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Abstract
Over the last decade, interest has grown in expgrttlie sources of energy produced in
Minnesota, including burning wood alongside or liace of fossil fuels in commercial
power plants. One possible source of this wodHrsugh the harvest of residual
material (hereafter “woody biomass harvest”) lefhimd following traditional timber
harvest. Although voluntary site-level harvestdglines endorsed by the State initially
called for the retention of residual material ie tbrest, the rules were modified in 2007
to allow for such harvest. It remained uncleasvéeer, what, if any, ecological impacts
woody biomass harvest could have in the region.

| examined the immediate impacts of woody biomassédst on small mammals
and vegetation in 3 aspelRdpulusspp) forests in northeast Minnesota. The studg use
of a “Before-After, Control-Impact” (BACI) desigmith baseline surveys prior to
treatment, follow up surveys after treatment, apaised control that was not treated. |
had two treatment categories: clearcut with slaftrl situ (hereafter “slash-retention”),
and clearcut with whole tree skidding and no regtaent of residue (slash-removal).
Each research site received a full complement oftteatments plus a control, giving me
three replicates at each site.

Prior to harvest, the stands contained an averagse woody debris (CWD)
density of 465 cAim? (SE=49 cryfm?). After harvest, the density of CWD increased in
the slash-retention plots by an average of 42Zmfmwhile slash-removal plots lost on
average 29 cffm?. Prior to harvest there were no statisticallyigant differences in
CWD density between treatments, but after loggilgOCwas higher in the retention
than in the control plots, and higher in the cdnptots than in the removal plots.. In
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addition to gross changes in CWD area, the natutleecCWD in the harvested plots also
shifted from initial conditions, with slash-retemti plots gaining a disproportionate share
of wood in less decayed conditions, while the skashoval treatments shifted to a CWD
base dominated by more decayed wood.

Overall shrub stem counts increased similarly ithbb@rvest treatments though
more so in the slash-removal plots. Hagrfylus cornutastem counts increased by
more than 3 stems/nin the slash-retention treatment, but stem cowetg steady in the
slash-removal treatment. Both treatments showoagt similar regeneration of aspen
stems after harvest (3-5 stem$/m

Both harvest types exhibited a decline in nativé &pecies cover and an increase
in bare ground, cover of non-native plants, ancec@f graminoids compared to pre-
existing conditions and associated control star@€isanges in native forb cover, non-
native forb cover, and bare ground were great#drarslash-removal compared to the
slash-retention treatment, but there was not &statly significant difference between
the plots for the increase in graminoid cover. iaspecies richness of survey plots 2
years post-harvest was not different from pre-hgtrvalues for either treatment.

In just over 29,000 trap nights | recorded 4,83&uwaees of 1,794 individual
animals. | captured 15 mammal, 6 amphibian, asdake species. Overall amphibian
captures were low, but trended downward post-hamdseatment plots. Population
estimates of deer and white-footed miBerfomyscuspp) were little affected by
treatment type or harvest status, while red-baskdes Myodes gappeyishowed a
positive response to harvest. Shre#sréx sinereuandBlarina brevicaudaand
chipmunks Tamias striatusresponded negatively to harvest of both typdse T
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abundance of the communities overall (all individuz all species lumped) were
generally higher after treatment on the harvestgitan either before conditions or the
adjacent controls, with slash-retention plots smgvglightly greater gains than slash-
removal plots.

In conclusion, although many metrics respondedIaityito either harvest type, in all
cases where there were differences between theéatnents, the slash-removal
treatment yielded a less favorable outcome forlfalénd a further shift from pre-
treatment conditions than did the slash-retentieatinent. This is especially true for the
loss of native species cover, the increase in (wamend and non-native species cover, the
loss of CWD, and the lower levels Gf cornuta Although overall small mammal
population sizes increased across both harvess typereases were slightly greater for
slash-retention treatments. Overall the resulte de not warrant an avoidance of woody
biomass harvest, but do argue for some cautiorfudanonitoring, and thoughtful siting.

Future work should revisit these stands to asseggel term impacts.
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Chapter 1

Introduction and Background

There is a fundamental tension between resourcaatxin and conservation. Central to
finding a balance between economic returns frorawee extraction and ecosystem
integrity is careful study of the impacts of tharran use activity on the system (see
Kemball et al. 2005; Nguyen-Xuan et al. 2000; Kakudnd Macdonald 2007; Reich et
al. 2001 for some examples). As our extractiveigtdes evolve, so too must our
research and policies. Over the last decade &adf ¢he timber industry in Minnesota
has seen a growth in interest to use forests fgptasnsources of wood fiber for paper
and lumber, but also as potential energy sourtkesler this new paradigm wood that
traditionally had little economic value and whichstypically left in the forest—such as
tree limbs, tree tops and dead wood—will be haedegir use as an energy source. This
additional harvest will be referred to below as twlg biomass harvest.”

Research shows the boreal forests of North Ameinciyding those in
Minnesota, evolved under a frequent disturbancemegmost importantly fire but also
disturbance from wind and insect outbreaks (De Guemand Bergeron 1997;
Heinselman 1973; Haeussler et al. 2002; Kemball.2005; Nguyen-Xuan et al. 2000;
Peltzer et al. 2000; Reich et al.2001). Theseesystare resilient (Holling 1973,
Gunderson 2000), absorbing considerable disturbamcesturning to a relatively small
suite of stable conditions. In this way an asmeedt may burn, but return to aspen forest

type in the natural cycle of succession. Shiftsveen stable systems (aspen dominant



versus maple or spruce/pine dominant forests) agsudt of lack of disturbance over
periods of time long enough to allow for such sesan.

Timber harvest is assumed to mimic fire in its ictegKurulok and Macdonald
2007; Reich et al. 2001). This assumed mimicry matyhold as logging techniques and
products shift. Indeed it is possible that thelimxe of the system and its constituent
members may be affected by the shift in disturbaaderest harvested in this manner
may not return to the original state as rapidly aray lose some constituent members
whose own resilience may be affected. This diaert investigates how timber harvest
with woody biomass harvest differs in its immediat®logical impacts in comparison to
methods which leave this material behind.

Several studies have compared the impacts of gmagemic and various natural
forms of disturbance (Kurulok and Macdonald 200&1iZer et al. 2000; Reich et
al.2001). These studies show that the severithetlisturbance may play a stronger role
in shifting vegetative communities than the spedibrm of disturbance itself
(MacDonald 2007; Nguyen-Xuan et al. 2000; Pidgeh Miallik 2013). Severity of soil
disturbance plays an especially important roleuidigg the post-disturbance understory
plant community (Haeussler and Kabzems 2005; Ngu§tean et al. 2000).

Using knowledge gained from this type of reseafotesters and land managers
have developed guidelines for how forest harvestilshbe done to minimize undesired
impacts and maintain ecological integrity (Aust &lithn 2004; Benjamin 2009; Blinn
and Kilgore 2001; DeGraaf 2006; Good Forestry ef@ranite State Steering Committee

and BennetR010; Herrick et al. 2009; Lakel et al. 2006; Bbsl and Blinn 2007). In



Minnesota the “Voluntary Site-Level Forest Managahtguidelines for Landowners,
Loggers and Resource Managers” (hereafter “Guidsljnwere developed by the
Minnesota Forest Resources Council (MFRC) and figlsiased in 1998
(http://mn.gov/frc/). The guidelines were reviseadl re-released in 2005. The Guidelines
suggest numerous practices to minimize lastingoggodl impacts, including
recommendations on road building, pesticide use/gsh methods, and reforestation.
The original versions of the Guidelines did notdtty address woody biomass harvest,
but instead recommended that logging slash betrduited across the harvest area
(MFRC 2005). In 2007 the Guidelines were revisethtlude best management
practices from woody biomass harvest.

Forestry is important to the economy of many raraks in the boreal and sub-
boreal landscapes of North America, including nemthMinnesota. Direct logging jobs
total around 3,200, with direct, indirect and indde@conomic impacts of forestry and
logging adding $1.1 billion to the State (Deckandl &kurla 2011). Further processing
of the raw material into paper pulp, lumber, oidired wood products brings the total to
$17.1 billion and 86,775 jobs (Deckard and SkuflaD).

Minnesota’s forestry sector has declined in regeats, in part from the national
recession and imports (Deckard and Skrula 201#&yespaper pulp plants have closed
in the last 5 years (D. Chura, personal commuraoti Overall commercial harvest in
the state has fallen from a high of 3.7 milliondsom 2005 (Deckard and Skurla2011) to
2.9 million cords in 2012 (http://www.dnr.state.ms/fag/mnfacts/forests.html). Land

managers, foresters, and loggers are looking fgswastabilize or grow the sector. One



possible avenue for growth is to harvest woody laissrfor energy production either
through direct use of the heat or as fuel to palectrical generators (Arnosti, et al.
2008; Becker et al. 2011a; Becker et al. 2011bkBetand Skrula 2011; Dirkswager et
al. 2011; Evans et al. 2010; Janowiak and Web$§ted;2Klockow et al. 2013; Minnesota
Department of Natural Resources 2012; Minnesotadtdtesources Council 2007). By
2010, harvest for wood energy constituted 10% efttital timber harvest in the state
(Deckard and Skurla 2011; Minnesota Departmentaifibil Resources 2012). Further,
Minnesota law requires 12% percent of electriaitgdme from renewable sources in
2013, a figure which increases to 25% by 2025 (Mswta Office of Energy Security
2011; Minnesota Stature 216B.1691). While wind mibvide much of the renewable
energy supply, woody biomass is an alternative,Mimhesota law calls for the State’s
agricultural, forestry, and working lands to pravi2% of the energy consumed in the
state (Minnesota Statute 41A.11). Consequentipnilsota is now home to 6 large
plants ( > 200,000 tons wood used/year) capabpeanfucing heat or electricity from
waste wood, including logging slash (Dirkswager@0dnd another 30 smaller plants
(Anna Dirskwager, personal communication).

Wood for biomass energy production can be of loguelity than wood for
timber harvest (Evans et al. 2010). Biomass hafee€nergy production can include
non-merchantable small trees, brush, dedicateds@ogh as hybrid poplar or other
plantation trees, logging residue, and residue fuolban forests. Logging residue—
referred to in this paper as slash—has the potdntiaake up a large portion of total

woody biomass demand. The residue is createdggraduct of forest harvest, and can



include stumps, limbs, and the tops of trees (Eard. 2010). In addition to harvesting
this by-product, existing snags and coarse woodyisi¢CWD) may also be removed
(Evans et al. 2010).

CWD is not simply an economic resource, howeveheter through fire,
windfall, disease, or logging, trees die, and beeamags, stumps, and ground floor
CWD. These features are an important componeifures$ts (see Evans et al. 2010;
Feauteux et al. 2012; Franklin et al. 1987; Harmbal. 1986; Janowiak and Webster
2010; Jonsel 2008; Maser et al 1979; Maser andpErdp84; Siitonen 2001; and Stewart
et al. 2010 for excellent reviews). Coarse woodlris plays a vital role in forests in
nutrient cycling (Harmon et al. 1986; Stewart e8l10) and in moisture retention as
decaying wood can retain water more efficientlyntkail (Fraver et al. 2002; Maser and
Trappe 1984). Coarse woody debris also providbgdidor fungi (Boddy 2001; Maser
and Trappe 1984, Siitonen 2001), lichens (Astroml.2005), mosses (Astrom et al.
2005; Siitonen 2001), insects (particularly sapliminsects, Per and Ostlund 2009;
Siitonen 2001), amphibians (Bull 2002; Butts andddmb 2000; Maguire 2003;
Thompson et al. 2003), birds (Bull 2002), and maisrBowman et al. 2000; Bull 2002;
Butts and McComb 2000; Carey and Harrington 20@keEet al. 2001; Fauteux et al.
2012; Fisher and Wilkinson 2005; Johnston and Amy2008; Keinath and Hayward
2003; Loeb 1999; McCay and Komoroski 2004; Mag@ine2; Moses and Boutin 2001;
Riffel et al 2011; and Thompson et al. 2003), asding sites, cover, substrate, moisture

refugia, or food.



In recognition of the importance of CWD to the egpl of forests, the original
Guidelines specifically called for logging slashom scattered evenly across the
harvested area (Minnesota Forest Resources CoQ@6k). As discussed above,
silvicultural practices that impact the forest flpand especially the soil, can have a large
effect on the plant community and the ecology oé$ts. Harvest of existing CWD and
the collection of created slash may impact thedioseil.

