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CHAPTER 11

| mpacts of Diseasesand Other Disturbanceson
Non-Timber Forest Resources A Case Study
Involving Small Mammals

John E. Lundquigt and JamesP. Ward, Jr.
USDA Forest Service, Rocky Mountain Research Station, Fort Collins, CO and Alamogordo, New Mexico, respectively.

I ntroduction

t of the diverdity of aforest isthe variety of agents
that can kill trees. These agents differ in the nature,

magnitude, and patternsof their impactson forest re-
sources. Diseases, insect pests, and other small-scae
disturbancesare commonly assessed on the basisof their
impactson timber production. Tree mortality usudly means
reduced volume of living stems. Consequently, forest pa
thol ogistsand entomol ogistshave traditionally .maintained
anegative view of these disturbances.

Dead trees have traditionaly invoked a different per-
spective for wildlife biologigts. To them, dying trees either
embody important habitat structuresor lead to conditions
that support animal existence(Maser et al., 1979; Thomas
eta., 1979; Raphael and White, 1984; Ramotnik, 1997).
For example, fallen trees create openingsin forest canopies
that stimulate development of plant understory: tree seed-
lings, shrubs, forbs, and grassesthat in turn providefood
and cover for small mammals (Carey et ., 1999). Fdlen
treesaso provide smal mammalswith refugefrom preda
tors, nesting sites, and nursery conditionsfor production of
other food sources, such asarthropodsand fungi (Goodwin
and Hungerford, 1979; Hayes and Cross, 1987; Carey et
al., 1999). Severd forest pathology and entomology studies
have speculated on the ecological significance of diseases
and insects pests, but few have actualy addressed theirim-
pactson wildlifehabitat (Hart 1993; Bennetts et al. 1996).

In addition to diseases and insects, the most frequently
cited disturbancesin forestsare fire, logging, and livestock
grazing (Shaw et al., 1993; Swetnam and Baisan, 1994;
Tkacz etal., 1994; Geilset al., 1995; Kaufmann et dl.,
1998). The most commonly recognized expression of a
disturbanceis probably tree mortality. Not al disturbances
kill treesin the same way. Becausethey often act selec-
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tively, the canopy gapsthey causecan have digtinctive
characteristicsdepending on which trees are killed, what
woody structuresremain, and how succession proceeds. We
hypothesizethat particular tree killing pathogens, insects
and other disturbancescan have specific effects on smdll
mammal habitat, and that the relative importancedf differ-
ent tree-killingagentsdependson their nature, magnitude,
and spatia patterns.

Here we eva uate this hypothesis usng a test case
involving five speciesof smal mammalscommon to the
forestsof the southwestern United States. These small
mammalsare common prey of a threstened raptor, the
Mexican spotted owl (Strix occidentalislucida) (Ward and
Block, 1995). Information detailing influence of biotic
factorsand linkageswith the abundance and distribution
of thesespecieswill be useful for defining restoration pre-
scriptionsthat may help conservethese wildlifespecies.

Methods

Study stes. This study was conducted on three sites
that spanned an ecological gradient in the Sacramento
Mountainsof south-central New Mexico. The gradient was
determined by altitude, aspect, topography, and vegetation.
We categorized our sampled sites as xeric, transitional, or
mesic.

The vegetation at the xeric site represented coniferous
woodlands below 2200 m. Thiswoodland was comprised
primarily of pinyon pine (Pinus edulis) and juniper (Junipe-
rus §op.) with limited occurrencedf ponderosa pine (Pinus
ponderosa). Vegetation at the mesic site was comprised of
mixed conifer forest, including Douglas-fir (Pseudotsuga
menziesii), white fir (Abiesconcolor), and southwestern
white pine (Pinus strobiformis). The mesic Site was above
2200 m and classified as upper montane conifer forest.
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The transitional site occurred where ponderosa pine, and
lessfrequently, pinyon and juniper were associated with
the mixed conifer species. The vegetation at thissite
represented a transition between upper and lower montane
coniferousforests (Dick-Peddie, 1993). These Sites were
selected at random from 106 areas known to be occupied
by Mexican spotted owls. Tree cutting and livestock graz-
ing had occurred historically at dl three sites.

