected in unburned forest conthoreaverage 2.03 £ 0.18
(SE) seeds whereas those in burned forest haddddy+ 0.02 (SE) seed per sample
(z=-6.47,P <0.0001). Douglas-fir represented 89% and 100%eefls collected in
unburned and burned forest, respectively.

The overall abundance of arthropods and the abwedaincoleopterans did
not differ between burned and unburned forBst Q0.1 in both 2006 and 2007, Fig.
1), whereas that of Arachnida was consistently rawéurned forest (2006: z = -
9.63,P < 0.0001, 2007z = -4.33,P < 0.0001, Fig. 1). In the first year after firbet
abundance of Orthoptera in burned forest was |dative to unburned forest (z = -
5.12,P < 0.0001), but this pattern disappeared in thersggear of the study &
0.47,P = 0.64, Fig. 1). The average length of arthropdidsot differ between
burned and unburned forestX(-0.142,P = 0.89).

Microhabitat selection

Deer mouse capture probability increased with theunt of open area and
coarse woody debris (open area: odds ratio = 1p@d9% coverz = 3.61,P = 0.0003;
coarse woody debris: odds ratio = 1.031 per % ¢aweB.93,P < 0.0001). This
pattern did not differ between burned and unbufoeskt. In unburned forest, deer
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mice were also more likely to be captured in amds higher shrub cover, but this
tendency was only marginally significant (oddsoati1.008z = 1.88,P = 0.059). In
burned forest where shrubs were rare (Fig. 2)r fireisence did not influence the
probability of deer mouse captue=-1.57,P = 0.117). Not surprisingly, the
probability of capture per station was stronglyuehced by the abundance of deer
mice at a given siteE 10.32,P < 0.0001).

Considering those variables that influenced demrsa microhabitat selection,
burned forest had considerably more open area$(2604.98,P < 0.0001, 2007t =
2.58,P =0.01, Fig. 2) and less shrub cover than unbusited (2006t = -2.90,P =
0.004, 2007t =-2.73,P = 0.006, Fig. 2), whereas the amount of coarsedyaebris
did not differ between burned and unburned forest 0.1, Fig. 2).

Foraging experiments

Fewer insects were depredated in June than in(d0% vs. 63%z=3.71,P
= 0.0002). Insects were more likely to be removedfopen areas, with odds of
attack increasing 1.020 times with every additigrextent open area € 2.22,P =
0.03), but this effect occurred only in June trifhsect removal rates did not differ
between burned and unburned for&st(0.1), thus thére variable was not included
in the final model.

Similarly, significantly more seeds were removedthi@ second month of the
experiment, although this difference was very sitg&Po vs. 38%z = 2.84,P =
0.005). The probability of seed removal marginaligreased with the increase in
percent open area (odds ratio = 1.044,831,P = 0.07), but this effect occurred only
in June trials in unburned forest. Removal ratesdit differ between ponderosa pine
and Douglas-fir seed® (> 0.1) and the corresponding variable was remdnced the

final model.
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Table 1.—ndividual small mammals captured in 2006 and 2@urned (F1-F3)
and unburned (C1-C3) study sites.

2006

Site Peromyscus Tamiasspp. Myodes Sorexspp. Other
maniculatus gapperi species

F1 24 5 0 0 0

F2 51 0 1 0 0

F3 54 2 0 0 0

C1l 46 4 2 1 2

C2 14 10 23 21 0

C3 27 15 0 2 4

2007

Site Peromyscus Tamiasspp. Myodes Sorexspp. Other
maniculatus gapperi species

F1 63 15 0 0 2

F2 131 12 0 0 8

F3 76 26 0 0 0

Cil 57 7 1 1 0

Cc2 19 11 16 24 1

C3 46 29 0 5 1
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Table 2.—Monthly estimates of deer mouse abundance in byifkdr3) and
unburned (C1-C3) sites and associated unconditgiaatiard errors. The estimates

were derived from program “MARK”, using Huggins-g/pobust design models

Site 2006 2007
June July August June July August
F1 184+20 103+19 135+20 555+139 7403.6 29.7+24
F2 154+20 235+28 449+45 49.8+135 6450 1074z%6.1
F3 20.0+27 269+34 303+32 4541121 94437 44.0%43
Cl 106%x15 268+3.1 31.3+33 50.6+153 33935 33.3+27
C2 3408 2206 114%+14 83+33 98&1 16.1+1.7
C3 96x15 149%+22 185+24 57.7+180 3634 14.0x2.2
1000
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Fig. 1.—Abundance of arthropods captured in pitfall trapburned and
unburned forest. Bars denote standard errors gndisant differences are marked

with a star.
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Survival and reproduction of deer mice in burnedwsurned forest

Model-averaged estimates of monthly apparent sakviere nearly identical
in burned and unburned forest, with widely overlaggstandard errors (Fig. 3).
However, reproductive activity differed considesabétween burned and unburned
forest. For males, after accounting for the sigalfit effect of year (reproduction was
more intense in 2006 than in 2007) and month (tbpgotion of reproductively active
individuals was higher in June and July than in 4styj more mice were
reproductively active in burned than in unburnee$t (56% vs. 36%, 179
individuals, 243 observations= 3.35,P = 0.001). In the case of females, fire was the
only significant predictor, with reproduction margense in burned than in unburned
forest (67% vs. 39%, 167 individuals, 250 obseorstjz = 4.05,P < 0.0001).
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Fig. 2.—The average amount of open areas, shrubs, anccomacly debris (CWD)
expressed as percentage ground cover, in burnedrdnained study sites. Bars
denote standard errors; stars denote statistisgjhificant differences.
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Fig. 3—Model-averaged estimates of apparent monthly galun burned and
unburned forest, derived from program “MARK”. Balsnote unconditional standard

errors.
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Discussion
Deer mice were almost twice as abundant in burnad in unburned forest. This
difference is consistent with widely occurring jeatt of high postfire abundance of
deer mice (Chapter 2), although it is moderate @eghto some other studies (e.qg.,
Krefting and Ahlgren 1974, Zwolak and Foresman 3008fact, this moderate
average increase reflects substantial heterogeaiong reference sites. Two
unburned stands had only one-third to one-fifthabhendance of burned sites, but the
abundance of deer mice in the most open and xehhamed site was similar to that
in burned trapping grids (site C1 in Table 2).
The most commonly invoked explanation of postfirerease in deer mouse
abundance, greater food resources in burned avaasjot supported by our data.
There were considerably fewer seeds and similatathadoundance of arthropods in
burned versus unburned forest. Moreover, invertelgeoups known to be common
in deer mouse diets tended to be more abundamiiarned forest. This pattern does
not rule out obscure changes in some unmeasuredsfaaoce; however, we are not
aware of any studies that document dramatic inesegsdeer mouse fecundity in
response to changes in food resources other tleals sed arthropods.
The second hypothesis we tested is that fire-relsit@plification of habitat structure
improves the foraging success of deer mice, eveugin we documented more food
in burned areas. Consistent with this hypothesisg mere captured more often in
open than in closed microhabitats. Moreover, C& uthburned site with high deer
mouse abundance, was characterized by the higmestrd of open areas among
unburned trapping grids (C1: 54%, C2: 15%, C3: 38%6) did not exceed them in
remaining variables that could potentially influerdeer mice abundance (e.g. coarse
woody debris or the abundance of insects). Finalljoraging experiments, the odds
of insect predation increased with % open areatlae@ was a similar although non-
significant trend toward higher seed removal. Stiése patterns occurred in only one
of two monthly trials. Thus, there was inconclussepport for the increased foraging
success hypothesis.
The third investigated hypothesis, reduced predatidurned areas, was not
supported by our survival or habitat use resulkeré was no difference in deer
mouse survival in burned and unburned forest. Taezeif predation were affecting
mouse abundance, it would have to do so via anuobsath through which reduced

predation risk altered habitat use and subseqeenntlity, without directly affecting
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survival. In fact, deer mouse preference for opeas and coarse woody debris did
not differ between burned and unburned forest. & nexrs weak preference for shrub
cover in unburned, but not in burned forest. Howgtree lack of response of deer
mice to shrub cover in burned forest was not ssirgigiven the low availability in
this vegetation type in burned trapping grids. réfare, it seems unlikely that deer
mice substantially changed habitat use in resptmpeedation risk.