Because of its potential importance in forest egpldt is important that scientists
analyze the impacts of harvesting CWD, includinfg&s on native vegetation, the
overall plant community, invasive species, and ohabitat structure, relative to the
impact of standard logging, which typically creageffush of new CWD as tops,
branches, and non-marketable trees are left befihas dissertation compares the
impacts of harvesting with slash-retention—as satggkin the original Guidelines—and
harvest with full slash-removal. As discussed &hde scale of impact on the plant
community is a function of the severity of the ditiance. The extra mechanization
involved in removing logging slash as well as tbmoval of CWD itself both may
contribute to the severity of disturbance. At theecof this study is the question of
whether clearcutting with slash and CWD removediftbe site affects the post-harvest
plant and small mammal community differently théaccutting with slash and CWD
retained on site. Only longer term or retrospecstudies will answer the underlying
concerns of resiliené¢ythough we may see here the beginnings of trérigsvest with
biomass removal diverges from timber harvest withmass retention. If the removal of

woody biomass impacts the ability of the systeralisorb the disturbance we may see a

! Used here to mean “ecological resiliency”, as@enderson 2000.

6



shift to an alternate state, or alternate forgse typossibly one which hosts a different
suite of species as some who were previously siziesidy the CWD are lost.

Although the scope of possible impacts is widecused on how the two
contrasting harvests—clearcutting with slash-rédenand clearcutting with slash-
removal—differ in their impacts on small mammatsgekt vegetation, shrubs, and aspen
regeneration. The following paragraphs describethgses about potential impacts that

this dissertation will test.

Small mammals.Fmber harvest that leaves existing CWD and addsernmothe form of
slash creates a structurally complex forest flookel a more complex one than existed
before the harvesting. Logging that removes theeged slash and existing CWD will
result in a less structurally complex forest flo&tructural complexity of the forest floor
may allow for more habitat partitioning by the shmammal community, leading to
higher species richness and diversity. The CWD atsy provide for a larger overall
community abundance (sum of population estimatealfepecies) by increasing food
availability through increased abundance of sagroxysects and fungi, both of which

are eaten by a variety of small mammal species éMetsal. 1979; Rhodes 1986).

Hypothesis 1 Harvest following either of the two treatment praits will increase
overall small mammal community abundance, but Ialwvercommunity diversity of the

slash-removal plots relative to pre-harvest andtoalrplots.



Hypothesi®: Total small mammal abundance and diversity pastest will be higher in

the slash-retention than the slash-removal tredtmen

Herbaceous Vegetation Afthough few vascular plants are obligate CWD userany
species utilize CWD, and some non-vascular plamt&@own to depend more strongly
on this resource (Astrom et al. 2005; Harmon e1@86; Siitonen 2001). Removal of
logging slash and existing CWD will also removenarse of shade, nutrients, water
retention, and rooting substrate. Extra mechamiffalt needed to remove the CWD and

slash may also damage plants or the soil.

Hypothesis 3Removal of logging slash and CWD will lead teead diverse plant

community and decline of more sensitive species.

Hypothesis 4Removal of logging slash and CWD will open thee&i to more invasion

by non-native species.

Woody shrubs.Minnesota is home to 247 native shrub and treeisgieand now hosts
26 non-native shrubs and trees (MNTaxa 2013). [&hane an important part of the
ecosystem, providing food and habitat for small mmeats and birds, stabilizing soil,
shading the forest floor, and providing cover fngler animals. Shrubs are also
considered a competitor with tree regeneration (@&linet al. 2007) and some

silviculture methods are intended to remove orhiitihe growth of shrubs. Whole-tree

2 Total includes recognized varieties/cultivarshe same species
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skidding, a likely method for woody biomass haneast the method employed here, is
one such technique. The soil scarification anddéfléoerate and incidental uprooting and
tearing of shrubs through the dragging of wholedreould negatively affect shade

tolerant shrubs, or may benefit less shade tolesfamibs.

Hypothesis 5Whole tree skidding will inhibit regeneration lnéaked hazelJorylus

cornuta.

Hypothesis 6There will be a noticeable drop in stem densityshrubs commonly found

in the interior forest in the slash-removal but tia slash-retention plots.

Hypothesis 7Rubusspp. stem density will increase under both hartreastments, but by

a greater degree on the slash-removal treatment.

Aspen regeneration.Quacking asperPopulus trembloidgss the most predominant
forest type and most harvested tree species in &dwia (Miles and VanderSchaf 2012;
MN DNR 2013; Palik et al. 2003). A related specishalsamifergknown colloquially
by a variety of names including balsam poplar, pepgnd Balm-of-Gilead) is also
extensively harvested in the state (MN DNR 201&png with Largetooth aspei(
grandidentatd the genus represents about 50% of the volummdbe state (MN DNR
2013) and about 18% of the total live volume oésren forest land (Miles and

VanderSchaf 2012). Each of the harvests on whadntucted research was wholly or



partially intended to maximize regeneratiorPaipulusspecieqeitherP. trembloider

P. balsamifera Other goals included preservation/enhancemiemrgidooak Quercus

rubra, Carlton site) and paper birch regeneratidet(la papyrifra St. Louis site). One
concern of foresters and loggers is a fear thaingaslash on the site would inhibit aspen
regeneration. A corollary to this fear is belie&t removal of the slash and the increased

scarification of whole-tree skidding would improagpen growth.

Hypothesis 8Retention of coarse woody debris will lead to éowlensities of aspen

suckers relative to the removal treatment.

To investigate these hypotheses | selected 4 fetastls in northeastern Minnesota with
existing harvest prescriptions that could be amdnd®&orking with the person in charge

of timber harvest management for each®site created a harvest management scheme to
test the impact of harvesting slash and CWD orouaraspects of the forest ecosystem.
We divided each harvest site into 3 roughly eqaalsy 1/3 of each site designated to be
clearcut with slash retained on site and no hamwiedbwned coarse woody debris

(CWD) or snags (retention treatment); 1/3 to baret with whole-tree skidding, no
dispersal of slash, and intentional harvest of sraagl CWD (“removal treatment”); and

1/3 to remain uncut to serve as an unharvestedatorithe project design was a Before-
After, Control-Impact (BACI) study (Stewart-Oatetnag 1986), with surveys both

before and after site treatment. Since | was baggwith uncut (secondary growth)

®For the 2 Cloquet Forestry Center locations this ®Ran Severs (Director of Operations). For Carlton
County this was Milo Rasmussen (Land Commissioaed) Richard Rollefson (Forester). For St. Louis
County this was Jim Larson (Forester).
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forests | was able to survey both before and aftevest, and track any changes rather
than simply inferring changes from differences astpharvest comparisons. Paired,
unharvested controls on each site allowed me tm“aat” factors other than harvest that
could have affected the forest, including weatbeease, or shifts in herbivory or
predation. Without these controls, background gkardue to these factors could have

been mistakenly attributed to the harvest.

Sites.—conducted this experiment from May-November i202006, 2007, and 2008
on 4 sites in northern Minnesota (Figure 1.1). Bites were at the University of
Minnesota’s Cloquet Forestry Center (“CFC1” and G3F in text; N 46°42 17.4 m; W
92° 31 26.5). One site was on county forest lan@arlton County (“Carlton” N 46°33
01.4 m; W 92° 45 46.1). A'site was selected in St. Louis County (“St. LouNs46°49
03.8 m; W 92° 46 47.9), was surveyed for 2 yeagsh@arvest in the same manner as the
other 3 sites, but was dropped from the projectnthe logging lease holder
relinquished the sale and the site was not hardesteme for follow-up surveys. Work
began on the 2 CFC sites in 2005, and expanded0é © the St. Louis and Carlton
sites. Site and treatment sizes were not starmtdiSites ranged from 5.5 hectares to
over 40 hectares (Figure 1.3).

| was given a short list of possible researctsdiggeach land manager, and
selected the sites which were the most similarsscadl 3 landowners. | was limited,
however, by the suite that was available to me.il&\#il 4 sites were predominantly

aspen cover types, and aspen regeneration wasvikaltire goal of each stand, there
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were ecological differences between the sitesndJdie Minnesota DNR’s Native Plant
Community Classification System (NPC) (MN DNR 2008)ould classify CFC1 as

FDn43, CFC3 as FDn33, and Carlton and St. LoulMdr35 or 45.

Associated research.lr-addition to testing the impacts of harvestirasbland CWD, |
also addressed two additional questions. Fitssted a novel marking technique in a
small mammal mark and recapture study. Secomunpared the performance of 3
commercial small mammal traps. These two reseayoiponents are included in this
dissertation (Chapters 6 and 7). All four reseaitds including the one in St. Louis

County were used in these two studies.

Overview of thesis.4r Chapter 2 | outline the harvest methods emplayatifate of the
CWD in each of the sites and treatments. Pridratwest, the stands contained an
average CWD load of 465 éfm?* (SE=49 crifm?). After harvest, the amount of CWD
increased in the slash-retention plots by an aeetfg22 criym?, while slash-removal
plots lost on average 29 ém?. Prior to harvest there were no statisticallyngigant
differences in CWD load between treatments, berafigging all pairings of treatments
were different from each other by a statisticaigngficant amount, with retention >
control > removal. In addition to gross change€WD area, the nature of the CWD in
the harvested plots also shifted from initial caoiois, with slash-retention plots gaining
a disproportionate share of wood in less decayeditions, while the slash-removal

treatments shifted to a CWD base dominated by mecayed wood.
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Chapter 3 explores the response of shrubs and asgeneration to the harvest. Overall
shrub stem counts increased similarly in both h&trireatments though more so in the
slash-removal plots. HazeT¢@rylus cornutalstem counts increased statistically
significantly in the slash-retention treatment, bat the slash-removal treatment. Both

treatments show a strong, similar regeneratiorspéa stems after harvest.

In Chapter 4 | address the response of herbacemgesihar plants to harvest. Both
harvest types exhibited a decline in native forbcsgs cover and an increase in bare
ground, cover of invasive plants, and cover of gnaas compared to pre-existing
conditions and associated control stands. Changeative forb cover, invasive forb
cover, and bare ground were significantly greetehe slash-removal compared to the
slash-retention treatment, but there was not &stailly significant difference between
the plots for the increase in graminoid cover. ilaspecies richness of survey plots 2
years post-harvest was not significantly differean pre-harvest values for either

treatment.

Chapter 5 deals with the effects of the harveghersmall mammal community. | live
trapped small mammals before and after harvesgussombination of box and pitfall
traps. In just over 29,000 trap nights | record@88 captures of 1,794 individual

animals. | captured 15 mammal, 6 amphibian, asdake species. Of the 15 mammals,
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only 5 Peromyscuspg, Myodes gapperi, Sorex cinereus, Blarina breviegaahd

Tamias striatusvere captured frequently enough for statisticallgsis. Of these only

the mice and red-backed voles had large enough ensnfidlr analysis with Mark-
Recapture techniques. Overall amphibian captuezs Wow, but trended downward
post-harvest in treatment plots. Population esgsmafPeromyscuspp were little
affected by treatment type or harvest status, wWilgapperishowed a positive response
to harvest. Shrew$porex sinereuandBlarina brevicauda and chipmunksTamias
striatug responded negatively to harvest of both typdse Jopulation abundance of the
communities overall were generally higher afteatmgent on the harvest sites than either
before conditions or the adjacent controls, widsklretention plots showing slightly

greater gains than slash-removal plots.

As part of the overall project | compared the difamess of 3 common live traps
(Chapter 6). | paired Sherman, Ugglan, and Fstgte live traps in a 3 year small
mammal experiment in Northeastern Minnesota to @ampapture profile, capture rate,
and failure rate. Traps could fail either by sgnmg without an animal entering the trap,
springing but allowing the animals to escape, ofdiyng to spring when an animal
entered the trap and raided the bait. Traps waitedusing cooked oatmeal wrapped in
wax paper to enable identification of disturbed badicating that an animal had

accessed the bait. Each trap type recorded >Tr&pMights. Ugglan traps had the

* There are potentially two speciesRéromyscuin the regionP. maniculatusandP. leucopus.Field
differentiation can be difficult. All mortalitiesonclusively identified have been determined tdébe
maniculatus All mice are assumed to IBe maniculatushowever | shall refer to them Beromyscuspp.
to avoid inferring more specificity than | can galatee, since few animals were positively identifisthg
skulls.
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highest total catch rate (26.7%) and lowest faihate (1.5%) of the three traps. Sherman
traps had a similarly high capture rate (24.7%),n®arly 1 in 8 trap nights resulted in
either a closed but empty trap or a trap that feshlentered but not sprung. Fitch-style
traps failed (10.8% of trap nights) more than twaseoften as they recorded a capture
(4.9% of trap nights). Ratios of the three moshown speciesReromyscuspp,

Myodes gapperi, and Blarina brevicauddijl not differ between the three traps.