We established a4-ha plot at each of the three sites to
characterize horizontal structuredf the forest canopy, assess
tree-killing agents, quantify amounts of downed woody
debris, and the distributionof small mammals. We further
subdividedeach plot into agrid of stationsto systemati-
cally sample someof these parameters. Intervals between
stations varied according to the parameter sampled, as
described below.

Characterization of Forest Canopy. We characterized
forest canopy structure by quantifying the pattern of canopy
gaps, edges, and forest matrix following proceduresde-
scribed by Lundquist (1995). At each plot, we sampled the
horizontd projection of crown cover and crown length us-
ing aconcave, spherical optical densometer. Densiometer
values provided arelatively standard index of crown den-
Sty (percent canopy density or PCD) in aconical sample
volume above each observation point. PCD values ranged
from 0% where no crown was detected to 100% where the
crown occupied the entire sample view. We recorded PCD
at 1681 observation points per plot (agrid with 5-m inter-
vas between points). We normalized PCD by subtracting
from it the plot mean and dividing by its standard deviation.
We classified contiguousareas where the normdized per-
cent canopy density (NPCD) exceeded 0 as closed canopy
(forest), and areas with an NPCD less than 0 ascanopy
gaps(gap). These procedures provided operationd and
replicabledefinitionsfor describing canopy structureover a
vaiety of forest conditionsranging from open, short steture
woodlandsto dense, tdl forests. We imported NPCD into
ageographicinformationsystem (IDRISI, Eastman, 1992)
to map the location of gaps and compute gap number and
area

Characterization of gaps. We used the mapsaf forest
gapsto relocateindividua gapsin the field. For each gap,
we assessed probable causes, measured gap size more pre-
cisdly, and estimated amount and condition of down woody
debris.

We used ateam of plant pathologists, entomol ogists,
and ecologiststo ascertain gap causes (AGENT). This
team ascertained causes by examininglocal conditionsand
developing a consensusabout the agentsthat actually killed
trees to create a specific gap. Diagnosisof causa agents
was based on a careful evauation of obvious symptoms
and signs. For example, strong winds were commonly
associated with uprooting and stem breakage. ce and
snow commonly caused trees with dender stemsto bend,
especially trees at the edges of existing gaps. Lightning
often caused vertica bark strips up to many centimeters

wide along the stem. Blackened stems and/or duff signified
wildfire.

Dwarf migtletoeswereidentified by their vegetetive
and fruiting structureson stemsand branches. Bark beetles
often caused totd foliage discolorationand degth associ-
ated with egg galleriesand frass under the bark. Root
diseasescaused a generd progressive crown decline, with
red or chlorotic needles, basa resinos's, stunted internodes,
and needles, and sometimes a limited cone crop. Stem
cankerscaused discolored and necrotic portionsof stems
and branches and flagging and spiketopsin crowns. Human
activity other than timber harvesting commonly involved
road building and other clearingin the forest. Juniper
dieback, caused by an unknown agent, was indicated by
dead branchesand stems, and missing bark. Stem fal oc-
curred when dominant treesfell on and toppled codominant
neighboring trees.

Symptomscommonly varied continuoudy in quality and
intensity due to age, host, and environment. We recorded
best guesseswhen disturbance agents were not obvious.
Where diagnosiswas not possible, we noted the cause as
unknown.

We measured gap size as an areadetermined from
two perpendicular axia lengths, L and D. L represented
the longest length in agap, and D was measured asthe
length perpendicular to L. We calculated areaof each gap
(GAPAREA) asthe areaof an dlipsoid using 3.414*L*D/4
(Runkle, 1992). Because the ellipses approximated the
boundariesof gaps, gap sizesincluded some areaof forest
edge.