Finally, similar survival along with considerabligher reproductive activity of deer
mice in burned forest, argue strongly against theee-sink hypothesis. These results
are consistent with those reported by Zwolak ang$man (2008) for an analysis of
source-sink dynamics following a wildfire in wetferest types.

In addition to the hypotheses we tested, some r&s&s have suggested that changes
in mouse abundance may reflect changes in otherespmteractions, particularly
interspecific competition or disease. It coulddbgued that the postfire increase in
deer mice could be caused by the disappearaneeldfacked voles from burned
forest (Halvorson 1982, see Table 1). However, rélstionship was most likely
caused by the well-known differences in habitatgrences of these two species: red-
backed voles are most abundant in mesic, and deerimxeric habitats (e.g. Morris
1996). While early studies suggested that red-lzthekées dominate deer mice
behaviorally (Crowell and Pimm 1976), later reshanften failed to find evidence of
competition between these two species (Morris 1983ff and Dueser 1986, Morris
1996, but see Schulte-Hostedde and Brooks 1997@wShare also greatly reduced by
fire (Zwolak and Foresman 2007, this study), betekidence of competition between
shrews and mice is even more scant. The reductithhe@ntire small mammal
assemblage in burned areas might have positiveenéle on deer mouse population
growth (Merritt et al. 2001). However, it is diffitt to think of plausible pathways by
which changes in small mammal communities couldeiase deer mouse abundance
without changing survival (as expected from antaganinteractions) or food
availability.

In the past year, a number of studies have showngteffects of parasites on
Peromyscugopulation dynamics (Pedersen et al. 2008, Vaiitiegal. 2008).
Notably, these effects are often mediated throughen reproductive activity in
unparasitized mice (Burns et al. 2005, Vandegtiftle2008). There is some evidence
that wildfires reduce parasite infestation in biatiel mammals (reviewed in Bendell

1974), suggesting the possibility that that deerenim recently burned areas are less
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exposed to parasites and therefore reproduce mignesely.To our knowledge there
are no data to evaluate this explanation, anduldcbe a valuable avenue for future
research.

Changes in rodent abundance are usually expléypestlifts in predatory
pressure (influencing survival) and food resoueesing on reproduction). While the
survival of deer mice does not differ between bdraed unburned forest, mice
reproduce more intensely in burned stands. We alidimd an obvious increase in
food resources in burned forest, but there was support for the hypothesis that
deer mouse foraging success is higher in burnedistd he improved foraging
efficiency could translate into higher reproductaaivity (Schweiger and Boutin
1995, Galindo-Leal and Krebs 1998, Banks and Digk2@00, Diaz and Alfonso
2003), potentially explaining the increased abucdasf deer mice in burned stands.
Alternatively, this increase could be caused byngea in parasites, which have
recently been linked to mouse fecundity (Vandegtifal. 2008). In both cases,
however, it seems highly unlikely that changesaardnouse abundance reflect
simple trophic interactions. Instead, behavioranges or changes in parasite
communities related seem to drive dramatic chaimgesuse abundance in response

to disturbance.
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CHAPTER 5
SEED PREDATION BY DEER MICE
REDUCES CONIFER RECRUITMENT IN BURNED MONTANE FORES

Abstract:The effects of wildfire on forest dynamics areitgly explained by
examining effects of abiotic factors on plant parfance and competition. Here, we
demonstrate that vertebrates may mediate the sftéetildfire on conifer
recruitment. We investigated seed predation bylder mouseReromyscus
maniculatu$ and its effects on the emergence and establishof@onderosa pine
(Pinus ponderogaand Douglas-firPseudotsuga menziensseedlings in unburned
and recently burned forest in west-central Mont&itaQ\. Deer mice were almost two
times more abundant in burned than in unburnedistdn seed offering experiments,
overnight seed removal associated with deer micemare intense in burned than in
unburned forest. Ponderosa pine seeds were renabVvegher rates than the smaller
Douglas-fir seeds were. In seed addition experimy@amergence of seedlings in deer
mouse-exclusion cages was low in unburned forest549 times higher in burned
forest. The overall emergence was lower for porskepne versus Douglas-fir.
Seedling survival to establishment was also conainlg higher in burned than in
unburned forest. However, in adjacent cages acddssdeer mice, emergence and
establishment was extremely rare for both conifetsurned and unburned forest.
Wildfire creates favorable conditions for seedliegruitment but seed predation by

deer mice removes this advantage.
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Introduction

Wildfires are among the most important factors eteing distribution,
structure, and dynamics of plant communities wordid(Whelan 1995, Bond et al.
2005). In western North America, the influenceexurring wildfires on tree
communities is a focus of intense research (e.¢akéuvski et al. 2004, MacKenzie et
al. 2004, Brown and Wu 2005, Franklin et al. 200éyser et al. 2008). Nonetheless,
the majority of studies that investigate the eSeadftthis disturbance on plant
communities implicitly assume “bottom-up” controgéyiewed in Whelan 1995, Agee
1993, Brown and Smith 2000, Rood et al. 2000, Bethdd. 2007). In other words,
changes in plant communities following wildfire aypically explained by direct
effects of the physical environment on plant perfance and competition, ignoring
how vertebrates may mediate bottom-up effects.

Seed predation is recognized as one of the strofgess of plant-animal
interactions (Kelly and Sork 2002, Kolb et al. 2RAi North America, size-
dependent seed predation by rodents has been deatedgo control the transition
between desert and grassland in the southern Usttgds (Brown and Heske 1990);
in northeastern hardwoods, seed predation grad#tlyences the rate and species
composition of tree invasion in old fields (Ostfetdal. 1997). However, in
coniferous forests of western North America, wildfis believed to drive vegetation
patterns (Agee 1993), and researchers have prnstidied rodents in the context of
their response to disturbances, including wildfBéout et al. 1971, Roppe and Hein
1978, Clayton 2003, Pearson 1999, Zwolak and Faerst007, 2008). Deer mice
(Peromyscus maniculatpyare known to be voracious seed predators, péatigun
disturbed stands (Gashwiler 1967, Sullivan 1979\@n and Sullivan 1982, 2004,
Tallmon et al. 2001), yet their impact on natucakst regeneration remains largely
unknown. Even heavy seed predation does not nedgdsad to a reduction in
seedling abundance; for example when populatianéraited by the number of
available microsites (“establishment limitationdtlmer then by the number of
surviving seeds (Andersen 1989, Crawley 1992, Gtad. 2007).

In this study, we experimentally examined the magta of seed predation by
deer mice and its impact on conifer recruitmerwildfire-burned and unburned
forest stands in western Montana. We focused @nspecies dominant across many
forests in western North America: ponderosa pRiaysponderosaand Douglas-fir

(Pseudotsugaenziens)i In both burned and unburned forest, we (1) gfiadtdeer

-70 -



mouse abundance and seed removal, (2) determinettheviremoval rates were
higher for larger ponderosa pine seeds than folenfaouglas-fir seeds, and (3)
investigated the effects of seed removal on segdéoruitment. Together, these
analyses assess and compare the effects of fireigs.on the composition and rate of

conifer recruitment.

Materials and Methods

Study site
We conducted this research within montane foresheriLolo National Forest

in west-central Montana, U.S.A., approximately B0 Wwest of Missoula. The
dominant species was Douglas-fir, followed by paoda pine, lodgepole pinPifus
concortg, and western larchLérix occidentali$. In the summer of 2005, the 1-90
wildfire burned 4550 ha of the forest. In the sgrof 2006, we selected three pairs of
study sites, each pair consisting of one standviiaatburned with a stand-
replacement fire (100% tree mortality and removaditier layer) and one located in
unburned forest of similar elevation (1600-1900am{l aspect (south- or west-
facing). Distances between the stands ranged ft861t0 5.5 km. Each stand was

located at least 50 m from different habitat types.