Chapter 7 presents the first application of Visiloigplant Elastomer (VIE) tags in a small
mammal mark-recapture study. Difficulties in taggshrewsBlarina brevicaudaand
Sorexspp) and red-backed voleMyodes gappeyiled me to use a technique first
developed for fish to mark animals. Individualgludése three species were tagged with
Visible Implant Elastomers (VIE). Voles were atagged with standard ear tags (Monel
#1). Analysis of longevity between the 2 systemgadles shows that VIE tags lasted
longer and were lost less often in voles than stethdar tags. The VIE tags were also
effective in determining wheth&. brevicaudaandSorexhad been previously captured.
The VIE tags were effective in determining the ndality of voles re-captured without

ear tags, allowing for continuous capture histories
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Figure 1.1: Research Site Locatior: Location of the 4 field sites i

northeastern Minnesota. Duluth, MN provided fderenct

"st. Louis

< Duluth, MN
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Figure 1.2: Research Site Orientation:Layout of the Carlton Site,

representative of all sites. The star indicateddiationof pitfall traps, the paralldines

represent the trap/vegetation gr
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Figure 1.3 Research Site: Aerial photogwww.maps.google.conof the 3

principleresearch sites with treatment bounda Sites CFC1 an@FC: are post-

harvest, Carlton is prior to loggir A: slash-retention; B: slash-remoy@l: control

A: 4 hectares

B: 2 hectares

C: 5 hectares

CFC1

A: 2 hectares
B: 2 hectares

C: 1.4 hectares

CFC3

P A: 5.5 hectares
B: 4 hectares

C: 9 hectares

Carlton County
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Chapter 2
Harvest Methods and Coarse Woody Debris

Introduction:

The opportunity to produce renewable energy frosidiee and other previously non-
merchantable wood has increased interest in hamgeslsh and coarse woody debris.
Other work has investigated the economics of tlaetmre (Arnosti et al. 2008). Here |
present the harvest methods used, and the resdiffegences in CWD between the
treatments.

| used three forest sites for this research: Qari@~C1, and CFC3. The sites
were dominated by aspen (modfigpulus tremuloidewith somePopulus balsamifeda
but also had considerable red map@ledr rubrun) and balsam firAbies balsamea
These sites also contained lesser amounts of te{Queercus rubraCarlton only) paper
birch Betula papyrifery, pine Pinusspp.) and sprucd’(ceaspp.). All forest stands
were between 40 and 80 years old at the time afrtrent. Management objectives in
each site called for a regeneration to young aspahafter logging the cut treatments
were dominated by aspen regeneration.

Each site represents a full BACI replication, whie stand divided into three
treatment blocks: clear-cut with slash-retentiorsiv@, clear-cut with slash-removal, and

control (no cut).

Harvest: Both treatments were clearcut, but varied in thewmh of slash retained: no
intentional retention (slash-removal) and no intavdl harvest (slash-retention). Both
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treatments used standard heavy machinery loggengipes for this region and forest
type, with some modifications (outlined below) theeve the treatment goals. Heavy
equipment included a tracked feller-buncher, wieksledders to drag trees, and a
wheeled delimber.

For the slash-removal treatments, skidders dragdpede trees to a central
landing site off of the treatment site for de-limi This approach was prescribed by the
forest manager under the assumption that the sftdédtee dragging would inhibt growth
of Corylus cornutaon the site (R. Severs personal communication)ggeos were also
permitted to harvest snags and existing CWD at thiscretion on these treatments.

For the slash-retention treatments, the fellerchen piled trees as it cut into
small, scattered piles to which the delimber drdnehis way slash was not re-
distributed from a central processing area, baiimeplace throughout the process,
reducing machinery impact on the treatment by amgithe backhaul tripsLoggers
were directed to leave snhags and existing CWDaogbn slash-retention plots.

A similar process was used for the Carlton siteutfn here there was less whole-
tree skidding overall and the loggers did not reenas much slash from the slash-
removal treatment as was called for in the leaseldft scattered piles of limbs and small
trees. | removed slash piles from the trapping gging a chainsaw, all terrain vehicle,
and a small wheeled trailer (Figure 2.1). Theahibgging was done on frozen ground
with > 0.5 meters of snow. The cleanup was dorspiing on wet ground. | took care to
remove the excess material with as little impagqi@ssible, and consciously chose to

keep the ATV and trailer on designated paths.
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Logging removed all standing live trees from thesmctions of the Cloquet
Forestry Center, and all standing dead trees (3m@agsdowned logs that could be hauled
from the slash-removal treatment. The same p&smniwas used on the Carlton site,
with the exception of oakQuercu$ left at the direction of the county forester ansmall
number of trees situated too close to the stanolitkg to safely remove (n < 2 trees
retained/ha).

There was a clear effort made to leave or remaa@hsh the appropriate
treatments on the Cloquet site, and differencesdmat the two cut treatments were stark,
and immediately noticeable. Differences betweenGhrlton treatments were not
immediately obvious due to lack of compliance by lilgger to the harvest prescription,

but extra removal resulted in an approximatiorhefdesired results.

Methods

Siting of vegetation plots was driven by the smadimmal trapping grid. As part of the
overall project, | established a small mammal tnagrid in each treatment area of each
stand (Figure 2.2). The initial starting point veagected at random, and from this point |
systematically laid out a 4 X 5 grid, with 20 me$pacing between both rows and
columns. Twelve permanent vegetation sample plete laid out in a systematic
manner nested inside these grids, with 20 metairspa Vegetation plots were situated
so that each plot was equidistant from the fouremtdrap stations. In this way the

vegetation plots were sited to avoid impactinggtws during the normal course of
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Figure 2.1: Slash pile from Carlton slash-removalreatment. This is the extra slash
hand removed by the author in addition to that donthe loggers. Pile measures

approximately 1.5 meters X 5 meters X 10 meters.
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Figure 2.2: Research Plot Layout:Standard layout and spacing of small

mammal trap stations and vegetation/CWD plot center

+ Small mammal trap station @ Vegetation plot center

20 m.

+ + + + +
20m. 4 + + +
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trapping. Plots were only visited when sampled alhother foot traffic was
kept away from the plots.

| marked plot centers with rebar driven into thewgrd, allowing for exact
relocation with a metal detector. Pins that warkepl from the ground by logging
equipment and could not be confidently re-locatedendropped from analysis. From
these central points | swept a 5.64 meter radi08 (f) plot with a thin wire cable.

| surveyed coarse woody debris (CWD) in the harpess in late fall prior to
winter logging, and in the spring following harvegthe two surveys were roughly six
months apart. | surveyed the control plots onoacuarrent with the post-treatment
survey for the harvested sites. There may have seme natural accumulation or
decomposition of the control plots over the wintart limited time and resources
required me to prioritize the harvest plots duting narrow window between vegetation
senescence and the start of logging.

| measured each piece of CWD at least 5cm in dianeside each plot. For
each piece | recorded total length within the fiotthe nearest 5cm) and midpoint
diameter. CWD was also categorized into a decale snodified from Maser et al.
(1979). This scale was initially developed for wsth conifers and required some
modification for northern hardwoods (see Figuref@rdlescription). Briefly, as wood
decays it progresses from intact stems with badched (Class 1), through logs that are
nearly all soil, and may be only a raised bump osswith chunks of rotted wood
underneath (Class 5). Because the categorizatisrsubjective, in the final analysis the

categories were collapsed to “hard” (scores <&m#y dead), “mid” (scores 3, 3.5,
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decay becoming obvious), soft (scores 4-5, advadeedy) and chunks (score 6). The
chunk category was added to incorporate more decstgens that had become crushed
and scattered from vehicle traffic. It was onlggent in the slash-removal treatment
post-harvest.

As a log decays through the classes it becomegilesdar, and in the final stages
a diameter measurement parallel with the grounddvoot be representative of the total
volume of wood (as an example, a class 5 log mayOloen across, but only 4cm high).

For this reason planar area (length X diameter)wsasl rather than volume.

RESULTS

A summary of the pooled CWD results for the thriéesssurveyed is presented in Table
2.1. There were few differences between the treatsnprior to harvest in regards to
CWD (Table 2.1, Figure 2.4)After harvest total CWD (planar area) increasedllifout
two slash-retention plots and declined in more thalhof the slash-removal plots
(20/36). Final CWD densities ranged from 300-17#6/m? (mean=1000 cAim? SE=

90 cnf/m?) in slash-retention plots, and 20-1060°%mt (mean=365 cAim?, SE= 58
cn’/m?) in slash-removal plots. This compares with paevhst average density of 465
cn’/m? (SE=49 criym?) for these plots. The average slash-retentiongalev an increase
in CWD area of just over 42,174 é#22 cni/m?). Slash-removal plots lost on average
just over 2,900 ¢ (29 cnf/m?). The change in plot CWD amount was significantly
different for the two cut treatments (t = -7.59=d66.73,p <0.001). The bulk of the

difference between the plots was the addition sf ecayed wood (stages 1
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and 2) to the slash-retention plots, and the rest &d same from the slash-removal plots.
Both treatments saw a similar increase in CWD ofenamlvanced decay stages.

Although the number of pieces of CWD increasethenharvested treatments,
each piece of CWD was on average shorter and ththaa the existing CWD prior to
harvest. This relationship held true for both lstestention and slash-removal treatments,
though the reduction in median stick length wasificantly greater for slash-removal
plots (median change 134 cm) than for slash-reiangiots (median change 72 cm) (t = -
2.7, df = 67.37, p-value = 0.009). The sheer nurobgieces of CWD was also much
greater in the slash-retention plots (52 sticksjdlwan in the slash-removal plots (26
sticks/plot) (t = 6.65, df = 62.6p,< 0.001).

As mentioned above, the two treatments differeldow the ratios of the three
lumped classes (hard, mid, and soft) to the to¥DCarea changed pre to post harvest
(Table 2.2). In general the portion of total CWHattwas of the more decayed “soft”
classes increased in the slash-removal treatmedtdecreased in the slash-retention

plots, while the opposite relationship was foundtf@ harder, more intact debris.

Discussion

As expected from the design of the study and ttemtrof the slash-removal harvest, the
amount of CWD was starkly different between thatireents. The nature of the CWD
also differed in each treatment before and afestinent. In both treatments, median
stick length dropped, as single, long logs werééndoy machinery, or supplemented

with new, smaller logs. Median diameter also dexpps the new additions were smaller
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Table 2.1. Mean mid-planar area of Coarse Woody Dels (CWD). Treatments include: Control (no harvest), SlastaR
(clearcut with slash retained on site) and Slasind®e (clearcut with whole tree skidding and/or natbal removal of
slash). Statistical significance of changes witigh treatment due to harvest is noted, and desigiias ns (not statistically
significant, p > 0.1), + (statistically significaat p<0.1), * (p<0.05), ** (p<0.01, *** (p<0.001)Comparisons across
treatments are noted where one or more treatmasta htatistically significantly stronger respofse&0.05) than the others.
Values between treatments across a year are sigmify different (p<0.05) when denoted with diffegiletters.

Data for the Control plots was only collected ofmmresponding to the after period for the hartesttments).

Treatment Control Retain Remove
Before 43242 cm?a 42822 cm? a 38680 cm? a
(3699 cm?) (4413 cm?) (4067 cm?)
Total
After 43242 cm?a 84996 cm?2b 32929 cm?c
(3699 cm?) (6275 cm?) (3636 cm?)
Change A 42174 cm? ***q WV 2907 cm2ns b
(4698 cm?) (3527 cm?)
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Before 9438 cm?a 12614 cm? a 12609 cm?2 a
(1858 cm?) (1722 cm?) (2220 cm?)
Decay
class After 9438 cm?a 43338 cm?2b 5707 cmZa
“hard” (3699 cm?) (5014 cm?) (844 cm?)
Change A 30724 cm? ***q WV 6902 cm2 ** b
(4698 cm?) (2301 cm?)
Before 13696 cmZ2a 14832 cm2 a 16749 cm? a
(2056 cm?) (2650 cm?) (3002 cm?)
Decay
class After 13696 cmZ2ab 18736 cmZa 10741 cm?2b
“mid” (2056 cm?) (1958 cm?) (1720 cm?)
Change A 3904 cm?nsa WV 6008 cm2 + b
(2251 cm?) (2344 cm?)
Before 22007 cm?a 18312 cm? ab 14589 cm?2 b
(2497 cm?) (2608 cm?) (2038 cm?)
Decay
class After 22007 cm?a 27437 cm?a 20051 cm?a
“soft” (2497 cm?) (4226 cm?) (3046 cm?)
Change A 9125 cm? *a AN 5462 cm2nsa

(3589 cm?)

(3572 cm?)
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Figure 2.4: Plot of CWD area in sample plots beforand after treatment. Control
plots were only sampled once. A Welch t-test ffedence in change of area between

slash-retention and slash-removal: p <0.0001
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than the pre-harvest CWD. Smaller, shorter, CWD bwless useful than larger, longer
pieces for small mammals as runways and refugis€¥eat al. 1979).

The shorter CWD may actually increase food avditglin the short term by
hosting a greater density of insects and fungi ghoa greater proportion of exposed
surface area. Inthe longer term, as this delet®rhposes more quickly than longer,
larger, and less degraded sticks would have, teeathavailability of food would likely
decrease as well.