We assessad the amount and condition of woody debris
by measuring and classifyingdowned logsfound within
gaps. We classified the decompositionstate of each downed
log (>12 cm at widest end and > 2 mlength) according to
diagrams and definitionsdeveloped originally for spruce
(Ricea spp.)/fir forestsin the Pacific Northwest (Maser et
al., 1979; Thomaset a., 1979; Fahey, 1983) that we modi-
fied dightly. Log decomposition classes ranged from 1 to
5 corresponding to agradient of freshly fallen to mostly
decomposed. We recorded number of 1ogs (LOGCOUNT)
and average decomposition condition of 1ogs (LOGMEAN)
in each gap. We calculated log density (INTENSITY) as
LOGCOUNT/GAPAREA.

Distributionof small mammals. We quantified the
distribution and abundance of deer mice (Peromyscus
maniculatus), brush mice (Peromyscus boylii), Mexican
voles (Microtus mexicanus), long-tailed voles (Microtus
longicaudus), and Mexican woodrats (Neotoma mexicana)
using mark-recapture procedures. We captured smal mam-
malswith 121 large (8 X 9 X 23 cm) and 57 extra-large
(10X 18 X 60 cm) live-traps (Sherman, Tallahassee, FL) a
each site placed at stationsspaced 20 m (large traps) or 40
m (extra-largetraps) apart (Ward, 2001). We trapped for 8
consecutive nights, once at each plot during July through
Augudt in 1992, 1993, and 1994. We marked captured indi-
vidudswith uniqueear tags (Nationd Band and Tag, Co.,
Newport, KY). Systematic sampling from trap stations

-106-



alowed us to document the spatia distribution of individu-
asof each speciesduring each period. We used the number
of individuas(at timeof firsg marking) that occurred at
each trap station during a given period asameasure of
small mammd distribution.

Réationshipsamong distur bance agents, canopy
gaps, and small mammals. We used a nonparametric
analysis method called Classification And Regression Tree,
CART (Breiman et al ., 1984) to modd the kinds of gapsin
which the smal mammal species werefound. CART analy-
siswas used to select significant classfication variablesand
developabinary decision tree. In thisapplication, we eval-
uated forest community type (xeric, transitional,mesic) and
several gap characteristics (area, number of logs, mean log
score, and number of logs per unit ared) as predictors of the
numbersof gapsin which a species was or was not trapped.
We used cross vaidation to evaluate performanceof each
CART modd (Steinbergand Colla, 1992.) Accordingly, we
used the resultsfrom the CART decision tree to describe
habitat conditionsof thesesmal mammalswith respect to
gapsin forest canopies and causa disturbanceagents.

Reaults

Siteprofiles. Each of the three sitesexamined had a
distinct profileof characterigticsthat describedlive tree
composition (treedensity, basal area, and stand density
index), forest canopy structure (percent canopy density,
number of gaps, and gap area), and coarse woody debris
(log decomposition score, log abundance, and log density)
(Table 111). The xeric and transitional sites were more
open and hed fewer logs than the mesic Ste. The tran-
sitional site was digtinguishedfrom the xeric site by its
greater number of large, live trees, its more numerous gaps,
and its more decomposed logs. The xeric, transitional,and
mesic Sites, repectively, had 17, 36, and 19 gaps. Of these,
11, 36, and 18 gaps, respectively, were associated with one
or moreidentifiable, tree-killingagents (Fig. { 1.1). These
disturbanceagents were: tree cutting, wind, ice/snow,
lightning, fire, mistletoes, bark beetles, root diseases,
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sem cankers, human disturbanceother than tree cutting,
juniper decline, sem fall, soil erosion, regenerationfailure,
livestock grazing, and road building. Gaps were frequently
caused by severa agents. Multiple tree-killingagentswere
observed in 7 (42%) gaps a the xeric site, 12 (33%) gaps at
the transitiond site, and 11 (58%) gaps & the mesic Site.

Each site had a unique profile for the distribution of gap
area, log decomposition score, log number, and log density.
In addition, the typesof agentsassociated with gapsof
distinct character varied accordingto site. At the xeric Site,
for example, very large gaps were caused only by fireand
soil erosion. In addition, tree cutting, fire, and juniper die-
back usudly created gaps with high log densities. Gaps at
the transitional site showed a broad range of vauesfor gap
areaand log decompositionscore. The most common gaps
at the transitional site were caused by tree cutting (with
well decomposed logs present), fire (with a mix of fresh
to well- decomposed logs), mistletoe (large gaps with well
decomposed logs), and bark beetles (with amix of fresh
to well-decomposed|ogs). At the mesic site, gaps were
more uniformwith regard to gap areaand log decomposi-
tion score, but could be distinguished using log number
and dengity. Tree cutting, wind, bark beetles, other human
activities, and road building created gaps with an unusually
high number and density of logs.