Deer mouse trapping
We conducted trapping in 2006 and 2007 from Jureutgust in monthly

sessions, each consisting of 4 consecutive nigtitamping (with minor adjustments

of this schedule due to adverse weather). Eachlsegrgyid consisted of 169

trapping stations, spaced 10 m apart and arramgad 8 by 13 square (grid area =
1.44 ha). One folding Shermahlive trap was placed at each trapping statiortedai
with rolled oats, and supplied with polypropylerating. To target deer mice, which
are nocturnal, we set traps in the evening (~6r@Pand closed them upon checking
in the morning each day before 10:00 am. Captuwddnts were identified to species,

weighed, sexed, individually marked using ear tags, released at the trap station.

Seed removal experiments

In 2006 and 2007, we used seed removal experineestimate relative
levels of seed predation. Experiments were condunt&eptember, after trapping to

avoid confounding results with the presence ofdobitaps. In 2007, experiments at

-71 -



the last pair of sites were delayed due to inteasegall, and were eventually
conducted under adverse weather conditions (vevytémperature and overnight
snowfall) and therefore were not included in thalgsis belowWithin each trapping
grid, we put out 40 seed offerings, each consistirgy Petri dish (150x33 mm) filled
with a mixture of 125 ml of sand and 20 seeds. E8shere spaced at 20 m intervals
at locations corresponding to locations of eveosd trap station. At each grid, half
of the dishes contained ponderosa pine seeds,ahcointained Douglas-fir seeds, all
locally collected. Dishes were arranged in an aéieng, checkerboard pattern by
seed species. We presented seed offerings foray®ahd two nights and examined
them shortly after sunrise (~0630 hrs) and befaresst (~1930 hrs) each day. This
way, we could differentiate removal by nocturnatidmice and diurnal granivores
such as chipmunk§ émiasspp.) and red squirrel¥@miasciurusudsonicuk If a

seed offering had signs of foraging (disturbed santhce, broken seed shells, feces),
we counted the remaining intact seeds and filleddish with fresh sand and new
seeds. When feces were found, we recorded thesepce and identified them as
“deer mouse” or “other” rodents. Captures of osiarilarly sized rodent were
extremely rare in burned forest. In unburned fonest-backed volesMyodes

gapper) were relatively common, but due to the highempprtion of green plants in
their diet, red-backed vole feces are very distiRetes of other granivores such as
chipmunks or red squirrels are noticeably largantthose of deer mice.

Seedling recruitment trials

To address the effects of deer mouse seed prededisus fire on relative
rates of seedling recruitment (gauged by seedingrgence and establishment) of
ponderosa pine and Douglas-fir, we sowed seed8 2D x 20 cm wire mesh cages.
Half of the cages had 3 x 6 cm holes cut in eadd & allow access of deer mouse-
sized rodents, while the other half remained emtlde prevent access. Cages were
spaced 0.5 — 1.5 m apart in sets of two (one eadlaad one allowing access), and
ten locally collected seeds were added to each, e@atieseed species randomly
assigned to each pair. Cages were buried 10 cnthiatground and topsoil was
removed and replaced with mineral soil dug out feodepth of 0.25-0.5 m to
minimize presence of an ambient seedbank. In thenmed forest, the soil was then
covered with litter of the same thickness as thahél adjacent to the cages. In the

burned forest, there was no litter present.
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Eight pairs of cages were set out at 40-m interadng two transects parallel
to and located ~10 m from the opposites edgesabf gapping grid. In 2006, we
added seeds to the surface during September whrainseed rain occurs. We
guantified new seedlings the following June, whereence was complete (no new
seedlings were found subsequently). We definedkstianent as thproportion of
seedlings that survived until September. We tlepeated the experiment for another

year by pulling seedlings, replacing the soil, adding new seeds.

Statistical Analysis

We estimated abundance of deer mice per site amthnuging program
MARK (White and Burnham 1999). We used Huggins etbsobust design (Huggins
1989, 1991) because of its good performance gigarss data (Conn et al. 2006).
The most parsimonious models were determined wkikik®'s information criterion
corrected for small sample siz&lC;). Estimation of parameters followed Zwolak
and Foresman (2008 he effective sampling area of trapping gridsigeated with
mean maximum distance moved: White et al. 1982hdidliffer between burned and
unburned forest (Chapter 4). Abundance estimates medel-averaged according to
Akaike weights\{;, Burnham and Anderson 2002). To derive overall deause
abundance in burned and unburned forest for eactthnee averaged estimates from
respective trapping sites. For yearly estimatesavegaged abundance across months,
with standard error reflecting sample variancewdetiusing the Delta method (Seber
1982:138, Zwolak and Foresman 2008).

Seed removal and seedling recruitment were andiyzh logistic regression
models (function “Imer”) in R (R Development Coream 2006). Fixed effects
included fire (burned versus unburbed), seed spemdent access (i.e. open versus
closed cages, seedling establishment models arg)day (i.e. first or second, seed
removal models only). Random effects included ssith/and either cage (seedling
establishment models) or trap station (seed rentaadd). We analyzed daytime and
nighttime seed removal separately. In each casbegan with a model containing all
the above-mentioned variables and their interastiand the structure of the final
model was determined through stepwise regressitmbaickward elimination of non-

significant P > 0.05) variables.
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Results

Deer mouse abundance

Estimated mean abundance of deer mice was 1.6 Lilgksr in burned
compared to unburned forest in 2006 (22.6 + SE®@¥6rsus 14.3 + 0.5 mice/site),
and 1.8 times higher in burned compared to unbuforedt in 2007 (54.2 £ 2.8
versus 29.5 £ 2.7 mice/site; Fig. 1). However, ¢h@as considerable variation in deer

mouse abundance, particularly in unburned foresbl@2 in Chapter 4).
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Fig. 1.—Average abundance of deer mice in burned (opemumyand unburned
(filled columns) sites in 2006 and 2007. Bars derstandard errors based on sample

variance.
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Seed removal

Seed removal at night was higher in burned verabsinned forest,
particularly in 2008 (fire and fire x year effeci@able 1a; Figure 2A). In addition,
more ponderosa pine than Douglas-fir seeds werewethat night (species effect:
Table 1a; Fig. 2A).

During the day, overall differences in removal betw burned and unburned
forest were not significant. However, in contrashighttime, daytime removal was
less intense in burned versus unburned forest0 20re x year effect: Table 1b;

Fig. 2B). As in nighttime trials, removal of pomdsa pine seeds was more severe
than Douglas-fir seeds, though this was only sigaiit in 2007 (species x year effect:
Table 1b; Fig. 2B).

Deer mouse feces were found in 66% and 30% of tkétysmissing seeds in
burned and unburned sites, respectively. Fecethef species (red squirrels,
Tamiasciurus hudsonicuand chipmunksTamiasspp.) were found in only a few
trays. Although not quantified, a substantial pmipo of seed was eaten on the spot,
as evidenced by broken seed shells left in theNycof seed trays (Plate 1).

Plate. 1.—Seed removal experiment: undisturbed (left) astudoed (right) offering

of Ponderosa pind>{nusponderosa seedsArrow denotes broken seed shells. Photo
credit R. Zwolak.
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Seedling recruitment

Seedling emergence in closed cages (Plate 2) wesdevably higher in
burned versus unburned stands (fire effect: Taplbu this effect disappeared where
rodents could access seeds (rodent access xfet:efable 2). In cages without
rodent access, 39% of seedlings emerged in buoredtfversus 7% in unburned
forest, while in cages with access, 0% of seedlergsrged in burned forest versus
0.9% in unburned forest (Fig. 2C). Overall, fewengerosa pine seedlings than
Douglas-fir emerged (species effect: Table 2).

Seedling survival also differed strongly betweemied and unburned foregt (
=2.83,P = 0.005). In 2007, 75% (55 out of 73) of seedlimgburned forest survived
until September, whereas survival in unburned fores only 30% (8 out of 27
seedlings survived) In 2008, the overall patterhigher survival in burned forest
remained unchanged, but the establishment in hatield (30%: 23 out of 76
seedlings) and unburned (0 out of 10 seedlinggstaras lower than in 2007 £ -

5.27,P < 0.0001). Besides fire and year, no other factene significant predictors

of seedling survival.