Coarse woody debris is important for small mamraala microhabitat for cover
and also as habitat for insects, fungi, and pldrasin turn serve as a food source for the
small mammals. As CWD decays, its role in the gstesn changes (Franklin et al.
1987; Maser et al. 1979; Maser and Trappe, 1984; &d Brown, 1999). Young,
harder CWD can serve as refugia for small vertelsrahd protect against erosion. More
decayed but still intact wood can retain waterdyetian surrounding mineral soil and
provide habitat for bryophytes, ferns, and othescudar plants. Even older debris—
classes 4 and 5 in this study—can persist in thestdor years and continue to hold
water and allow for rooting of plants. This debsi®f less use as cover for larger
vertebrates, but may still be useful for smallett aapecially fossorial and semi-fossorial
animals such as herpetofauna, shrews, and moleallyi-CWD may serve as a carbon
sink, delaying the release of carbon into the aphese.

Perhaps the starkest difference in CWD responiseeka the treatments is the

case of the less decayed, more intact “hard” CVWbis wood still has its bark and
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Table 2.2 Mean fraction of total CWD for each decaglass by plot, treatment, and harvest statusData for the Control
plots was only collected once (corresponding tcetiter period for the harvest treatments). Diffeeis the resultant p value
found in paired t-tests. Inter-treatment compassare noted where one or more treatments has ificagtly stronger
response (p <0.05) than the others. Values bettveatments across a year are statistically sanfly different when noted

with differing letters.

| Treatment Retain Remove
Before 21.8% a 30% a 24.6% a
lass Hard After 21.8%a 48.7% b 15.2% a
Difference Mp <0.01 Vp=0.07
Before 36.1% a 33.5%a 34.5%a
lass Mid After 36.1% a 229% b 34.1% a
Difference Vp<0.01 VNS
Before 42.1% a 36.4% a 40.5% a
lass Soft After 42.1% a 28.4% b 50.6% a
Difference W NS AN NS
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smaller branches intact, and will persist on tmelézape for longer. This class of CWD
greatly increased in the slash-retention plotseas wood was added to the pool from the
harvest, but decreased in the slash-removal tressnas a result of harvest of not only
the pool of potential CWD in the form of branchesl &ops removed, but from the
deliberate harvest of the pre-existing pool of C\@well. As the fraction of the CWD
in the less decayed classes increases in the rdtesttion plots and decreases in the
slash-removal plots, we can expect this differengeersist and even strengthen over
time as the more decayed wood gradually decomp@ogkss replaced at a lower rate in

the slash-removal plots.
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Chapter 3

Response of Shrubs and Aspen Regeneration to CoaMéody Debris Harvest
Introduction:
This chapter examines the differences betweennbesliash retention levels on aspen
regeneration and the general shrub and tree contynwiih a special focus on beaked
hazel Corylus cornutd Hazel is ubiquitous across the region, andclpi constitutes
60-90% of stem density in older stands (Kurmis &ndoff 1989). On each site,
vigorous regeneration of aspen or aspen and biechtiae primary management
objective. Populusspecies such as aspen regenerate after disturbaitterfire or
harvest—via clonal root suckers (Frey et al. 2008jtial stem densities decrease as the
stands age through self-competition mortality (Ret877, Perala et al. 1999). This
process is known as the “stem exclusion phasegh Hazel density may suppress initial
aspen sucker density and vigor (Mundell, et al.22B0n Severs, personal
communication).

Whole-tree skidding and slash-removal was initigligscribed on the two
Cloquet Forestry Center sites to scarify the si@image or remove existing hazél (
cornutg and prevent its regeneration. Logging slash ni&xyiahibit aspen regeneration
(Doucet 1989). Trees and shrubs are expectedjtmeeate at greater densities on the

slash-removal plots.
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Methods

Sites: | selected two sites for full analysis of shraipsl tree regeneration: CFC1 (NPC
FDn43) and Carlton, NPC MHN35). The second sitéherCloquet Forestry Station
(CFC3) was not chosen for this part of the study wulow plant alpha diversity, only a
single shrub specie®iervillia lonicera) dominated and the pre-harvest canopy was

almost pure aspeP¢pulusspp).

Vegetation sampling:As described in Chapter 2, on each site | estaddigh4 X 5 small
mammal trapping grid with 20 meter spacing in elaeatment area of each stand.
Permanent vegetation sample plots were laid oatsgstematic manner nested inside
these grids, with 20 meter spacing. From thesgalguoints, | swept a 2.82 meter radius
(25 nf) plot with a thin wire cable.

On each 25hAplot | did a complete stem count for each taxohruBs were
identified to species in most cases, though armalgsione on shrub genera. Particularly
difficult genera such a&malanchierand Salixwere identified only to the genus. Stems
were counted ~5 cm above mineral soil to avoid #edrto remove litter or herbaceous
vegetation. As a result, some spreading shrulds @sldirvelia loniceramay have
received a higher number of stem counts than tlere actual individual plants, but
sampling efficiency was greatly improved. Stumpositing regrowth from logged trees
was also counted individually, though each stemavelene of the parent tree and few of

the stems would survive.

®> The Minnesota Department of Natural Resourcesiiddtlant Communities Classification System:
http://www.dnr.state.mn.us/npc/classification.html
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Stems were categorized by height class: up to Qfetween 0.5 and 1.5 m, and
greater than 1.5 m. Tree saplings were considaraeds if they were less than two
meters tall. Trees greater than two meters tal po harvest were classified as trees and
counted separately (not reported here). All regeimey stems after harvest were
included in this survey, regardless of height.

Sampling was conducted between July and Septenhleaich year, with the bulk
of sampling done in July and early August. Cars te&en to balance the sampling
effort across a site between treatments to avosgmiation date from affecting one
treatment differently than another. Thus, whilmdy have taken some time for an entire
site to be surveyed each year, the three treatmeéttitim each site did not differ in the
timing of the survey effort.

Nomenclature follows the State of Minnesota VaacBlant Checklist (MNTaxa,
MN DNR 2013).

Analysis: Shrub stem counts were compared with paired B-tastVilcoxon signed rank
tests before harvest and one and two years posestaDifferences within treatments

pre-post harvest were analyzed with T-tests. ddisear models to determine the effect
of CWD area and hazel density on aspen regeneratiosed R (R 2.13.1 for Mac OS X

GUI 1.40) for all statistical analyses.

RESULTS

Few differences in shrub density existed betweerrdgatments prior to harvest (Table
3.1). Although there was heterogeneity acrossities, especially in the presence or
absence for less common shrubs, these differenerssgenerally not statistically
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significant. Other pre-harvest differences betweeatments not included in Table 3.1
are noted in the text.

Both harvest treatments had a negative effectivel&d pre-harvest conditions on
stem desnity foAcerspp and a positive effect dhopulusspp.,Rubusspp. and total
shrubs. There was little difference between thehanvest treatments in shrub and tree
response for most species, with the exception akée hazelCorylus cornuta)which
doubled in the slash-retention treatments plotsydmained essentially constant in the

slash-removal plots (Table 3.1).

Hazel Hazel counts in the slash-retention treatmentia®ed relative to the pre-harvest
condition for both the one and two year post treaiincounts (t = 1.87, df = 35.24+

0.07 and t = 2.5, df = 27.98,= 0.019). The increase in the slash-retenticatrnent was
significantly different than changes in the contantl removal plots, each of which
remained essentially constant (Year 2: controltéte -> t =-2.72, df = 25.7¢, =

0.01; Year 2 removal-retention -> t = -2.78, df%45,p = 0.01; Figure 3.1). While the
overall sum of hazel was not statistically sigrafitly different for the slash-removal
plots after harvest, the smallest size—those shuaoder 0.5 meters—increased by an
average of 40 stems per plot (1.8)mThe increase in the smallest size class was
significant (t = -4.59, df= 28.71 <0.0001) when compared to pre-harvest conditions,
but the increase of 40 stems/plot was also sigmitig less than the increase

of the 93 stems/plot (3.7ANof this size class on average in the slash-rietemteatment

(t =2.56, df =37.94p= 0.015).
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Table 3.1 Density (stems/m2) of selected shrub species: fbyddarvest; 2) one year

after harvest; and 3) twgears after harvest. Treatments include: Controlh@rvest),

Slash-retention (clearcut with slash retained t&) sind Slash-removal (clearcut with

whole tree skidding and/or mechanical removal a$ls). Standard errors are in

parenthesis. Letters following values indicatatiehships between treatments;

treatments that share a letter do not differ biaaissically significant margin, those with

differing letters do (p <0.05). Change betweerryeathin a treatment are labeled as ns

(not statistically significant, p > 0.1), * (p<0,¥¥ (p<0.05), *** (p<0.01).

Species Status  Control Retain Remove
Before 1.72(0.269)a 3.04 (0.325) b 2.25(0.296) ab
Hazel  After1 1.89(0.395)nsa 4.55(0.819)*b 2.24 (0.336) ns a
After2 194 (0.429)nsa  6.12(1.147)**b 2.66 (0.386) ns a
Before 0.22(0.059)a 0.16 (0.042) b 0.24 (0.045) a
Aspen  After1 0.34(0.083)nsa 3.54(0.559)**b  5.22(0.867)***b
After2  0.34 (0.09) nsa 3.54 (0.551) **b  4.87 (0.522) ***b
Before 6.9 (0.938)a 7.95 (0.538) a 8.39 (0.753) a
All stems After1 8.43(0.69)nsa 11.8 (1.21) **b 12.05 (1.0) *b
After2 11.58 (1.086) **a 16.65 (1.604) ***b 15.22 (0.871) ***b
Before 0.2 (0.066) a 0.93 (0.268) b 0.53(0.124) b
Rubus  After1 0.73(0.158)***a 1.0(0.219)nsa 1.07 (0.221) **a
After2  0.87 (0.228) ***a 2.71(0.446) ***b  2.95(0.451) ***b
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Figure 3.1Hazel stem density (stemsnin sample plots before harvest, 1 year after
harvest, and 2 years after harvest. Numbers atb@veolumn heading indicate mean of

plots for that sampling period.
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Densities of hazel for the 0.5-1.5 m. size clafie@id between the harvest treatments on
the CFC1 site (2.76 stems/ws. 0.93 stems/Mmt = 2.0791, df = 14.22 = 0.056) but did
not differ for the combination of the two sites§ktems/mivs. 0.8 stems/mt = 1.32, df

= 33.39,p = 0.2). Hazel densities of the highest class.Bnieters) were not different

between the harvest plots (0.04 stenfsins 0.31, df = 25.43) = 0.76).

Populus Aspen and balsam poplar tre€®pulusspp) increased in both harvest cuts
(Figure 3.2).Populusstems increased from an average of 2.7 stemsfptbnf) in
slash-retention plots before harvest to 86.6 stalots(3.4/nf) by two years after harvest
(t = -5.45, df = 23.12p= <0.001) and from 7.3 stems/plot (0.3)rto 116.6 stems/plot
(4.7/n?) in the slash-removal plots (t = -7.73, df = 2138 <0.001). The difference in
increase between the harvest types was not statigtsignificant (t = 1.23, df = 43.86, p
=0.23).

There was a difference between the harvest treasni@nthe middle size class.
Stems between 0.5 and 1.5 meters in height hasleaage density two years post-
harvest of 1.82 stemsfrin the slash-retention plots, and 2.98 sterfisithe slash-
removal plotst(= -2.49, df = 44.87p = 0.016). The trend was driven by the Carltoa sit
and its density gap between treatments of 1.72sdtem(t = -2.91, df = 23.54p =
0.008). The difference of 0.5 stemé/am the CFC1 site was not statistically significant
(t =-0.73, df = 17.73p = 0.47). Both treatments averaged one stémfrthe tallest

heights class (>1.5 meters).
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When aspen stem density across both treatment Wgesegressed against area
of CWD there emerged a moderate negative correld@iween stems/plot and area of
CWD. The sum of a plot's CWD of each hardnesssc{hard, mid and soft) explained
31% of the variation in stem density (Adjusted Riaagd: 0.3F=5.64 df=3/28, p=
0.004). Debris of the “hard” class alone explait&éo of the variation (Figure 3.3,
Adjusted R-squared: 0.176%: 8.93 on df=1/36,p = 0.005).

The trend was especially evident when only thehstagention treatment was
analyzed; the strength of the relationship incréasealmost 43% (Adjusted R-squared:
0.427F =5.22, df = 3/14,p = 0.01). Aspen regeneration on the slash-renmtogatments
was not affected by the lower levels of CWD foumdtioose plots (Adjusted R-squared:
0.104,F= 1.5, df=3/10p = 0.27).

There was no correlation between aspen regeneratidlensity of either hazel
(Figure 3.4; Adjusted R-squared: -0.625 0.22, df=1/39,p= 0.64) or raspberry stems

(Adjusted R-squared: -0.02= 0.097, df= 1/39p = 0.76).