Disturbanceagentsand canopy gaps. Different dis-
turbance agents were associated with different ranges of
vauesfor the four variables usad to characterizeindividual
gaps. Some agents were associated with variable vaues that
werefar outsidethe midrange. For example, fire, and soil
erosion were both found in very large gaps at the xeric site,
and wood cutting, fire and juniper dieback caused similar
veluesfor INTENSITY. The transgitiona site showed
generaly wider ranges of valuesfor GAPAREA and LOG-
MEAN, where outliers were associated with bark bestles,
dwarf mistletoes, fire, and tree cutting. At the mesic Site,
tree cutting, wind, bark beetles, and human caused distur-
bances other than tree cutting caused notableoutlier values
for LOGCOUNT, and tree cutting, road building and wind
showed outliersfor INTENSITY . All other agentscaused
variablevaues that occurred within the midrange.

Table11.1. Elevation range, canopy, and coar se woody debrischaracteristicsat three sitesexamined to investigate the

association of forest disturbanceand small mammal digtribution.

Characterigtic Xeric Trangtional Mesic
Elevationrange (m) 2170-2237 2472-2575 2551-2591
Treedensity (livetrees/ha) 60 658 478
Basal area (m%ha) 3 23 3R
Stand density index 8 190 234
Per cent canopy density (mean, SD) 20(29) 5331 76(25)
Number of gaps (gaps/4-ha plot) 17 36 19
Mean gap area (m?) 2351 2983 927
Median log decomposition scoret 2 3 3

L og abundance (logs/gap) 5.9 6.3 12.6
L og density (log¥m?) 0.005 0.003 0.031

Log decompositionscoreis based on a five-classsystem for describingthe stageof deteriorationfrom for anenly killed and fallen tree to 5 for a log whichis
thoroughly decomposed.
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Canaopy gapsand small mammals. Few gapswere
not occupied at one time or another by the studied small
mammal species. Over three yearsdf trapping, at least one
capture was obtained on 68%of the stationsat the xeric
site, 65% at the transitional site, and 82%at the mesic Site.
The number of individual capturesat these stationsvaried
among sitesand years (Table 11.2). More mammalswere
captured at the mesic site than at either of the other two.
Each of the 5 small mammal specieswas captured at least
onceduring all 3yearsat al 3 plotswith thefollowing ex-
ceptions: Mexican voles were not captured at the xeric site,
brush mice were not captured at the mesic site, and long-
tailed voleswere not captured at xeric or transitional Sites.

Deer mice were the most commonly captured species at
the mesic Site. Brush mice were the most commonly cap-
tured speciesat the xeric and transitional sites.

CART analysisfor brush mice showed agap associa
tion pattern that depended on site, gap size, and mean log
decompositionclass(Fig. 11.2). Themode predicted that
brush mice would occur only at xeric and transitional forest
sitesin gapsthat wereeither 1) > 2368 m?, or 2) < 1026 n?
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with LOGMEAN < 1.2. The cross-validationtable showed
thismodel with a misclassification rateof 41%. Twelve out
of 13 gapsthat were> 2368 m? were occupied by brush
mice. Eight of 9 gaps< 1026 m? and with LOGMEAN <
1.2 hed brush mice present. Gaps between 1026 n¥ and
2368 n? in sizeand with LOGMEAN > 1.2 were occupied
in only 2 of 28 cases. Dwarf mistletoesand bark beetles
were the most common causes of gaps> 2368 m?, but
severa other agentsoccasionally caused theseconditions,
includingtree cutting, wind, fire, and human disturbance
other than tree cutting (Fig. 11.1).All disturbancescould
causegaps< 1026 nv, but only dwarf mistletoesand bark
beetleswere most commonly associated with the lower log
decomposition scores(Hg. 11.1). Furthermore, low scores
reflected less decompositionand, by inference, more recent
mortality.