Plate 2.—Douglas-fir Pseudotsuga menzienssieedlings in a closed cage in burned
forest.
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Seed removal
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Fig. 2.—Deer mouse seed removal and its impact on theiteant of ponderosa
pine Pinusponderosaand Douglas-firRseudotsuganenziens)iin burned and
unburned forest. Bars denote standard errors. {@hthime seed removal. (B)
Daytime seed removal. (C) Seedling emergence. “#gdadicates emergence in
germination cages with openings and “Exclosure’ofiesn emergence in closed
germination cages. Seedlings were not found inésgtcages in burned forest. (D)
Seedling survival. Survival did not differ betwesgmecies, thus data on ponderosa

pine and Douglas-fir were pooled.
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Table 1.—Results of logistic regression for nighttime (adl @aytime (b) seed

predation trials.

a. Overnight seed predation

Variable' Regression coefficient (+ SE) zvalue P)
Intercept -4.44 + 0.92 -4.80 (<0.0001)
Fire 5,59 +1.28 4.38 (<0.0001)
Day 0.73+0.05 13.45 (<0.0001)
Species 1.16 £ 0.32 3.70 (0.0002)
Year2007 2.60 £ 0.08 34.92 (<0.0001)
Fire*Year2007 -0.82 +0.15 5.56 (<0.0001)

b. Seed predation during daytime

Variable Regression coefficient (x SE)zvalue P)
Intercept -6.85 + 1.50 -4.55 (<0.0001)
Fire -2.92+2.11 -1.38 (0.167)
Day 0.87 £ 0.06 14.01 (<0.0001)
Species 0.91+0.54 1.70 (0.090)
Year2007 4.02+£0.13 30.23 (<0.0001)
Fire*Year2007 -2.84 £0.15 -18.70 (<0.0001)
species*Year2007 0.62 £0.15 4.17 (<0.0001)

! Fire indicates burned versus unburned forBsty denotes the change in seed
removal rates during the second day of the trigf&ciess the removal of ponderosa
pine,Pinusponderosarelatively to Douglas-firPseudotsuga menziensand
Year2007s the seed removal during the in 2007 relativelthat in 2006. See the
text for further explanation.
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Table 2.—Results of logistic regression for seedling emecgénals.

Variablée' Regression coefficient (+ SE) zvalue P)
Intercept -2.28 £ 0.37 -6.08 (<0.0001)
Fire 2.01+0.45 4.47 (<0.0001)
Rodent access -2.23+£0.74 -3.01 (0.0026)
Species -0.87 £ 0.44 -2.00 (0.046)
Year2007 -0.82 £ 0.42 -1.94 (0.053)
Fire*Year2007 2.27 £0.53 4.28 (<0.0001)
Fire*Rodent access -3.82 +£1.22 -3.12 (0.0018)
spPP*Year2007 -3.59+£0.61 -5.87 (<0.0001)

! Fire indicates burned vs. unburned for&dent accessenotes emergence in open
cagesSpeciess the emergence of ponderosa piRmsponderosaseedlings
relatively to that of Douglas-fiRseudotsugaenziens)i, andYear2007s the
emergence during the second year of the cage gationrtrials. See the text for

further explanation.

Discussion

Our results demonstrate that wildfire creates lyiggworable conditions for
seedling recruitment, but that intense seed praaldly elevated deer mouse
populations reduces this effect. Deer mice werbdglnty responsible for the seed loss
in burned forest because (1) deer mice accounte8bfb of individuals captured in
the burned forest (Chapter 4), and (2) seed removairned forest was intense only
at night, when chipmunks, the only other rodends tere regularly captured in
burned forest, do not forage. In addition, signfoohging and feces left on most
depredated seed trays indicated seed removal k& Rice the striking difference
between seedling emergence in open and closed saggsst strong seed limitation
in burned forest, seed predation by deer mice naffatt the process of postfire

forest succession.
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Mice are known to increase in abundance after falisturbances, including
wildfire (Pearson 1999, Fisher and Wilkinson 2006apter 2 of this dissertation) and
for their ability to control plant populations tlugh intense seed consumption
(Kauffman and Maron 2006, Pearson and Callaway ROB®wever, our study is the
first to demonstrate that mice reduce seedlinguignent in burned forest. This
ecological effect may be unique to the postfirecegsion in western North America.
For example, ifPinuscoulteriwoodlands in coastal California, where the small-
mammal community is dominated by kangooro rBipddomysagilis), rodents
substantially contributed to postfire seed disdeasd seedling establishment
(Borchert et al. 2003). IRinus halepensifrests in Spain, seed predation in burned
areas was lower than in unburned areas and exolo$imdents (probablfpodemus
spp.) resulted in only moderate increase in segdlensity (Broncano et al. 2008).

It is possible that some of the seeds removed fhenseed trays and
germination cages were cached rather than eatardévaVall et al. 2005, Moore and
Swihart 2008). Even though deer mice are thoughtt@s seed predators rather than
seed dispersers (Sullivan 1978), some individualsathe seeds (Vander Wall 1992,
Vander Wall et al. 2001). Therefore, our estimateseed removal may be considered
the upper boundary of seed mortality caused by ué@z. In undisturbed habitats,
germination from uneaten seeds that were scattediad is usually higher than
germination from the litter surface (Vander WalB29, probably because litter acts as
a mechanical barrier preventing seed-soil contaas{ro et al. 2002). Taking into
account the possibility of germination from cachés, effect of mice on tree
recruitment in unburned forest could actually bsifine. This would require that the
unmeasured fraction of removed seeds that remaesten, germinates, and
establishes, is higher than the fraction of seledisémerged and established in closed
cages in unburned forest (germination x establistim@-5%; see Figure 3). In
burned forest, a high fraction of seeds sowed ergtbund surface in closed cages
emerged and survived. It is unlikely that cachiggrbce could further improve
germination and survival. Naturally occurring séegh in burned forest were rare and
seedling clumps, a tell-tale sign of germinatiamirrodent caches (Vander Wall
1992, Borchert et al. 2003), were never found. @\dt appears that there is little
benefit from deer mouse-mediated seed disperdalnmed forest, and the costs of
seed removal are high. Thus, deer mice serve mastged predators in burned

forest, although it is possible that they functaanseed dispersers in unburned forest.
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If this is the case, the role of deer mice in reruitment would be context-
dependent.

Deer mice demonstrated slight but significant meziee for larger ponderosa
pine over smaller Douglas-fir seeds. However, seatbval in burned forest was so
intense that no seedlings were found in open gextioim cages, regardless of sowed
species. Therefore, other than slowing down the sateestablishment, the impacts
of mice in burned forest are difficult to predict.

Our results serve as a prominent example of hotebeates mediate the
effects of the physical environment on plant comitiesy Deer mice alter seedling
establishment and may act as drivers of postficeesssion of western forests. This
situation represents an unforeseen, indirect effefdrest fires, and a disturbance-
mediated “top-down” effect of rodents on plant coumities.
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ADDENDUM

Rafat Zwolak Ogniu, krocz za mm:
Division of Biological Sciences Ekologia i polityka
University of Montana pozarow lasow Ameryki Péinocnej
Missoula, MT 59812 Fire, walk with me:
USA Ecology and politics

of forest fires in North America

1. Wstep

Zaburzenia ekologiczne to nieqdina czs¢ ekologicznych procesow. Wiatrotomy,
inwazje owadow (,szkodnikow”), powodzie, fary, ekstremalne susze charakteryuj
ksztattup ekosystemy w takim samym, agsi nawet wikszym stopniu, i przecetna
temperatura, cz§rednie opady (White i Pickett 1985). W dodatku zabuia, o ile nies
zbyt czste i silne, mog zwigksza& réznorodnd¢ biologiczry. Przy ich braku,
ekosystemy zdominowane przez organizmy przystosowane do nasilonej komiajre
miedzygatunkowej. Przy estych, silnych zaburzeniach, prym wipgatunki odporne na
stres i zdolne do szybkiej kolonizacji siedlisk.tdlaiast pérednia czstotliwosé i sita
zaburzé sprzyja wspdétistnieniu obu strategyiciowych (Connell 1978). Niektorzy
ekolodzy kwestionaj uniwersalné¢ tego scenariusza (np. Mackey i Currie 2001), lecz
znakomita wekszai¢ zgadza ), ze zaburzeniaagednym z najwaniejszych czynnikéw
ksztattupcych r&norodnd¢ biologiczr.