Maple Maple Acerspp.) stems decreased across the majority ofdiash-removal
plots (n = 13 of 24) and slash-retention plots (td=of 24), however the slash-removal
plots lost on average 64 stems/plot (2.58/after two years, versus 24.2 stems/plot
(0.97/ nf) on average in the slash-retention plots. THierince was fairly large, but
not quite statistically significant € -1.80, df = 40.88p = 0.08). Changes iAcerspp.
were largely driven by the higher pre-harvest deesbn the Carlton site. Prior to

harvest the CFC1 cut plots averaged 24 (0.96t@tention), 5 (0.2/f removal) and 11
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Figure 3.2 Aspen (allPopulusspecies) stem density (stem&im sample plots before
harvest, 1 year after harvest, and 2 years afte#eba Numbers above the column

heading indicate mean of plots for that samplingogoe
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(0.44/ nf, control) stems per plot, while the Carlton ploési 105 (4.2/f retention), 205
(8.2/nt, removal) and 215 (8.6/mcontrol) on average.

The Carlton site showed the same pattern the cmwdlsites did, but slightly
more strongly. The slash-removal plots showed% Rss ofAcer stems on average,

compared to a drop of 18% in the slash-retentiotsgWilcox rank sum: 2&§= 0.035).

Rubus Raspberries and dewberries increased by a statigtgignificant amount in all
treatments, including the unharvested controlsuiie@@.5). Becaudeubuscounts were
considerably lower in control plots than harvestpbrior to harvest, stem counts were
log transformed to better reflect relative changeer than absolute changes in denisty.
The harvest treatments showed larger increasdsrm&unt relative to the control
(Control-Retention: t = -2.42, df = 46, p-value 82 Control-Removal: t = -1.86, df =
43.5, p-value = 0.07). The harvest plots showedlai relative increases (t = -0.735, df

=43.46, p-value = 0.47)

Blueberries:Two years after harvestacciniumspp stem counts had decreased in both
harvest treatments (Retention: 63 -> 41 (2.5->th%;/Removal: 58 -> 1 (2.3->
0.04/nf)). Blueberries increased over the same time sptre control treatments (45 ->
90 (1.8->4.6/r). Although the difference in loss was not statly significant
between the harvest treatments due to the low hagjmumbers per plot, there was a

near extirpation o¥acciniumfrom the slash-removal treatments.
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Aspen stems/sg. meter

Figure 3.4: Relationship between hazel stem density and aspen regeneration
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Figure 3.5 Density ofRubusspp. (stems/f) in sample plots before harvest, 1 year after

harvest, and 2 years after harvest. Numbers atb@veolumn heading indicate mean of

plots for that sampling period
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Other shrubsThe woody understory was dominated by hazel andevsgedlings before
harvest and by aspen regeneration and hazel attérg; however, another 17 genera of
native shrubs and vines were recorded in at lesstreatment. These shrubs included
species ofcornus, Prunus, Salix, Ribes, Amalancheir, Phygneg Sambucus,
Viburnum, and LoniceraNot all of the species were present on every@i@ven every
treatment, but most treatments had at least a xawples of each of the above.

The most ubiquitous shrub after hazel was nortbesh honeysuckld{ervilla
lonicera), occurring on over half of the plots surveyedonl of the treatments saw a
notable increase or decreas®inoniceracounts after one year, and only the removal
treatments showed a statistically significant cleamgstem counts after 2 years (from 9.5
stems/plot to 29 stems/plot (0.4->1.2)m = -2.27, df = 28.25, p = 0.031). The increase
of 20 stems/plot was not different than the 9.7nst@lot increase observed in the slash-
retention plots (t = 1.28, df = 35.4, p = 0.21) tuats statistically significant when
compared to the control treatment and its 2.5 df@otdncrease (t = -2.52, df = 22.59, p
=0.019).

Willow (Salixspp.) were absent from all control and slash-reiarglots prior to
harvest, and were found on two slash-removal (flot3). After harvestSalixwere still
absent from control plots, but were now found orofi24 slash-retention plots and 10 of
22 slash-removal plots. Whifalixspp increased in both treatments, there was a
noticeable but not quite significantly greater gase in the slash-retention plots than the
slash-removal plots (an average of 6.8 stems/pl8ir{f) versus 2.3 stems/plot (0.19m

t=-1.83, df = 30.47, p = 0.077).
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Dogwoods Cornusspp) were never found on slash-removal plots priasrto
after harvest, but were a relatively common shruthhé control and slash-retention plots
before harvest. Dogwood counts did not decredse @afo years on the control plots, but

after harvest only a single dogwood stem was fanrbe slash-retention plots.

Other than the results detailed above, no singke ¢d shrubs showed a statistically
significant response to harvest. When all shrubsrahan hazel anid. lonicerawere
lumped, a positive relationship was found. Prioharvest these less common shrubs
averaged 21 stems/plot (0.8)nn the slash-retention treatment, 15 (0.%/m the slash-
removal, and 15 (0.6/in the control treatments. Two years after hsirtieese counts
were 48, 28.5, and 16 stems/plot (1.9, 1.1, (Fpraspectively. The increase was
significant for the slash-retention plots (t = 8.df = 32.66, p = 0.005), and was not
quite significant for the slash-removal plots {=856, df = 30.9, p = 0.073). The
increase in the slash-retention plots was not greaan that in the slash-removal plots by

a statistically significant amount. (t = -1.39,€d#3.5, p = 0.17).

DISCUSSION:

The study sites were pre-planned timber salesjraadch case the harvest was intended
to regenerate aspen. Work on aspen over theNasdécades indicates that initial sucker
density may affect final stand productivity, witlgher initial densities leading to more
vigorous suckers (Palik et al 2003). Contraryhi ariginal hypothesis, aspen

regeneration appeared little affected by treatrhgrd. There was a non-statistically
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significant difference of about one stemiffor all sizes class summed, but both
treatments averaged the same one stémfiie tallest height class. | believe it is
unlikely that the overall difference will affecthfil tree density after the stem exclusion
phase, especially in light of the lack of a differe in the stems of the tallest height class.
Aspen stem mortality during stand maturation isihand mostly through intraspecific
competition (Perala et al. 1999). Clearly a dgnsit>4 trees/rhas found on the slash-
removal treatment is not sustainable, and thess giill experience considerable
mortality as they age. Whether the differenceeangity was great enough to impact
sucker vigor—as suggested in Palik et al. (2003 mat considered here.

While there was not a statistically significantfeience in aspen regeneration
between the treatments as a whole, CWD densityhaae an effect oRopulusstem
density. The retention plots had considerablerbganeity in CWD density as noted
above, and aspen regeneration in slash-retentats whas negatively correlated with
CWD density. However, even plots with 500-1,00¢/amh of CWD managed ~2 aspen
stems/rf, a density that translates to 8,000 stems/acréabeve the 4-5,000 stems/acre
deemed adequate for regeneration in northern MotagBates et al. 2002; Perala 1977).
It seems clear that aspen sucker regenerationeaerdatively affected by CWD
density—as predicted—but that final tree densitsnaturity is unlikely to be affected by
all but the densest CWD piles. Further, there madifference between the plots in the
density of the tallest suckers, each averaged +l/ste These taller stems are

presumably the most likely to survive the intragfie competition and a lack of
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difference in this size class is likely more megfihthan the density of stems under 0.5
meters.

As with aspen, there was little difference betwtentreatments in shrub or tree
response for most other woody species, with thetian of beaked hazeC( cornutg
which increased by a statistically significant amiin the slash-retention treatments
plots, but not in the slash-removal or control gloT his difference was the only
statistically significant difference among shruld @ree responses between the two
treatments post-harvest on the CFC1 site, and wiadiffierent between the three
treatments on the Carlton site. This last fact i@y function of the relative lower
initial density of hazel on Carlton plots (0.6 s&nf) versus those at CFC1 (Zhpiot).
Hazel response to harvest type matched the predigieothesis, nearly all hazel over 0.5
meters in height present prior to harvest was readmn the CFC1 removal site via the
whole tree skidding and the corresponding slastntitn treatment retained more hazel
of this class.

It is worth noting that although the hypothesid tiibole-tree skidding would
inhibit hazel regeneration was supported, thermisupport for the prediction that
reduced hazel density would enable greater asggameeation. Although hazel is
considered an undesirable competitor to aspen esgéon by loggers and forest
managers (Mundell, et al. 2007; Ron Severs, petsmmamunication), it is important
food for wildlife. Aspen and balsam poplar areidapgrowing trees that regenerate
from root suckering, and they can quickly outpaaeeh and other potential competitors

that could shade them out (Bates et al. 2002; @&@17). A high enough density of
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hazel taller than the regenerating aspen coulddepiee aspen suckers, and there was
some evidence here. Only 5 plots had a densitypél >0.5 meters above 3/mand
those plots had a density of taller class aspehbe#w 1/nf, but for lower densities of
tall hazel there was no statistically significafieet of the hazel. Given the importance
of this native shrub species for wildlife, the lted impact hazel has on aspen
regeneration, and the severity of the whole-trégdskg method to inhibit it, it seems
unwise to pursue this practice.

There was also no statistically significant relasibip betweeRubusdensity and
aspen regeneration, indicating that aspen clokelylrespond quickly enough to grow
past a height whefRubusstems could shade them.

Harvest of woody biomass neither promoted nor itddibaspen regeneration to
an extent that exceeded the natural range of saekesity in the region. Allowing for
natural thinning of suckers through stand develapmdind it unlikely that any
difference will be evident at stand maturation caneg to non-CWD harvested areas.
Although locally dense CWD piles can inhibit asgeckers, density across most of a
harvested stand would not rise to an inhibitorelewen if all logging slash was left on
site as was done here. The extra scarificatiomhafle-tree skidding and the increased
equipment pressure to harvest the woody biomasgatidhlly suppress possible aspen
sucker competitors such as hazel, but did not ingespen regeneration itself.

| found non-statistically significant differencesttveen the two harvest
treatments for the gendger, which on these sites included two tree spedesubra

andA. saccharumand a shrub specieA.(spicatum The maple species are important
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winter browse for both ungulates (Dodds, 1960; MoAdvisory Committee et al. 2009)
and snowshoe hare (Dodds 1960). Moose m@plspicatummmay be especially
important for wildlife due to its shorter growthrfo and its tendency to grow in thick,
cover providing clumps. While | did not find atsstically significant difference in post-
harvest stem density, the degree of loss was grieaitslash-removal plots. Maples are
an important enough group to warrant further inigasion.

The impact orWacciniumspecies also merits more study. In addition to
providing food for wildlife such as bears, blueliesrare important culturally for the
Native American community of the area and cultyrathd economically for the broader
community through harvest by locals and touri®sth harvest treatments saw a
decrease in stem density, with an apparent stelgoéine in the slash-removal plots. The
small number of plots on which blueberries was tband the low initial densities kept
the difference between the treatments from beiatssically significant, but the almost
complete loss on the removal treatments is notéwort

Lastly, the sites | used had no non-native shrubsgmt. As non-native species
such as common buckthormRifamnus cathartieand introduced honeysuckles
(Loniceraspp) expand their presence in the region, differemcdé®w these shrubs
respond to biomass harvest should be investigdtethe following chapter on
herbaceous vegetation | note that non-native fpdeies increased more in slash-
removal plots than slash-retention ones as a resglteater forest floor scarification.
The increased light and bare soil associated véatkidst—especially biomass harvest—

may open these forests to increased invasion wiesetspecies are present in the area.
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Chapter 4
Impact of Woody Biomass Harvest on Forest Floor Vegfation

Introduction:

Coarse woody debris can be important in systenassasirce of water retention (Maser et
al.1979; Maser and Trappe 1984; Stewart et al. @Loting site for vascular plants
including trees (Maser et al.1979; Maser and Tra§&1), and a growth substrate for
lichens, fungi, and non-vascular plants (Astrorale2005; Siitonen 2001; Stewart et al.
2010). Removing existing CWD and generated slagieties this resource. As a result,
biomass harvest may lead to changes in the plantemity as taxa that are adapted to
more light and drier conditions may outperform mshade tolerant plants.

| hypothesized that biomass harvest would leadecline in native forest forb
cover, and an increase in those plants that asestesde tolerant relative to both pre-
harvest levels and paired control plots. | alspeeted an increase in disturbance
associated taxa, including graminoids, annual aed slispersed forbs, and members of
the Rubiaceae family. | further expected an ineega non-native, or non-native species.
This last category could include both species dn@atnon-native but not necessarily
invasive and some species that could have an wveragsitential (as defined by Beck et al.
2006).

Given the greater severity of the harvest, | higpsized that the slash-removal
treatments would experience greater changes ie ttaggories than the associated
slash-retention treatments, where the logging staa provide shade and act as a
moisture reservoir. While | predicted that ovecalver of native forbs would decline in
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harvested stands, | did not expect the local rishrud these species to be affected in only
two years. Indeed, | predicted overall specidsmass would likely increase as non-
native species and shade intolerant species beestalelished. As a result, overall
diversity of the plots was predicted to increas#,tbe share of this diversity that was
native forbs was expected to decline, and to dechiore steeply in the slash-removal
plots.