The CART decision treefor Mexican volesspliton 2
nodes based on gap area (Fig. 11.3) with across-validation
table that showed a 24% rate of misclassification. The mod-
¢l predicted that Mexican voleswould occur in gapsthat
were > 2368 n. For example, at the transitional forest plot

Table112. Digtribution of captures(number of different individuals) by mammal spedies study site, an’d calendar year. Trappingwasconducted at 121

stationsper siteover 8 consecutive nightsduring July and August.

Xeric Transistional Mesic

Species 1992 1993 1994 Total 1992 1993 194 Total 1992 1993 1994 Total

Deer mouse 15 4 10 29 17 19 21 57 34 20 38 92

Brush mouse 57 24 22 103 32 6 7 45 0 0 0 0

Mexican woodrat 11 1 0 12 8 10 4 22 7 3 0 10

Long-tailedvole 0 0 0 0 0 0 0 0 55 23 2 80

Mexican vole 0 0 0 0 12 0 0 12 10 0 0 10

Tota 83 29 32 144 69 35 32 126 106 46 40 192

Figure112 CART classification
tree using SITE, GAPAREA,
LOGMEAN, LOGCOUNT and
INTENSITY aspredictor variables
and presenceor absenceof brush
mice trapped withingaps (all
plotsand yearscombined) as
dependent variables LOGCOUNT
=total number of logs within each
gap. LOGMEAN = averagelog
decompositionscore. INTENSITY
wascalculated as LOGCOUNT/
GAPAREA.
Absent = 1 Absent = 7
Present « 8 Present = 3

-109-



LUNDQuIST AND HAMELIN

Yes

Mexican volesoccurredin 6 of the 7 large gaps. Many of
theselarger gaps wereclustersof smaller gaps. Variouskill-
ing agents caused gaps that were suitableto Mexicanvoles.
Over dl plots, dwarf mistletoesand bark beetleswerethe
most common causesof gapswithin the size rangeof gaps
used by Mexican voles. Severa other agentsoccasiondly
caused these conditions, including tree cutting, wind, fire,
and human disturbanceother than tree cutting (Fig. 11.1).

The CART procedurefailed to createdecision treesfor
deer mice, Mexican woodrats, and long-tailed voles, sug-
gesting that habitat choices by these specieswere made on
the basisof criteriaother than those measured.

Discusson

Compositionand intensity of disturbanceagentsare
expressed by the spatia extent and patterns of canopy gaps,
and composition of coarse woody debrisand patterns of re-
colonizing vegetation within those gaps. Bradshaw (1992)
statesthat gaps” " acquire their character from the magni-
tudeand nature of variousedgeeffects' In contrast, Coates
and Burton (1997) emphasi zethe importance of gap size
and position. Our resultsindicate that somesmall mamma
speciesar e influenced by gap characteristicsand some
arenot. For thosethat are, gap size can be amgjor factor
determining their distribution. For other small mammals,
multiplecharacteristicsassociated with gapsand edgesare
likely important.

Thesizeof any forest gap isdetermined by acomplex
interactionof different agents; the detailsof thisinteraction
may be useful in explaininganimal behavior (Bradshaw,
1992). In our sudy, the spatia distributionof largeforest
gaps was commonly caused by bark beetles, dwarf mistle-
toes, and fire. Treecutting, wind, human disturbance other
than tree cutting, and soil erosion sometimes creeted large
gaps, but infrequently and hence, less predictably.

The Mexican vole was captured only within thelargest
gapsof thestudied forest types. Thisspeciesalso a-
tained high densitiesin open meadows of the Sacramento
Mountains(Ward, 2001). In contrast, the long-tailed vole
occupied dl but the smallest gapsthat could be created by
nearly any of the disturbanceagents.