Chct ludzie czasem powodupasilenie naturalnych zaburfziesami bywag ich
czynnikiem, to zwykle starajsic je kontrolowd&, powstrzymywa i ttumi¢. Czasami w
najlepszej wierze gboko zmieniamy przy tym funkcjonowanie ekosystemow
nierzadko sprowadzamy na siebie mnostwo nieprzeangzh kiopotéw. W artykule
tym opisug wiasnie takie problemy i sposoby radzenia sobie z manprzyktadzie
pozarow lasow iglastych Ameryki Pétnocne.
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2. Rola pazaréw w ekologii laséw iglastych
Ameryki Potnocnej

Ogien to najwaniejsze naturalne zaburzenie w lasach Potnocyaktsgice je od
tysiecy (Hansson 1992), a nawet milionow lat (Weberyldal1992). Paary
odpowiadaj za naturala struktue tych lasow, ktére twoezunikalm mozailke réznych
stopni sukcesiji, niezwyktpatchwork w ktérym wiele gatunkéw &hin i zwierzat
wystepuje tylko w specyficznych siedliskach powstgich po uptywie okrdonego
czasu od zaburzenia. Sfog pnie spalonych drzew, powalone ktody, nory patest
miejscu wypalonych korzeni i pokryta sadyeba oferyj unikalne siedliska wysoce
wyspecjalizowanym, ,pzarolubnym” gatunkom rhin i zwierzat. Las po intensywnym
pozarze wyghda jak cmentarzysko, ale dla wielu organizméw gestkonatym, a czasem
nawet jedynym siedliskiem. Ciemniki, chszcze z rodzajelanophila(bogatkowate,
Buprestidae), wykrywajpazary z odlegtéci nawet 50 kilometrow (mechanizm opisuj
Schitz i in. 1999), kierajsie w ich stror i sktadaj jaja wswiezo spalonym drewnie —
jedynymsrodowisku, gdzie magrozwijat sig ich larwy. Dzkcioty poinocne Picoides
arcticug zywia sic owadami zjadagymi drewno spalonych drzew i rzadko spotykane s
w siedlisku innym, i niedawno zniszczony przezjaw las (Hutto 1995). Talke dla
wielu gatunkow eurytopowych pary wcale nie g katastrod: np. wszdobylski myszak
amerykaski Peromyscusnaniculatusggwattownie zw¢ksza liczebn&t populacji po
pozarach lasu (Zwolak i Foresman 2007). Réwrdezewa zaadaptowatyesilo
powtarzagcych st pazarow. Niektore, wypos@ane w niezwykle grubkore, bez
szwanku wytrzymuj umiarkowane pzary (np. sosnaotta Pinusponderosdub sekwoja
wiecznie zielon&equoiasempervirens Inne potrzebuj ognia, aby s rozmnay¢: np.
szyszki sosny wydmowdinuscontortaotwierap sic dopiero pod wptywem wysokiej
temperatury (Miller 2000). W nieobeditd pazarOow gatunki te zwykle przegrywayv
konkurencji z mniej odpornymi, ale szybko resymi drzewami. Krotko mowic,
wieksza¢ lasow Ameryki Potnocnej zostato uksztattowanychegrpowtarzagce sg
pozary. Nam, mieszkaom strefy umiarkowanej Europy, gdziezpoy lasow g

rzadkdacia, trudno sobie to nawet wyobrazi
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3. Iskrzenie na styku polityki i ekologii
3.1. Czy uda st ,wyleczy¢” lasy Stanow Zjednoczoczonych
Ameryki P6tnocnej?

Pazary to naturalne zjawisko w lasach Ameryki Poingc@eal tyskcy lat wywotup
je uderzenia piorunéw podczas tzw. ,suchych burzéstych np. za zachodzie Stanéw
Zjednoczonych. Rowniewiele indiaiskich plemion celowo wzniecato pary lasu,
wzmagajc ich czstotliwos¢ na niektdrych obszarach dzisiejszych USA i Kanady
(Swetnam i Baisan 1996). Wraz z zasiedleniem Amgrgez biatego cztowieka,
postrzegajcego paary lasu jako nieprzewidywalne, gre i jednoznacznie negatywne
zjawisko, rozpocga sk era intensywnego ich zwalczania. Begpdnim impulsem do
nasilonej walki z pgarami bylyThe Great Firespazary ktore spustoszyty Gory Skaliste
w 1910 r., niszexe liczne domy i zabijag wielu ludzi. W efekcie, gtownmisja
formujacej sk dopiero amerykigskiej stizby lesnej (USDA Forest Servigestato s¢ od
tej pory powstrzymywanie i gaszeniezpodw lasu (Paine 2001)he Great Fires
wywotaly zazarta debat pomidzy zwolennikami bezwzegtinego zwalczania ognia oraz
zwolennikami stosowania kontrolowanychzpodw do utrzymywania laséw o
pozadanym skiadzie gatunkowym. Koncepcjgywania ognia jako metody
gospodarowania byta wzorowana na dziataniach Indiath nazwana zostata
pogardliwie ,indiaskim lenictwem” (Paine 2001). W nagistwieThe Great Fires
opcja ta z kretesem przegrata.

Przez lata wydawatogize polityka gaszenia wszystkichzawow w zarodku odnosi
spektakularny sukces. Jednak yu latach 60. naukowcy idaicy dostrzeglize sukces
ten optacono wieloma niekorzystnymi zmianami ekangymi: inwazjami
egzotycznych gatunkow §lin, zanikiem wielu rodzimych i gbokimi zmianami w
strukturze lasow (Convington 2000, Stephens i ROBE). W dodatku, pomimo wg
wzrastagcych sit isrodkow przeznaczanych na walk pazarami lasu, ich liczba i obszar
drastycznie wzrosty w ostatnich latach (rys. 1).diMg niektorych ekspertoéw (zobacz np.
Convington 2000), paradoks ten jest wywotany nagrdzeniem martwego drewna oraz
zmianami gatunkowymi i wzrostemegiasci drzewostanow, ktore nagity po
wyeliminowaniu pagarow. Paary w tak zmienionych lasach siezwykle intensywne.

Swetnam i Baisan (1996) méwd paradoksie walki z tymywiotem: ,jezeli na krothkg
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met odnosimy sukces w redukowaniu liczbygodw poniej pewnego poziomu, wtedy
wczegniej lub p&niej nastpujq katastrofalne, niszqee paary’.