Whole-tree skidding and slash-removal was initigligscribed on the two
Cloquet Forestry Center Sites to scarify the si@image or remove existing hazel
(Corylus cornutqand prevent the regeneration of hazel (p 31,tt@sis). As such |
hypothesized that this harvest method would resutiore soil disturbance, leading to
increased area of bare soil. Bare soil may allowirfcreased colonization of the site by
annual plants and non-native species. Establishaigron-natives is expected to be
lower on the slash-retention sites, and lower gtilpaired control plots where no harvest

OcCcurs.

Methods

Sites: | selected two sites for full analysis of shrais! tree regeneration: CFC1 (NPC
FDn43) and Carlton, NPC MHNn35). The second sitéhe Cloquet Forestry Station
(CFC3) was not chosen for this part of the study ulow plant alpha diversity (an

understory dominated by only two herbaceous spéEi@ybia macrophyllaand

® The Minnesota Department of Natural Resourcesiidd?lant Communities Classification System:
http://www.dnr.state.mn.us/npc/classification.html
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Clintonia borealid, one shrubQiervillia lonicera), and a pre-harvest canopy of only

aspen Populusspp).

Vegetation sampling.—+ used the same sample plots | set up for the stndtCWD
censuses. Plots were sited to avoid impacting libts during the normal course of
trapping. Plots were only visited when sampled alhother foot traffic was routed
away from the plots. From the central point oftepiot | used the cable from the shrub
survey to place 4, 1frsub-plots in the cardinal directions (NESW) ceede?.82 m.
away. | swept circular one?plots with a pin/cable setup with a 56.4 cm radilishose
circular plots over Daubenmir frames (Daubenmird)%s they are easier to establish
and transport, and are less sensitive to bias flacement. Herbaceous plots were not
permanently marked, but given the standardizeditmtg@rotocol, the plots likely had
considerable overlap from year to year.

| collected samples once prior to harvest, oncestimemer immediately following
harvest and once two summers following harvest.
| identified herbaceous plants down to the mosti§ipeaxonomic level to which | could
be confident—species in most cases, though sores sigecies were identified only to
genus. Grasses, sedges and rushes were ideptifietb family, and analysis was done
on the summed families within the Order PoalesyoBhyte mosses were also
enumerated as a single taxa, as were the club sxisgmpodiopsida), which included

three species dfycopodium

53



For current taxonomy | followed the State of Misata Vascular Plant Checklist
(MNTaxa, MN DNR 2013).

Within each plot taxa present were noted and eashassigned a cover
percentage of the plot. Looking straight dowrhatplot, | determined what percentage
of the plot was covered by that taxa or physicalrabteristic. Percentages were
classified as deciles (1-10% through 91-100%)). aleould also be assigned a value of
1% cover when it was present, but covered less2P&aof the plot, and 100% cover
when it filled the entire plot. Because of laygricover totals could exceed 100%.
Overall cover was estimated similarly to individtea, and thus could be less than the
sum of all taxa, again due to layering. Data ezatéd this way rather than as
percentages of total cover to preserve true abwedand reflect the open nature of the
forest ground floor; fully 30% of each plot on aage was not covered by any vegetation
prior to harvest.

Litter cover and bare ground were also categorizelde same way for each plot.
Bare ground as used here refers to exposed ms@hajround which was not covered
by a vascular plant but which was covered by littieiff, or moss would not be
considered “bare.” Litter depth was measureapresentative points (typically plot
center and any points which appeared to differ fthencenter) in each plot and averaged.
Beginning in 2007 | also began categorizing the@etage of each 1mplot that was
covered by either coarse or fine woody debris (FWIDHis measurement is lacking for

CFC1 prior to harvest.
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Sampling was done between July (when vegetationcaasidered to be fully
grown) and September (before senescence becamerpailt) of each year, with the
bulk of sampling done in July and early August.reéQaas taken to balance the sampling
effort across a site between treatments to avosgémiation date from affecting one
treatment differently than another. Thus, whilmdy have taken some time for an entire
site to be surveyed each year the three treatmeétttim each site did not differ in the
timing of the survey effort. The four sub-plotsr&dumped for each plot, and the
summed data was compared over years to minimizehidweces of differences in sub-plot
placement between years causing Type | errors.

As many taxa were rare or present on only a fewsmoone site and not the
others, plants were grouped into higher-order categ for analysis. It is not unusual for
even the most ubiquitous of forest herbs to be onityor components of the community,
as Reich et al. (2012) found for the h&thianthemum canadensehich was found on
more plots than any other species in their studgm@sts in northern Minnesota, but
ranked only 7% in percentage cover in plots on which it was fauFtiese higher order
categories have either a taxonomic rationale—sadheaaOrder Liliales—or an

ecological one such as native forbs, non-nativesoor graminoids.

Analysis—The four vegetation sub-plots were averaged irgimgle measurement for
each plant variable at each plot. Percent covehgsical characteristics, individual
plant taxa and combinations of taxa—such as ordecalogical status—was compared

in paired T-tests or Wilcoxon signed rank testobeharvest and one and two years
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post-harvest. Although care was taken to sittreegrids in similar conditions between
the treatments, and as noted above each treatnasnbive portion of a single forest
stand, there were some variables in which siterbgémeity led to statistically significant
differences in variables—such as percent fern eeypeior to harvest. In these
situations, the data was transformed with natwgétithms to preserve relative changes.
These transformations are noted when they weraresjuDifferences in treatments

were analyzed with T-tests.

l used R (R 2.13.1 for Mac OS X GUI 1.40) for d#tsstical analysis.

RESULTS

There were few differences between the treatmerds fo harvest for either plant taxa
coverage or physical characteristics. Table 4mrsarizes the main pre-treatment
conditions, including differences between treatraavtiere they existed. There was a
noted difference in total vegetation coverage (lmhrall cover and summed cover) and
native species coverage between the treatmentsihatslash-retention plots lagging in
each. Although there was heterogeneity acrossitbég, especially in the presence or
absence for less common shrubs and forbs, thefeeati€es were generally not
statistically significant, especially after plamisre lumped into higher order taxa. Other

pre-harvest differences between treatments naidiecl in Table 4.1 are noted in the text.
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Species richness.©verall forb species richness (native and non-eratpecies
combined) increased on all three treatments. Rribarvest 25 native and 2 non-native
species were known to be present in at least aid@lone treatment. By two years
after harvest these numbers had increased to 28marespectively. Two native species
found on only one or two plots prior to harvest &eot located again following harvest
(Linnaea borealisandCoptis trifolid) while six native species not encountered prior to
harvest were now present in at least one plotygala paucifolia, Viola spp., Iris
versicolor, Geranium bicknelli, and Impatiens cagien Both slash-retention and slash-
removal treatments lo3thalictrum diociumpresent on only one and two plots
respectively) anéyrolaspp. (three and one plots respectively). Slastntin plots lost
two further species which were still present oslsleemoval plotsaniculaspp and
Asarum canaden¥evhile the only species whose loss was uniquedctash-removal

plots wasCoptis trifolia

Bare ground.-Bare ground was rare before harvesting, comprisingverage less than
1% of all plots, but increased in both cut treatteeter harvest (Figure 4.1). The
increase in bare ground was not statistically §icgmt between the treatments after one
year, but by year two the slash-removal treatmieotved a larger increase in bare

ground relative to pre-existing levels than slastemtion plots.

Overall coverPrior to harvest, overall vegetation cover indtiee sample plots averaged

57.1% (s.e. 3.27) in the slash-retention treatmpkuis, 74.4% (s.e. 2.71) in the slash-
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Figure 4.1Plot of bare ground in treatment plots before hsirve year after harvest, and
2 years after harvest. Numbers above the coluradihg indicate mean percentages for

that sampling period.
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removal treatment plots and 68% (s.e. 1.96) irctigrol plots. Overall cover prior to
harvest was significantly lower in slash-retenfpbots than in either the removal
treatment (t = -4.09 df = 41.19,< 0.001) or the control plots (t = -3.09, df =&%,.p=
0.004), but cover did not differ between the reni@val control plots (t = 1.66, df =
36.87,p=0.10). Summed coverage of all plants (whiclktmbo account layering)
followed a similar trend.

Overall and summed cover both decreased on tlvestad treatments in the year
immediately following harvest, only to increasddwels higher than pre-harvest after
two years (Figure 4.2). Summed coverage was d@3@¥olof pre-harvest levels on

average in both slash-retention and slash-remdgtd.p

Non-native species.Nen-native species increased in all harvestedrreats over pre-
logging levels (Figure 4.3). The increase in notiveaspecies cover was greater for the
slash-removal than for the slash-retention treatratar one year (t=3.19, df=24.57,
p=0.004) and was still almost statistically signifitafter two years (t=1.77, df=29.82,
p=0.088). Non-native species were a greater issubeo@FC1 than the Carlton
location, and the difference between the two treatsiheld after two years, with these
species covering 7% of slash-retention plots artd @fislash-removal plots (t=2.66,
df=10.49,p=0.023).

Non-native species richness was also statistisadiyificantly greater for both
cuts after treatment compared to before countashSlemoval treatments showed a

greater increase in non-native species richneaswelto slash-retention treatments after
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Figure 4.2Plot of overall cover in treatment plots beforevest, 1 year after harvest,
and 2 years after harvest. Numbers above the eoheading indicate mean percentages

for that sampling period.
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Figure 4.3Plot of non-native forb cover in treatment plotédoe harvest, 1 year after
harvest, and 2 years after harvest. Numbers atbeveolumn heading indicate mean

percentages for that sampling period.
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one year, but by the second year the differencenedsnger statistically significant as
non-native plants colonized the retention treatnpéots.

Non-native species were absent in the slash-reteahd control plots prior to
logging, and represented only about 3% of overalkc in the slash-removal plots prior
to harvest, a number largely driven by one ploC&C1, which had considerable cover
of two non-native species—hemp nettafeopsis tetrahjt22% of plot) and bindweed
(Fallopia cilinode 8% of plot). These two species were the only-native forbs found
in any of the sample plots prior to harvest. Inatly 5 of 22 slash-removal plots had
any invasive species prior to harvest, a numberiticeeased to 18 of 22 plots by one
year after harvest. By the second year only caghstemoval plot was free of invasive
species.

The original two species of non-native plant issed to 10 species by one year
after harvest, though many of the species weredduhto only a handful of plots. After
two years 19 of 22 slash-retention plots had a&tleae non-native species (mean 2.3
species/plot), and 18 of 19 slash-removal plotsdiddast one non-native plant species
(mean 2.7 species/plot). The total species richonéaon-native plants had increased to
at least 15 species. These numbers representi@uninpresence, as some species may
have been found outside of plots, and others pteddrere as a single taxa—such as
non-native thistles—Ilikely contained more than species. Further, | did not identify
grasses, reeds, or sedges to species, and anyatiea-graminoids would have escaped
notice. This is especially noteworthy as seveoal-native grasses are known to invade

recently logged
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boreal forests, including smooth brome gr&®nus inermiswhich is noted as being of
particular threat (Sumners, 2005).

As explained in the methods above, each vegetptains an average of the
values of four, 1 msub-plots spaced 2.82 m. from a central poinbéndardinal
directions. Although looking at the plots does reseal a difference in spread of non-
native species, a difference is apparent in consig¢hese sub-plots, with a greater
proportion of slash-removal sub-plots containing-mative species than slash-retention
treatments (Figure 4.4).

Non-native species also increased their propodfaverall vegetation. By one
year after harvesting non-native species repredeht®o of summed cover in the slash-
retention plots and 8.6% in the slash-removal pl@sth increases were statistically
significant (t = -3.44, df = 22, p = 0.002 and 12575, df = 27.69, p = 0.01 respectively)
though the increase was significantly greatertierslash-removal plots (t = 2.5, df =
23.63,p=0.02). After two years non-native species regmesd 3.8% of the overall
vegetation on slash-retention plots, and 7.8%dashsremoval plots, while non-native
species represented only 1/10 of 1% of overall covéhe control plots. The increase in
proportion of overall cover that was non-natsgecies was no longer significantly
different between the harvest treatments afterygars (t = 1.68, df = 24.4, p = 0.106).