In addition to gap size, the character of woody debrisin
those gaps may influence small mammd distribution(Ma-

Figure 113. CART clasvsification trecusing SITE, GAPAREA,
LOGMEAN, LOGCOUNT and INTENSITY as predictor
variablesand presenceor absence of the Mexican voleasthe
dependent response. LOGCOUNT = total number of logs
within each gap. LOGMEAN = aver age |og decomposition
score. INTENSITY wascalculated as LOGCOUNT/
GAPAREA

seretd., 1979). Our analysisof brush mousedistribution
suggeststhat gap size, log abundance, and log condition
may have affected the mouse's foraging patternsand travel.
Likegap size, the conditionof logs found within agap
also dependson type of agent responsiblefor tree mortal-
ity. For example, road building and human disturbances
other than tree cutting leave unique signatures. They act
over avey limited period of timeand are associated with
the selective remova of certain parts of the stem. Because
they leave arestricted rangeof debriscompared to other
agents, they createadisturbancepulsethat isreflected in
thelimited rangeof variability in decompositionclasses.
Bark beetlessimilarly kill groupsof treesover ashort time,
leaving snagsthat eventually becomelogs. Root diseases
and dwarf mistletoes, on the other hand, usudly act more
dowly, but continuoudy, accumulatingdead logs with time.
Thedisturbanceagents undoubtedly impact small mam-
malsdifferently because of different dynamicsassociated
with coarse woody debris, and variability in small mamma
requirements.

Based on the observations described above, we hypoth-
esizethat 1) dwarf mistletoe, bark beetles, and to alesser
extent, wildfire influencethe presence, abundance, and dis-
tribution of Mexican volesand brush mice more than other
small-scalekilling agentsin the Sacramento M ountai nsof
New Mexico, and 2) dl killing agentsequally influencethe
presence, abundance, and distributionsof deer mice, Mexi-
can woodrats, and long-tailed voles.

Canopy structureis among the most easily measured and
manipulated featuresof the forest. Assuming a connection
can be shown between canopy structureand the distribution
of small mammals, then canopy structure might be a basis
for prescriptivesilvicultureaimed at creating or maintain-
ing foraging habitat for predatorssuch asthe Mexican
spotted owl, or small carnivores. For example, recent exper-
iments by van Pelt and Franklin (1999) that created 0.2-ha
gapsin late sera douglas-fir forestsincreased production
of undergtory trees. Experimentslike theseare needed with
the addition of monitoringwildlife responses.

Management Implications. Mogt disturbancesare not
devastating epidemics or vagt conflagrations that destroy
everythingin their path. Most disturbancesar e modest tree
killing events, which selectively impact variousecological
and economic elementsof theforest. Relatively littleis
known about the impactsof small-scaledisturbances, yet
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these are major drivers of the patterns and processes neces-
sary for healthy, sustainable forest ecosystems.

Forests are managed for a wide variety of objectives.
Because of the traditional emphasison timber production,
silvicultural prescriptionsare usually written at the stand
scale. Stand-based prescriptionsgivelimited guidancefor
making decisions at the sub-stand scal e because they usu-
aly do not reflect the within-stand spatial heterogeneity
of canopy structure, coarse woody debris, recolonizing
vegetation, and regeneration that can impact wildlife
habitat and other non- timber resources. Coates and Burton
(1997) argue that the traditional stand-based systems “...
are too narrowly focused to meet ecosystem management
objectives"”, and propose a canopy gap- based silvicultural
system. They suggest that by manipulating the popula-
tion of canopy gaps, stand level heterogeneity could be
deliberately and more appropriately changed to meet a
wide range of timber and non-timber resource objectives.
We propose that, under some circumstances, silviculturists
may even need to mimic canopy gaps created by specific
disturbance agents. Because silvicultural manipulations can
create, replace, or influence many of the characteristics of
disturbances caused by insects, pathogens, or other factors,
they can be a valuable tool for establishing and maintaining
conditions suitable for non-timber resources.

The study we describe hereis based on relatively few
datacollected over alimited geographic range. Nonethe-
less, the results suggest that disturbancesdiffer in their
relative importance in creating small mammal habitat. The
literature describing the effects of canopy gaps on various
animals isextensive, but studieslinking these effectsto
specific disturbances arerare (Holah et al. 1997). Most of
these studiestreat disturbance as a generic event and do not
distinguish among specific causes. Small-scal edisturbances
create canopy gaps that influence the presence, abundance,
and distribution of some small mammals, but our case
study described here suggests that not all disturbance
agents create conditions suitable for all species. Managing
forest resourcesisan increasingly complex business. If
disturbances are necessary to sustain forest ecosystems,
then managers need to know why. Managers may need to
know more about these associations, and how they can be
measured and monitored.