Rozwigzaniem tego problemu madbliealthy Forest Restoration Agiodpisany
przez prezydenta George’'a W. Busha w 2003 r. Ustawaktada zmniejszeniegicici
drzewostanow poprzez selektyywvycinke drzew oraz redukejnagromadzonych paliw
(tzn. martwego drewna) poprzez zastosowanie kawiahych paarow (USDA Forest
Service 2003). Mimae koncepcja ta spotkata s krytyka naukowcdw, organizacji
ekologicznych i wielu Iénikow, jest obecnie wcielanaiycie na rozlegtych obszarach
wielu zachodnich standw. Organizacje ekologiczmewrzay, ze Healthy Forest
Restoration Acjest wygoda furtka pozwalajca wptywowym kompaniom przemystu
drzewnego na wycirknawet najstarszych drzewostanow. Naukowcy z kedkiazuj,
ze ustawa ta stosuje jeden sposébgpastania, oparty wylcznie na badaniach lasow
zdominowanych przez sosioita, do kadego typu lasu, niezaleie od jego sktadu
gatunkowego. Tymczasem lasy Ameryki Poinocnej cgcbgromne zrznicowanie
typow, intensywnéci i czestotliwasci naturalnych pearéw. W uproszczeniu, lasy sosny
z0tltej, potazone na niszych wysokéciach i na niszych szerokiciach geograficznych,
odznaczaj sie czestymi pazarami poszycia, natomiast dla lasow wysokogérskich
borealnych charakterystyczrnergadsze pzary koron, ktére powodajwysoky (czesto
100%)smiertelnag¢ drzew. Badania wskazyjze polityka powstrzymywania garéw, w
pofaczeniu z intensywnym pozyskiwaniem drewna, rzeczgiwywotata szereg
niekorzystnych zmian w lasach historycznie zdomiawych przez sosrzotta
(Schoennagel i in. 2004). W ekosystemach tyclelzswyt sk udziat drzew
cieniolubnych, ktére rosrnw duzym zagszczeniu (np. jedlica zielolRseudotsuga
menzies)ii w efekcie znacznie zwkszaj czstotliwos¢ intensywnych pearow koron. Z
drugiej strony, polityka powstrzymywaniazawow nie miata wptywu na funkcjonowanie
lasow wysokogorskich. Tam pary rowniez sa naturalnym, bardzo viaym zjawiskiem,
lecz wystpuja z mniejsa czestotliwoscia (co 100—200 lat: Arno 2000) i ludzkie
dziatania trwaty zbyt krétko, by znagzo te ekosystemy zmiehiW tej sytuaciji
selektywna wycinka proponowanahiealthy Forest Restoration Ast zledna,
poniewa nie zredukuje prawdopodolistwa paaréw, a jedynie zakiéci naturalne

funkcjonowanie lasu (Schoennagel i in. 2004). WeesStephens i Ruth (2005)
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wykazali,ze celeHealthy Forest Restoration Asf nierealistyczne, ponievaabraknie
srodkéw i czasu, aby przeprowadzelektywn wycinke i kontrolowane pgary na
olbrzymich obszarach (25 milionéw ha), ktére tycteth rzeczywicie potrzebuy.

3.2 Czy warto wycin& spalony las?

Konsekwecj postrzegania p@arow jako ekologicznej i ekonomicznej katastrofy, a
spalonych drzew jako marragego st drewna, jest praktyksalvage loggingczyli w
wolnym tlumaczeniu ,.zibu ratunkowego”: usuwania poiarze stggcych, martwych
drzew. Zgb taki ma na celu (1) ,uratowanie” @i straconego w parze drewna, (2)
przyspieszenie regeneracji lasu oraz (3) zredukeengmyka przysztych parow
poprzez zmniejszenie Hoi martwego drewna. Praktyka ta jest kontrowersypusiewa
pnie spalonych drzewasvaznym siedliskiem dla wielu gatunkow zwiat roslin
(Lindenmayer i in. 2004, Nappi i in. 2004). Cocegj, zab popaarowy powanie
zaburza stosunki wodne oraz przyczyngds gwaltownej erozji gleby (Karr i in. 2004).
Wreszcie drogi budowane, by uphiavi ¢ wyrab i wywoz spalonych drzew powodu;j
diugotrwate zmiany w strukturzedonosci i przyczyniajy si¢ do rozprzestrzeniania
gatunkow inwazyjnych (Beschta i in. 2004). Najghejszym echem odbity siwyniki
bada Donato i in. (2006) z wydziatudeictwaOregon State Universityppublikowane
w prestzowym magazyni&cienceWykazaty oneze dwa z trzech waej wymienionych
argumentow za przeprowadzanieratzr popaarowego nie znajdajodzwierciedlenia w
faktach. Wycie ckzkiego sprztu do wycinki powanie uszkadza glebniszczy siewki
drzew i zamiast przyspieszanaczaco spowalnia regeneradasu. W dodatku, zb
zwicksza zamiast zmniejszayzyko przysztych pzaréw, poniewa jego uboczny
produkt to daa ilos¢ martwego drewna na powierzchni gleby.

Publikacja ta wywotata ogromne kontrowersje, porsiewkazata s w momencie,
gdy do amerykiaskiego Kongresu trafity dwie ustawy utatwgeg kompaniom drzewnym
zrab popaarowy na terenie lasow fistwowych. Jednak prawdziwy skandal np#t
gdy wyszto na jawze wiadze wydziatu knictwaOregon State Universitysitowaty
wptynaé na redaktorévcienceby zatrzyma publikacg swoich podwtadnych.
Pikanterii dodaje fakze 12% budetu wydziatu pochodzi z dotacji od przemystu
drzewnego (Stokstad 2006). Do dyskusjewlyt sk takze kongresman Brian N. Baird, z
wyksztatcenia... psycholog, ktory — rowhiea tamactscience- skrytykowat metody
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zastosowane w badaniach Donato (Baird 2006). Wieefxmato i pozostali autorzy
bada poproszeni zostali 0 zrelacjonowanie swoich wynikiFzed komisj senack,
stawiapc czota wielu dociekliwym, czy wcz napastliwym pytaniom (Stokstad 2006).
Tymczasem rezultaty bagl®onato i in. (2006) trudno uzéaa zaskakuage. Ju
wczeniejsze badania wskazywaty na szkodliwe efekgpuampopaarowego (przegh w
Karr iin. 2004 oraz w Nappi i in. 2004). Wyniki t&azaty st jednak w bardziej
wyspecjalizowanych i mniej prestiwych czasopismach.

Catkowite zaprzestanieghu popaarowego jest niezbyt prawdopodobne ze
wzgleddéw ekonomicznych. Jego negatywne skutki sn@gowinny) by jednak
zminimalizowane. Naukowcy postulugzereg rozvazan, wliczajgc w to pozostawianie
niektérych spalonych drzew (zwtaszcza tych nelpsych), wzmaenie wysitkow
majacych na celu chronienie gleby podczas operacji mayua i wywozu drzew, unikanie
tworzenia nowych drég, ograniczanie sztucznegosiaié spalonych obszarow, czy
wreszcie krytyczny postulat monitorowania wynikoasgodarki popzarowej (Hutto
1995, Beschta i in. 2004, Karr i in. 2004). W cectmgkologicznie rejonach o
ratunkowy” w ogole nie powinien Byprzeprowadzany (Karr i in. 2004).

3.3. Czy zyb zupelny maze zasgpié
naturalne zaburzenia w lasach Kanady?

W Kanadzie polityka gaszenia naturalnycligmdw pohczona z intensywn
gospodark lesna sprawity,ze ziub zupetny zagpit pozary jako dominujce zaburzenie
lasow borealnych. W tym samym czasie g@aitd wazna zmiana w postrzeganiu lasu
przez spoteczestwo Kanady: puszcze borealne rigus traktowane wydcznie jako
miejsce produkcji drewna, ale jako skomplikowangmainiczne ekosystemy, ktorg s
siedliskiem dla wielu organizmow (wliczaj w to zwierzyg towna), stuza jako miejsce
wypoczynku i dostarczajnietatwych do przeliczenia na piedze wraen estetycznych
(Mitchell i Beese 2002). W efekcie gliszc¢ spoteczastwa nie akceptuje ju
wielkoobszarowych zbow zupetnych (Paquet i Bélanger 1997),&cho wianie ta
metoda pozyskiwania drewna jest najbardziej ekonmnai i z tego powodu najgxiej
stosowana (Keenan i Kimmins 1993). Czy jednak riéth jest uzasadniona? Wrcu
wycinka to rownie zaburzenie, tak jak ogiedo ktorego lasy borealne sd tysecy lat