Native species.Native species richness of sample plots declingtits}, but not
by a statistically significant level in the harvegtatments by two years post-harvest. A

Shannon Index of native forb diversity showed didedor both treatments after one
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Figure 4.4Plot of non-native species presence in vegetaaampting sub-plots 2 years

post-harvest.
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Table 4.1Mean values for selected physical characterisincsgroupings of plants: 1)
before harvest; 2) 1 year after harvest; and Jdgafter harvest. Treatments include:
Control (no harvest), Slash-retention (clearcuhwitish retained on site) and Slash-
removal (clearcut with whole tree skidding and/@amanical removal of slash). The
corresponding value columns are mean percent ¢onir the exception of Litter Depth
which is mean depth in mm). Standard errors aparmenthesis. Values between
treatments across a year followed by a differeited@are statistically significantly
different. Change between years within a treatrvi¥, no change (nc)) are noted in
each treatment’A column, and are designated as ns (not statistically fsogmit, p >
0.1), * (p<0.1), ** (p<0.05), *** (p<0.01, **** (p<0.001). Differences between
treatments in magnitude of change are noted whege@pmore treatments has a
statistically significantly stronger response (pG8) than the others. Two treatments
may have similar values within a year, but may stibw statistically significant

differences in how they changed.
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Condition Status Control Retention Removal
Value A Value A Value A
Before 68.8% (1.96h 57.1% (3.27 74.4% (2.713
Overall
After 1 76.4% (2.25n AN a 46% (4.65) W+ b 71.7% (4.65n Wns b
cover*
After 2 72.7% (1.86R AN a 79.5% (2.7b ANFFEE ] 88.3% (1.57k ANFFEE ]
Before 100.6% (4.75n 80.9% (4.72p 109.5% (5.46n
Summed
After 1 86.5 (6.51)a W** g 59.0% (5.64) Wrxx g 91.8 (6.98R V* g
Cover**
After 2 93.6 (5.28rn VYns a 129.2(6.51p ANFFEE ] 145.8 (5.50p ANFFEE ]
Before 44.3% (3.45p 26% (2.33)p 40.5% (4.45n
Native forbs
After 1 37.3% (3.14p Wns a 11.4% (1.43)p wrex | 14.1% (1.42) N
(All species)
After 2 44.4% (3.16) a nca 25.4% (2.43)p Wns a 29.8% (3.37p V*p
Before 24.8% (2.18n 21.3% (2.45n 34.4% (3.75p
Native forbs
After 1 22.7% (1.82p Wns a 7.5% (1)b wrex | 10.1 (1.24)b wres
(NBLA)?
After 2 31.8% (3.2m AN a 17.4 (2.06p VYns b 20.8 (2.11p Ny k5
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Invasive Spp After 1 0.0% (0.0)a nca 1.8% (0.57pb ANFR* 9.75 (2.67¢ AN** C
After 2 0.0% (0.0)a nca 6.74% ()b ANFFEE | 13.7% ()b AN b
Before 0.1% (0.11)a 0.6% (0.54). 0.3% (0.17)a

Bare ground After 1 0.6% (0.21)g AN q 5.8% (3) & Ans, ab 11.7% (2.9b ANFREE b
After 2 0.6% (0.32r Ans a 2.5% (0.91pn AN a 9.9% (2)b AN *FF* |
Before 41mm (1.95n 37mm (2.54nb 33mm (2.59p

Litter Depth After 1 43mm (3.72R Ans a 25mm (3.85p W b 19 (3.31)b x|
After 2 48mm (3.06h AN a 20 mm (3.77p Ny ##5k 19mm (3.3 %

Native forbs only, not inclusive of graminoids erris.2NBLA: No bigleaf Aster E. macrophylla
* Overall cover: Fraction of plot covered by anysgalar vegetation.
** Summed Cover: The sum of all taxa coverage. Mageed overall cover and 100% due to layering.
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year (retention: H’ 1.213 -> 0.691, t=5.093, df28b,p < 0.001; removal: H’ 1.229 ->
0.819, t=3.563, df= 38.996,< 0.001) but native forb diversity had largely reemd in
those treatments by the second year (retentiod.202; removal: H’ 1.219).

While species presence was not immediately impacteanges in the prevalence
of some species and some groupings of speciesolssrved. Both treatments showed
a statistically significant decrease in the surtotdl cover represented by native species
after treatment, and slash-removal plots showe@ater decrease in the amount of
native species cover in both years relative torobaind slash-retention plots. Slash-
retention plots showed a statistically significdatrease in native species cover relative
to control plots after one year, but by the secpeat after harvest the plots had improved
enough to no longer be statistically significardifferent from control plots.

Native species cover was dominated by a few conspegies, most notably
bigleaf asterEurybia macrophyllawhich is among the most frequently occurring
herbaceous species in this region (Reich et aRR0Rigleaf aster was weakly but
positively affected by both slash treatments, iasieg by non-statistically significant
amounts on the harvested plots, and decreasingegoaired controls. When | dropped
E. macrophyllarom consideration native cover was lower for biodatments relative to
control in both years, and slash-removal showeaee mstatistically significant drop than
slash-retention for both years (year 1: t=-2.7183d.73, p = 0.01; year 2: t=-2.682, df=
28.79, p = 0.01).

Additionally, native species cover loss was gnehyea statistically significant

margin in the slash-removal than slash-retentieattnents and was slower to recover as
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Figure 4.5PIlot of native forb cover in treatment plots befbegvest, 1 year after harvest,
and 2 years after harvest. Numbers above the eoheading indicate mean percentages

for that sampling period.
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well (p=0.01 both years) at least in the immediate termivi® years after logging
native forb species cover excluding bigleaf asteghe slash-retention treatments had
improved enough (only 3.5% below pre-treatmentlEv® no longer be statistically
significant, while the slash-removal treatment wti$ down 15% from pre-treatment
levels £=0.004 compared to pre-existing cover). Non-naspecies filled the void left
by native species cover, and in fact overall veigetacover was greater in the treatment
plots two years after harvest than it was pre-harv&he fraction of this cover that was
native forbs had fallen however.

Prior to harvest native forbs represented 26%h@®summed vegetative cover on
the control plots, 28% in the slash-retention pl8i$6 of the slash-removal plots, with
the remaining cover made up of grasses, shrubdeamsl By two years after harvest
these ratios were 35%, 13% and 14.5% respectivihe decreases for the harvested
plots were significant (slash-retention: t = 4.db5= 26.71,p < 0.001; slash-removal: t =
5.34, df = 30.13p < 0.001). Changes in the fraction of summed cdvatrwas made up
of native forbs were also significantly differenbiin control for both slash treatments
(slash-retention: t = 5.68, df = 40.94= 0.001; slash-removal: t = 6.68, df = 37.835

0.001) but not from each other.

Liliales.—Though each individual species was a small enoogiponent of the
community to make year-year comparisons diffiaaltaggregate the Liliales showed
statistically significant declines in cover aftegdtment relative to prior levels and a

statistically significant reduction in cover relaito control. The reduction was greater
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the first year following harvest, and had improvgcthe second year, but coverage was
still lower than pre-harvest levels for both treahts. Differences between the harvest

treatments were not statistically significant faher year.

Graminoids.—Graminoids showed a positive, but delayed resptmbarvest (Figure
4.6). After a single year post-harvest there watsarstatistically significant change in
graminoid cover, but after two years grasses cavanauch larger percentage of the
plots for the harvest treatments than they had poibiarvest (retention: 12.5% ->37.2%,
t=-3.67, df=28.33, p = 0.001; removal: 13.6% ->286, t=-3.58, df=32.82, p = 0.001).
Control plots lost graminoid cover over those tveans (14.2% -> 8.6%, t=2.05,
df=26.42, p = 0.05). There was not a differencgraminoid cover between the
harvested plots (t = 0.12, df = 38.52, p = 0.9utyh both the retention and removal
treatments had more grass than the control plets4t56, df = 22.2p <=0.001; t = -
5.29, df = 19.45p < 0.001 respectively).

Grasses and sedges also became a more dominantreemhpf the plant
community in both treatments after harvest compawgate-existing conditions and to
controls. As noted above, some of these plantsbeayn-native or even invasive, but |
lacked the skill to separate non-flowering grassedke field. Prior to harvest grasses
and sedges combined represented 14% of the totat ¢all taxa summed) in both slash
treatments. By two years after harvest theseg izl increased to 28% (t =-2.81, df =

32.30, p < 0.001) and 41% (t = -2.65, df = 35.9¢,@001) while grasses actually
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Figure 4.6 Plot of graminoid cover in treatment plots befosevest, 1 year after harvest,

and 2 years after harvest. Numbers above the eoheading indicate mean percentages

for that sampling period.
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declined as a percentage of cover in the contoblLl3%-9%; t = 1.89, df = 27.82, p =

0.07).

Ferns.—ern cover decreased in all treatments—includingrobplots—however plots
in which the slash was removed showed a steepénéeican corresponding plots with
slash-retention (t = -2.80, df = 20.54, p-value.&1). Ferns were not equally distributed
across treatments, but covered a much greater gir@pof slash-removal plots prior to
harvest than slash-retention plots (Retention: ~4&@%erage of plots; Removal: ~19%
cover of plots; t =-3.73, df = 27.93, p-value 8@L. Prior to harvest ferns were absent
in 12 of 23 slash-retention plots, compared to énbf 21 slash-removal plots with no

ferns.

Bryophyte moss.Mosses declined statistically significantly in hestplots from

roughly 5% of plots to less than 1% one year dftevest. Control plots also lost a non-
statistically significant amount or moss. Thereswat a statistically significant
difference in loss of moss cover between the hatvestments, nor was the loss of moss
cover in either harvest treatment significantlyagee than that in the control plots. By
the second year after harvest moss was beginniregtwer, with small but statistically
significant increases in cover. Moss was still @aken component of the plots in harvest
treatments than it was prior to logging, but thiéedénce continued to be non-statistically

significant with respect to control plots.
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Club moss.—Lycopodiuspp. showed the inverse to the relationship evaisf
demonstrated: they were much more frequent compeménhe slash-retention
treatments than the slash-removal treatment plads {@ harvest, covering an average of
14% of slash-retention plots, versus only 1.7%ladlsremoval plots (t = 3.16, df =
24.43, p-value = 0.004) again making meaningful gansons between treatments
problematic. Lycopodium cover did not show a digant decrease in either the slash-
removal (1.73% -> 0.7%, t = 1.088, df = 24.8% 0.287) or control plots (3.91% -> 2%,
t=1.01, df = 31.24p = 0.32). The club mosses did decline in coveedtg harvest in
the slash-retention treatment plots (year 1: 13.96%22 %, t = 3.37, df = 22.4p5
0.003; year 2: 1.81%, t = 3.19, df = 21.64, p 08)0 A log transformation of the data

did not change any of these relationships.

DISCUSSION
Slash-removal following clearcut logging resultadhigreater loss of native species
cover, and a greater increase in both bare gronddaver of non-native species relative
to clearcut logging with slash-retention. Theregaeveot statistically significant
differences between the harvest treatments foeregpecies richness or diversity, cover
of grasses, or total vegetation cover (sum ofaxia].

Previous researchers have compared the changEsmircpmmunity after
disturbances from fire, insect outbreaks, or loggmboreal systems and have found the
community to be resilient to a single stressor—egifire, or insects, or, logging—but

note more changes in the community as the sewaritye disturbance increases (Donato
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et al. 2006; Kurulok and Macdonald 2007; Pidgen lsliadlik 2013). A similar
phenomena appears to be at work here: harvesting lehanges versus no harvesting
but slash-removal led to larger changes that wene mpersistent for some metrics.
Many impacts were similar between the harvestslendthers—such as those noted
above—were statistically significantly differenih most cases where there were
differences the slash-removal treatment yieldezka favorable outcome for wildlife or
natural conditions than did the slash-retentioattreent.

Contrary to prediction, there was not a statislycsignificant difference in
response of graminoids between the treatmentsgthbath harvest treatments
experienced a statistically significant increasgrimss cover after harvest compared to
pre-harvest levels. Other research has foundaease in graminoid cover following
harvest, including Harvey and Brais (2002) who fbgnasses and sedges increased in
cover in plots along skid trails much more thapiiatected harvest strips not impacted
by machinery. Peltzer et al. (2000) found gras®cto increase with increasing severity
of post-harvest site preparation, with the lowedugs for naturally regenerating forests,
and increasing as more equipment was used to kligtarsoil for tree regeneration. The
absence of a difference in overall graminoid cdyatween the two harvest treatments is
worth noting. Grasses and sedges have been ingalicainhibiting tree regeneration
(Frey et al. 2003, Kemball et al. 2005, Liefferaktl993; Palik et al. 2003; Peltzer et al.
2000) and given the prevalence of this practic® éhcouraging that the greater

scarification associated with the slash-removalnditincrease grass cover. There was
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also no relationship between grass cover and nfdnbecover, indicating that grasses
were not negatively affecting the overall nativebfaommunity either.

As predicted, non-native species—both richnesgugacy in plots, and percent
cover inside plots—increased after logging in hateeé sites. There was also a
difference in invasion between slash-retention fladh-removal sites as hypothesized,
with greater gains by non-native species in thehsteamoval treatments. This is likely
due to the greater scarification associated witblevktree skidding and the increased bare
ground associated with the removal of CWD. Thasliing is consistent with other work
that has found greater mechanical site manipulatiomg and after harvest increases
non-native species colonization (Haeussler etGfl22Haeussler and Kabzems 2005;
Pidgen and Mallik 2013; Scheller and Mladenoff 208&wart et al. 2010).