Acknowledgements

B.W. Geils provided many useful comments on earlier
draftsof this paper and helped organize and conduct field
work. A. Carey and W. Block provided useful commentson
an earlier draft of this paper. A. Abate, A. Becht, J. Brown,
R. Clemens, K. Cohen, W. Goodfriend, L. Hieterer, K.
Johnson, S. Karki, C. King, S. Kyle, B. Lubow, M. Peters-
burg, D. Spaeth, D. Wagner, T. Yocum, and G. Zimmerman

helped sample small mammal populations. W. Block helped

-111-

INTEGRATING SCALES OF FOREST PATHOLOGY

secure funding for this study. We are very grateful toall
thesefolks.

References

Bennets, RE.,, G.C. White, FG. Hawksworth, and SE. Severs.
1996. Theinfluenceof dwarf mistletoeon bird communities
in Colorado ponderosa pineforests. Ecol. Applications6:899-
909.

Bradshaw, FJ 1992. Quantifyingedge effect and patch sizefor
multiple-use silviculture - adiscussion paper. Forest Ecology
and Management 48: 249-264.

Breiman, L, JH. Friedman, RA. Olshen, and C.J. Stone. 1984.
Classification and regression trees. Pacific Grove: Wadsworth.

Caey, AB., J. Kashner, B. Biswell,and L. Dominguez de
Toledo. 1999. Ecologica scae and forest development:
squirrels, dietary fungi, and vascular plantsin managed and
unmanaged forests. Wildlife Monographs 142: 1-71.

Coates, K.D., and PJ Burton. 1997. A gap-based gpproach for
development of silvicultural systems to address ecosystem
management objectives. Forest Ecology and Management
99:337-354.

Dick-Peddie, W. A. 1993. New Mexico vegetation, past, present,
and future. University of New Mexico Press, Albuquerque,
Newv Mexico. 244 pp.

Eastman, JR. 1992. IDRISI, technicd reference. Verson 4.
Clark University, Graduate School of Geography. Worcester,
Massachusetts, USA .

Fahey, T.J 1983. Nutrient dynamicsd above-ground detritusin
lodgepolepine (Pinus contortasop. Latifolia) ecosystems,
SoutheasternWyoming. Ecologicad Monographs53: 51-72.

Finley, R. B., J. 1990. Woodrat ecology and behavior and
the interpretationof Palwmiddens.Pages 28-41In: J. L.
Betancourt, T. R. van Devender, AND P S.

Gells, BW., JE. Lundquig, J.F. Negron, and J.S. Besty. 1995.
Digturbance regimes and their relationshipsto forest health.
In: L.G. ESKEW, compiler, Hedth through Silviculture.
Proceadings of the 1995 Nationa Silviculture Workshop,
May 8-11, 1995, Mescaero, NM. Generd Technica Report
RM-GTP-267.Fort Collins: UDA Forest Service. Rocky
Mountain Forest and Range Experiment Station. Pp. 67-72.

Goodwin, JG. J., and CR. Hungerford. 1979. Rodent population
densitiesand food habitatsin Arizona ponderosapineforests.
USDA Forest Service Research Paper RM-214. 12pp.

Hart, JH. 1993. Interactionsdf diseases and insects with
wildlifein forest ecosystems. In: Society of American
Foresters. Foresters Together: meeting tomorrow's challenges,
Proceadings of the 1993 Society of American Foresters
Nationd Convention, Indianapalis, IN, November 7-10. Pp
107-112.

Hayes J. P, AND S. P, Cross. 1987. Characteriticsof logs usd
by western red-backed voles, Clethrionomys californicus, and
deer mice, Peromyscus maniculatus. Canadian Field-Naturdist
101:543-546.