zaadaptowane. 4d tym tropem, niektérzy naukowcy twiergze jesli uda sk
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zmodyfikowa& metody pozyskiwania drewna taleby jego skutki ekologiczne
przypominaty efekty pgaréw, funkcjonowanie, struktura iznéorodnd¢ biologiczna
eksploatowanego lasu pozostanie nienaruszona fmesH Keenan 2002). Teza taye
podstawy nowego paradygmatu wrietwie Kanady, tzwemulation forestryczyli
gospodarki lenej symulugcej skutki naturalnych zabunzeZrab powinien wec
zachodz z czstotliwoscia podobra do czstotliwosci pazarow, na obszarach zhtinych
do obszarow p@row, i z intensywnixia (mierzor wptywem na organizmyywe)
przyblizona do tej, ktora charakteryzuje fary (szczego6towe zalecenia zrdlenazna
np. w Ehnes i Keenan 2002). Koncepcja ta zdobykanadzie dia popularnéé, takze
dlatego,ze stanowi usprawiedliwienie dla wajpu olbrzymich potaci lasu (McRae i in.
2001). Areat naturalnych paréw lasu ma charakterystyczny rozkitad, z wielonagymi
i nielicznymi o bardzo diej powierzchni (Van Wagner 1978). W Kanadzie 1,5%
najwickszych paarow odpowiada za 95% spalonej powierzchni lasstodks i Simard
1993). | to widnie ta cecha jest najeimiej na&ladowana w raczkagejemulation
forestry. W tej sytuacji trudno przypuszazaeby ta nowa praktyka byta recemia
utrzymanie wysokiej inorodndci biologicznej w eksploatowanych lasach. Jednak
nawet duo bardziej wyrafinowane wersgmulation forestrygnorup szereg
zasadniczych enic pomedzy skutkami pgarow i zebu (za McRae i in. 2001):
1. Zrab to zaburzenie mechaniczne, natomiagsapto gwattowna reakcja
chemiczna.
2. Pazary zwkkszap iloé¢ martwego drewna, peliego wane role ekologiczne
(patrz wyzej), podczas gdy skutkiem (i celem}lau jest wywoz drewna z lasu.
3. Paary wyzniaja gleky; zrab zwykle powoduje jej degeneracj
4. Pozyskiwanie drewna przyczynig sio rozwoju sieci drog w lesie, co paga za
soly jego fragmentagj nasilone gytkowanie przez ludzi, inwazje egzotycznych
gatunkéw rélin oraz eroz gleby.
5. Sukcesja po parze i po zbie przebiega zupelnie innymi drogami: ta druga
prowadzi czsto do dtugotrwatej dominacji gatunkéwdiastych.
Podsumowujc, o ile maliwe jest zmodyfikowanie metod pozyskiwania dreviaia
by jego skutki przypominaty efekty naturalnychzpmw, zaburzenia te nigdy nieda
réwnoznaczne. A skutki obecnej gospodarknég s od skutkow peardw diametralnie
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rézne. Tym niemniejemulation forestryizna& mazna za pozytywatendenag w
gospodarce kmej, gdzie coraz wkszy nacisk kladzie sina utrzymanie rinorodndgci
biologicznej i zachowanie integrakéw proceséw ekologicznych. W kou rezygnacja z
pozyskiwania drewna jest nietdova. Nawet redukcja jego zycia, ch@ ze wszech
miar pazadana, pozostaje mrzogkDekker-Robertson i Libby 1998). W tej sytuaciji,
zmniejszenie rodzimej produkcji oznaczatoby konmsz wzmazonego importu drewna
Z zagranicy. Rozwganie to jest nieetyczne, bo oznacza przerzucevigzanych z tym
problemoéw ekologicznych na inne kraje, najczej rozwijapce sk, gdzie pozyskiwanie
drewna ma nierzadko charakter rabunkowy (Dekkerersbn i Libby 1998). Dlatego
wazne jest cigte poszukiwanie nowych rozgzan w kierunku samowystarczalnej
gospodarki lénej przy minimalnych kosztach ddeodowiska.Emulation forestryest
jedm z takich préb.

4. Zakonczenie

W ostatnich latach nagiita znacaca zmiana w nastawieniu wobec naturalnych
pozaréw lasu. Najpierw ekolodzy, potengmécy | wreszcie ogoét spoteciastwa zaca
dostrzegad ogromne znaczenie zabufizekologicznych w prawidtowym funkcjonowaniu
wielu laséw Ameryki Poinocnej. Jednak stare prolylevaiaz pozostaj nierozwizane, a
do tego pojawiaj sic nowe. Polityka gaszenia wszystkichzpmw jest zbyt kosztowna i
na diwsz met szkodliwa, ale nie mama te ich totalnie akceptowa poniewa w
Stanach Zjednoczonych vagiogromnie popularne jest budowanie doméw na samej
granicy lasow. Ogie powoduje wgc czsto ofiarysmiertelne i straty materialne. W
dodatku polityka powstrzymywania jaréw okazata sidrog, z ktérej nie ma powrotu:
w niektérych ekosystemach nagromadzitptgie paliw,ze obecne pary @
niespotykanie niszeze i wymagaj zdecydowanych interwencji (Convington 2000).
Wreszcie liczba parow w Ameryce Potnocnej wzrasta wraz z ppsfaicym
ocieplaniem klimatu i przewidujessize tendencja tadolzie s¢ dalej nasila (Westerling
i in. 2006). Podsumowag, dynamika ekosysteméwsleych jest nieodwracalnie
zmieniona, powroét do ,naturalnych” warunkéw jestmiazliwy i wigkszasé obszarow
lesnych wymaga lub dlzie wymaga aktywnego gospodarowania. Problemem jest tylko

ustalenie, jaki rodzaj dzialabedzie najskuteczniejszy.
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Podziekowania: Stanistaw i Julia Pagacz przeczytali piersvezrsg artykutu,

udzielapc wielu cennych uwag.
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Summary

| reviewed the ecological and socio-political contrsies associated with wildfires and
forest management in North America. | focused sadmanagement practices: (1)
restoration of “healthy” forests in western US, ®}tfire (salvage) logging, and (3) the
use of clearcutting to imitate natural disturban@escalled “emulation silviculture”). It
has been argued that fire suppression in forestsridgally dominated by ponderosa pine
(Pinusponderosa has resulted in changes in their structure aedisp composition,
accumulation of fuels, and increased frequencyaaad of severe fires (Fig. 1). These
problems are being addressed by thinning and pbescburning, but implementing

these actions in mid- and high-elevation forestoigentious because these forests have
not been impacted by fire suppression. Salvagenggg intended to recoup economic
losses, enhance regeneration and reduce fireHmkever, recent research indicates that
postfire logging achieves only the first goal, wehilindering regeneration and increasing
woody fuel loads. Finally, forest harvest is unljke substitute wildfires because of
differences in size distribution, frequency, andlegical consequences of the
anthropogenic and natural disturbances. Whilertigortant ecological role of forest

fires is being increasingly recognized, the managerof fire-maintained forests is still
facing unresolved problems. Moreover, the ongolimgate warming will make it even

more challenging.
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Appendix A.—Studies used in “A meta-analysis of the effectwitdfire, clearcutting, and partial harvest on #imindance of North

American small mammals”

Reference Study location Forest type Use in meta-analysis

1. Buckner and Shure, 1985 North Carolina Deciduous Clearcu®imganiculatus

2. Campbell and Clark, 1980 Wyoming Coniferous Clearcutthgyapperi, P. maniculatus

3. Clayton, 2003 Utah Coniferous Clearcutti8gcinereus

4. Clough, 1987 Maine Coniferous, mixed Wildfire, clearcuttMggapperi,P. maniculatus

5. Cockle and Richardson, 2003

6. Créte et al., 1995

7. Elliot and Root, 2006

8. Ford and Rodrigue, 2001

9. Fuller et al., 2004

British Columbia  Coniferous
Quebec Coniferous
Missouri Deciduous

West Virginia Deciduous
Maine Mixed

Clearcutting+burningM. gapperi
Clearcuttingapperi, P. maniculatus

Wildfire: M. gapperi, P. maniculatus

Clearcutting, partial haBebtevicauda,M.
pennsylvanicus
Partial haSesinereus, B. brevicauda,
Clearcutting (10-20 y.a.B. brevicauda
Partial harvédt:.gapperi, P. maniculatus, B. brevicauda

Clearcutting (10-20 y.a.B. brevicauda, M. gapperi, P.
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maniculatus

10. Gashwiler, 1970 Oregon Coniferous Clearcutting+burihgapperi, P. maniculatus

11. Gitzen et al., 2007 Oregon Coniferous Partial hariesgapperi, M. longicaudus, P. maniculatus
12. Gomez and Anthony, 1998 Oregon Coniferous ClearcuRingraniculatus, M. longicaudus

13. Gunther et al., 1983 Washington Coniferous Clearcuttingapperi, P. maniculatus

14. Halvorson, 1982 Montana Coniferous Clearcutting+burihgapperi, P. maniculatus

15. Healy and Brooks, 1988 West Virginia Deciduous Clearcutingrevicauda, M. gapperi, N. insignis

Clearcutting (10-20 y.a.B. brevicauda, N. insignis

16. Hooven, 1972 Oregon Coniferous Clearcutting, clearcutting+buimganiculatus
17. Kirkland, 1974 West Virginia Coniferous ClearcuttiMy:gapperi, P. maniculatus, S. cinereus
18. Kirkland, 1977 West Virginia Coniferous, deciduous  Clearcutting,auiétarg (10-20 y.a.)B. brevicauda, M.

gapperi, M. pennsylvanicus, N. insignis, P. maniculatus, S.
cinereus
Clearcutting (10-20 y.a.B. brevicauda, M. gapperi, N.
insignis, P. maniculatus, S. cinereus

19. Kirkland, 1978 Pennsylvania Deciduous Clearcuttihggapperi

20. Klenner and Sullivan, 2003 British Columbia  Coniferous ClearcuttingallaarvestM. gapperi, M. longicaudus, M.

pennsylvanicus, P. maniculatus, T. amoenus
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21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Krefting and Ahlgren, 1974
Kyle and Block, 2000

Lovejoy, 1975

Martell, 1983

Martell and Radvanyi, 1977

MacCracken, 2005

Medin, 1986

Medin, 1989

Mitchell et al., 1997

Monthey and Soutiere, 1985

Pearce and Venier, 2005

Minnesota
Arizona

New England

Ontario

Ontario
Washington
ldaho
ldaho
Virginia

Maine

Ontario

Mixed Wildfiké: gapperi, P. maniculatus
Coniferous Wildfife: maniculatus
Deciduous Clearcuttihgorevicauda, M. gapperi, N. insignis, P.
maniculatus,
Clearcutting (10-20 y.a.B. brevicauda, N. insignis,
Mixed Partial harveBt:brevicauda, M. gapperi, M.
pennsylvanicus, N. insignis, P. maniculatus, S. cinereus
Coniferous Clearcutithgpennsylvanicus, P. maniculatus,
Coniferous Partial haiMegtapperi, M. longicaudus, P. maniculatus
Coniferous Partial harviestgapperi, P. maniculatus, T. amoenus
Coniferous Partial harviestgapperi, P. maniculatus, T. amoenus
Deciduous ClearcuttiBgbrevicauda, P. maniculatus, S. cinereus,
Coniferous Clearcutting, partial ha&vesevicauda, M. gapperi, M.

pennsylvanicus, N. insignis, P. maniculatus
Clearcutting (10-20 y.a.B. brevicauda, M. gapperi, N.
insignis, P. maniculatus

Coniferous, mixed Clearcutting;uttersy (10-20 y.a.)B. brevicauda, M.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Potvin et al., 1999 Quebec
Probst and Rakstad, 1987 Minnesota
Ramirez and Hornocker, 1981 Montana

Ritchie et al., 1987 British Columbia
Roppe and Hein, 1978 Colorado
Simon et al., 1998 Labrador
St-Laurent et al., 2008 Quebec

Steventon et al., 1998 British Columbia

Stout et al., 1971 Idaho
Sullivan, 1979a British Columbia
Sullivan, 1979b British Columbia

Sullivan and Sullivan, 2001 British Columbia

Coniferous

Deciduous

Coniferous

Coniferous

Coniferous

Coniferous

Coniferous

Coniferous

Coniferous

Coniferous

Coniferous

Coniferous

gapperi,M. pennsylvanicus, P. maniculatus, N. insignis, S.
cinereus
Clearcuthihggapperi, P. maniculatus, S. cinereus
Clearc@tibgevicauda, M. gapperi, M. pennsylvanicus,
P. maniculatus, S. cinereus
Clearcutting, clear¢li2@ y.a.), partial harvestl.
gapperi, P. maniculatus, S. cinereus
Clearcutfhgnaniculatus
WildMegapperi, P. maniculatus
Wildfive:gapperi
Clearcutdngapperi
Clearcutting, pamashdl. gapperi, M. pennsylvanicus,
P. maniculatus
Wildfire:maniculatus
Clearcutting+buritngnaniculatus
Clearcuttihigmaniculatus
Clearcutthgiapperi, M. longicaudus, M.

pennsylvanicus, P. maniculatus, S. cinereus, T. amoenus
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44,

45,

46.

47.

48.

49.

50.

51.

52.

Sullivan et al., 1999

Sullivan et al., 2000

Sullivan et al., 2008

Swan et al., 1984

Von Trebra et al., 1998

Walters, 1991

Waters and Zabel, 1998

Zwolak and Foresman, 2007

Zwolak 2008

British Columbia  Coniferous

British Columbia  Coniferous

British Columbia  Coniferous

Nova Scotia Deciduous

British Columbia  Coniferous

British Columbia  Coniferous

California Coniferous
Montana Coniferous
Montana Coniferous

Clearcutting+burMngapperi, P. maniculatus
ClearcuttingM. gapperi, M. longicaudus, M.
pennsylvanicus, P. maniculatus, T . amoenus

Clearcutting (10-20 Magapperi, M. pennsylvanicus, P.
maniculatus, S. cinereus

Clearcuttihggapperi, M. longicaudus, M.
pennsylvanicus, P. maniculatus, S. cinereus, T. amoenus,

Clearcuttingrevicauda, M. gapperi, M. pennsylvanicus,
N. insignis, S. cinereus.

Partial harvestB. brevicauda, N. insignis, S. cinereus

Partial haMesgjapperi, P. maniculatus, T. amoenus,

Clearcutting (10-20 Yagapperi, P. maniculatus, S.
cinereus

Partial hafRestaniculatus, T. amoenus

Wild¥iregapperi, P. maniculatus

Wildfitd: gapperi, P. maniculatus
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Appendix B.—Highest-ranked models used to estimate survivakdmhdance of deer

mice Peromyscus maniculatus burned and unburned study sites.

Rank/Model K AAIC: W
2006

1 D, p, Cv+s 8 0.00 0.234
2 D, Pa, Cu*s 9 1.24 0.126
3 D, P, Gre 9 1.78 0.096
4 Dy, P, Gur 9 1.98 0.087
5 D, p, G 5 2.40 0.071
6 Pg, Ps, Cura 10 2.42 0.070
7 Dy, Ps, Gu*B 10 3.26 0.046
8 @, pu, Cu* 10 3.55 0.040
9 @, Ps, Gu 6 3.62 0.038
10 g, p, Gu 6 4.15 0.029
2007

1 D, pu, Cu* 10 0.00 0.494
2 ®g, Pv, Gu*s 11 1.96 0.185
3 Dy, Py Cur 11 1.97 0.185
4 D, pws, Cu*s 13 524 0.036
5 P+, Pu, Gz 13 5.97 0.025
6 D, p, Gur 8 6.65 0.018
7 dy, pwe, Ows 14 7.22 0.014
8 dg, Pues, G 14 7.25 0.013
9 Dy, P, Gur 9 8.36 0.008
10 &g, p, Gus 9 8.63 0.007

Note: Survival @), probability of capturep), and probability of recapture)(were modeled as
constant (no subscripts), differing among monthly trapping sessions (denthteipgcripivi),
differing between burned and unburned sites (sub<yjmir changing both among trapping
sessions and between burned and unburned sites (subs@iptThe models were run in
program MARK and ranked accordingA@lIC.. K denotes the number of parametersanchn

be interpreted as the weight of evidence in favor of mio@alirnham and Anderson 2002).
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