Holah, JC., MV. Wilson, and EM. Hangen. 1997. Impactsd
native root-rotting pathogen on successiona devel opment of
old-growth Douglasfir forests. Oecologiall1: 429- 433.

Kaufmann, M.R., L.S. Huckaby, C.M. Regan, and J. Popp. 1998.
Forest referenceconditionsfor ecosystem management in the
Sacramento Mountains, New Mexico. UDA Forest Service
Genera Technicd Report RMRS-GTR-19.87 pp.

Lundquigt, JE. 1995. Pest interactionsand canopy gaps in
ponderosapinein the Black Hills, South Dakota Forest
Ecology and Management 74:37-48.

Mase, C., RG. Anderson, K. Cromack, ., JT. Williams, and
RE. Martin. 1979. Dead and down woody materid. In:



LUNDQUIST AND HAMELIN

Wildlife habitatsin managedforestsof the Blue Mountainsof

Oregon and Washington, USDA Handbook No. 553. pp 78-95.

Norrie, M.B. and JS. Millar. 1990. Food resourcesand
reproductionin four microtinerodents. Canadian Journal of
Zoology 68:641-650.

Ramotnik, C. A. 1997. Conservation assessment of the
Sacramento Mountain salamander. USDA Forest Service
Genera Technical Report RM-293.

Raphael, M.G., and M. White. 1984. Use of snags by cavity-
nesting birdsin the Sierra Nevada. Wildlife Monographs
86: 1-66.

Runkle, JR. 1992. Guidelines and sample protocol for sampling
forest gaps. Gen. Tech. Rep. PNW-GTP-283. Portland: USDA
Forest Service, Pacific Northwest Research Station. 44p.

Shaw, C.G. 111, FG. Hawksworth, D. Bennett, B Sanchez-
Martinez, and B.M. Tkacz. 1993. Diseasesand insectsof
pineand their implicationsfor sustainability in forests of
the southwestern United States and northern Mexico. In:
Hugo Manzanilla and others (Tech. Coordinators). Making
sustainability operational: fourth Mexico/U.S. symposium,
April 19-23,1993, Santa Fe, NM. USDA Forest Service
Genera Technical Report RM-240.

Smith, W.H. 1984. Ecosystem pathology: a new perspectivefor
phytopathology. Forest Ecology and Management 9: 193-219.

Steinberg, D. and P. Colla. 1992. CART: A supplementary model
for SYSTAT. Evanston, IL: SYSTAT Inc. 292 p.

Swetnam, TW. and C.H. Baisan. 1994. Historical fireregime
patternsin the southwestern United States since AD 1700. In:
C.D. Allen, ed., Proc. Of the2nd LaMesaFire Sym., March
29, 1994. Los Alamos, NM.

Thomas, JW., RG. Anderson, C. Maser, and E.L. Bull. 1979.
Snags. In: Wildlife habitatsin managedforests of the Blue
Mountainsof Oregon and Washington. USDA Handbook No.
553. Pp. 60-77.

Tkacz, B, J. Wilson, M. Fairweather, D. Bennett, T. Rogers, D.
Conklin, and M. Schultz. 1994. Insects and disease: indicators
of forest health. A forest health briefing paper. USDA Forest
Service Pest Management Report R3-95-02. 29 p.

Van Pelt, R. and J.F. Franklin. 1999. Responseof understory
treesto experimental gapsin old-growth Douglas-firforests.
Ecological Applications9:504-512.

Ward, JP. Jc, and WM. Block. 1995. Chapter 5. Mexican spotted
owl prey ecology. 4.1-42. In: USDI Fish and Wildlife
Service. 1995. Recovery plan for the Mexican spotted owl, Val.
11. Albuguerque, New Mexico.

Ward, JP. Jr. 2001. Ecological responsesto Mexican spotted owl
to environmental variation in the Sacramento Mountains, New
Mexico. Ph.D. Dissertation. Colorado State University, Fort
Collins, CO. 423 pp.

Wilkinson, L., M. Hill, S. Miceli, G. Birkenbeuel, and E. Vang.
1992. SYSTAT for Windows. Graphics, Verson 5 Edition.
Evanston, IL: SYSTAT, Inc., 636 pp.

-112-