It is important to note that the differences folnaile between the treatments are
measured one and two years post-harvest. Diffesecauld increase or decrease with
time, however by two years out it appears thasthsh-removal treatments may be
slower to recover from the logging than the paskegh-retention plots. Harvey and
Brais (2002) tracked plots for seven years aftevdst. They found that differences in
Rubusstem density between plots took three years tagamerhese same differences
had begun to lessen by seven years post-harvestigloa still noticeable. In the same
study grass cover was still greater in skid trdibn either strip edges or strip centers
after seven years. Further work with the sitethis study is advisable to determine how
long of a recovery lag there is between the sidesyen if the differences persist for the

length of the harvest rotation (about 40-70 yeargHese forests). The degree to which
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these differences are maintained over time betwleeharvest types should inform any
updates to the Voluntary Site-Level Guidelines.

The native plant community of the boreal forestidapted to disturbance, and the
frequency of disturbance has selected for a plamingunity that can tolerate a wide
range of environmental conditions, including diffieces in light and water levels. The
forests investigated here were also second grow#sfs, and likely any truly shade
dependent species had been removed from the conynmyprevious harvests. While
there was a drop in native species richness irs jpibboth harvest types in the first year
post-harvest, plot average species richness hatglessd back to pre-harvest levels by
the second year. Competition with non-native sggeniay pose a greater threat to
individual native species tenure in the plots ttrenflush of light and drier conditions
immediately post-harvest.

A temporary change in community composition iéoexpected following
disturbance, the magnitude and tenacity of the ghane the metrics of concern. If
specific species are locally extirpated rather thianply reduced in numbers, recovery
will likely take longer. Six species that were fauon fewer than six sub-plots prior to
harvest were not found in any sub-plots by the ség@ar after harvest; two in the
control treatmentSaniculaspp. and-innaeaborealis) four in the slash-retention
treatment Thalictrumspp.,Saniculaspp.,Asarum canadens@yrola spp.) and three in
the slash-removal harvedthalictrumspp.,Pyrola spp., andCoptis trifolia). The native
plant community has also evolved with a limitedewif species, relative to other forest

types. The relationships between species andatugat succession after a disturbance
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may be upset by non-native species, and partigularhsive species. Logging that
increases invasive species richness and abundamcbamper normal post-disturbance
succession/recovery. In this research, the egtreoval of the slash did result in greater
invasion of non-native species. Haeussler e2@DZ) found a similar relationship
between invasive species cover and intensity ofagament (increase in mechanization).

The extra impacts of the slash-removal treatmemntileely due to the increase in
machinery use on the site, and the dragging of evtreks across the harvested area.
Purdon et al. (2004) hypothesized a similar impg@eohachinery on forest floor to explain
differences between salvage logged and non-salVagests following fires. It is not
possible with this design to separate out the pteppoof impacts due to the harvest
method from the simple absence or reduction of woodterial. The Carlton County
site may come close to this ideal, with the sla&haved mostly by hand with chainsaw
and all-terrain-vehicle. It is unlikely, howevénat one rotation’s worth of removed
wood would have a substantial impact on the vegetaivere it not for the damage
caused in removing it.

Haeussler and Kabzems (2005) compared bole-oniyebaand whole tree
harvest with post-harvest slash removed by madnome outside the sample plasd by
hand inside the plots, and found no detectablemiffces in vascular plant community
response. Alternatively, Harvey and Brais (200@)ated post-harvest plots in the center
of skid trails, along the edge of protected hargégps (which had no vehicle

compaction) and in the center of the protectedéwdrstrips. These authors found
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statistically significant differences in vegetati@sponse between the plots, with grasses
a much more dominant component of skid trails tin@nprotected strips.

| intentionally made no attempt to shield vegetafots from logging activity,
and loggers were not made aware of plot locatibthe results from Haeussler and
Kabzems (2005) are a realistic expectation of tqust community response to the
disappearance of CWD—as opposed to the mechaeitaival of CWD—that would be
further evidence that it was the impact of the nraety and the removal method that
impacted the community. The impact of stackingtoegs in smaller, scattered piles and
bringing the de-limber to the cut trees, rathentdeagging whole trees to one location
for de-limbing was likely the greatest differencsveen the sites. Dragging of whole
trees scoured the forest floor and damaged ordkillederstory shrubs, while the scattered
delimbing of trees left behind a more homogenoastaing of limbs upon which the
machines traveled with less impact on the soil.

However, the hypothesis that whole-tree dragging fame for the difference
between the treatments finds little support in mparison of the two sites. CFC1, with
whole-tree skidding at the time of harvest, andtGay where | removed excess logging
slash with an ATV, did not differ statistically sidicantly in response of native forb
cover or bare ground. The slash-removal treatroer@arlton had only about half as
much non-native species cover as the same plog®&-@1, but the difference was not
statistically significant. Since | did not witrgethe harvest on this site, | cannot speak to
the exact methods used, and too much time had gp&sseeliable recollection from

those who were involved. It seems possible thattewer extra mechanization the
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loggers used, plus the extra mechanization of moxel, had a similar impact as the
whole-tree skidding on CFC1.

| would argue it is likely that the greatest imgacbme from the level of harvest
traffic itself. The skidders on the slash-retemtsites moved only bole wood, and stuck
to defined trails, while the machines moved acthesentire harvest in the slash-removal
treatments. Zenner et. al (2007) attached GP3ve¥sdo skidders on a logging site in
north central Minnesota to more precisely gaugeettient and intensity of vehicle traffic
in an aspen clearcut. They found nearly 1/3 ofsiteewas affected by skidder traffic,
and that over 7% of the site experienced > 100ckelpasses, with a high of 603 (Zenner
et al. 2007). Soil compaction and reductions peassucker vigor were noticeable after
only a single pass, and the bulk of the impact oeclin the first ten passes (Zenner
2007). Zenner et al. (2007) pre-determined skidistand thus could place sampling
effort accordingly. | did not do that here, andmat quantitatively separate plots on or
adjacent to skid trails from those that were fartngay. Qualitatively, it was quite
obvious where vehicle traffic was most intense, tedplots nearest well-used trails on
the slash-retention treatments had higher ratesmative species and bare ground
cover. Skid trails were still visible from sat&dlimages five years after harvest.

Biomass harvest is unlikely to directly affect IbaBundance of most native
forbs, but has the potential to open the sitesacemon-native and potentially invasive
species, and possibly impact native species thrthigltompetition as more time passes.
From this work it seems that the extra mechaninatiguired to harvest the slash has

more impact on the forb community than the fractdthe slash that is removed.
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Harvest should proceed with caution until the loaign impacts on native and non-native

species are known.
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Chapter 5
Impact of Woody Biomass Harvest on Small Mammals

Introduction

Small mammals play many roles in forest ecosystambjding serving as seed
dispersers, insect predators, primary consumedsaama prey source for mammalian,
avian, and reptilian predators. Coarse woody dabrimportant for many small
mammals (Bowman et al. 2000; Bull 2002; Butts antCdmb 2000; Carey and
Harrington 2001; Fauteux et al. 2012; Fisher antkM&on 2005; Johnston and Anthony
2008; Keinath and Hayward 2003; Loeb 1999; McCaylkomoroski 2004; Moses and
Boutin 2001; Riffel et al 2011; though see Craigleé2006), and even their predators
(Andruskiw et al. 2008). Coarse woody debris pdesgismall mammals many services,
including nesting/denning substrate, cover, andcsoaf food including fungi (Maser
and Maser 1988; Rhodes 1986), and insects, asawsltiucture that can provide for
habitat partitioning (Carey and Harrington 2001afkiey 2008) and movement corridors
(Bowman et al 2000; Pearce and Venier 2005).

Results from work on the effects of forest hanessmall mammals are
inconsistent (Kirkland 1990; Pearce and Venier 2B8el et al. 2011; Thompson et al.
2003; Zwolak 2009). Impacts may vary by specieedt type, climate, and silviculture
methods and goals, arguing for research matchspdaific situations (Kirkland 1990;
Pearce and Venier 2005; Sullivan et al 1999; Safliand Sullivan 2001; Sullivan et al

2001; Thompson et al. 2003).
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In this chapter | evaluate differences in the resgoof the small mammal
community across harvest treatments before andlateest following the BACI
(Before-After, Control-Impact) method. At the carethis study is the question of
whether the difference in net CWD post-harvestc$fd) the size and diversity of the
small mammal community, and 2) the local abundaswejival, and demographics of
specific small mammal species, focusing on the roostmon species.

Small mammals were chosen as study organisms keeocatiseir population
density, short life-spans, and small home ran@ase known problem with using small
mammals such as mice and voles in this type ofrekas the cyclic nature of their
populations, both within and across years (Etclrgvadral. 2005; Pearce and Venier
2005). Local populations of small mammals in bbsgyatems build through the summer
and early fall, decrease in late fall and oventirger and reach a nadir in spring, before
building again through the summer. As such, comspas across months even within a
year are not always informative. Populations alsange over years confounding
inferences of what is the treatment effect and whbackground fluctuation. Pairing the
treatments with immediately adjacent controls, gésigg the harvest across sites by a
year, and trapping across most of the snow-freewaa intended to address these issues.

| hypothesized that the total small mammal abunelamuld increase following
harvest, and that both total population size atal small mammal biomass after

treatment would be smallest in the control plots Emngest in the slash-retention plots.
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The small mammal community in northeastern Minnesotominated by a few
very abundant generalist species (deer niteedmyscuspp), southern red-backed
voles Myodesgapper), andnorthern short-tailed shrewBlérina brevicaudd, and a
few common sciurids (Easterfigmias striatusand/or least{amias minimischipmunk
and red squirrelsTamiasciurus hudsonic)s with lower numbers of species with
narrower niches (J. Erb and M. Rentz unpublishéd; damm 1975). Even these
narrow-niche species are generally not old-fore€€\WD specialists, but are either
associated with wateprex palustris, Synaptomys cooperi forest openingdMicrotus
pennsylvanicudPoliocitellus franklini). As such | did not expect species richness to
change over time within the plots regardless ddtireent, though | did expect diversity to
remain steady on control plots and decline on dredsted treatments Beromsycus
spp. abundance increased. | also expected thed¢atnents to differ in degree of
change; with slash-removal treatments likely becgnmore dominated by mice than the
slash-retention plots and showing larger declines@asures of diversity. | anticipated
that overall abundance post-harvest would be hightire slash-retention plots compared

to the slash-removal plots.

Methods
The study followed the overall project's BACI metlubogy, with mammal surveys both

before and after intentional site treatment, anadjacent control plots. This design was

" As noted previously, two speciesRéromyscugpotentially exist in the regiof®. maniculatusandP.
leucopus. Field differentiation can be difficult, and fiefdeasured morphometrics are only somewhat
reliable. Analysis of morphometrics reveals thaihbspecies were present on all sites and treasnterhh
before and after harvest.
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replicated in full at each of 3 sites: CFC1, CF@j] Carlton. | trapped small mammals
for two years prior to treatment to establish aebas and for one to two years after

harvest depending upon the site.

Trapping.—For field season 2005 | used only Sherman foldimdy @itfall traps.

Beginning in 2006 | used a combination of Shernwdirg traps, Ugglan Special #3 and
Fitch-style traps. Sherman traps had underperfdriméhe previous season, and |
wanted to compare their performance with other comtrap&. | treated all live box
traps equally, with common bait, bedding, and pleeet. In all years | ran a series of
live pitfall traps.

| ran traps for four consecutive nights in May, duduly, August, September,
October, and November on the two CFC sites in 2808,0ver the same period for all
three sites in 2006, 2007, and 2008. Trappingspasadic and opportunistic in July to
avoid capturing animals in what is typically thettest and most humid month. For
analysis | consider each four night run as its gwmary period.

Each site was divided into three separate harvegtnents. Each harvest
treatment was assumed to be independent of otrantents. Treatments across a site
were trapped on the same nights. On each tramied laid out a 4 by 5 trapping grid
of 20 trapping stations with 20 meter spacing (~Ha%otal enclosed by traps). At each
trap station two traps were placed independentliziwithree meters of the trap center. |
intentionally maximized capture probabilities byliming best available microhabitat

within this three meter radius. When using alééhtrap types | cycled them between the

8 See Chapter 6 of this thesis for descriptionsgratographs of the traps.
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stations in alternating pairs (Sherman/Ugglan; SlaevFitch; Fitch/Ugglan), with each
type of trap missing from every third station. the first and last trap station all three
types were used. Thus, for the years 2006-2008 teeatment consisted of 42 total
traps, 14 of each type.

Traps were baited with “bait balls” consisting ob&ked oatmeal and a chunk of
raw potato (source of water) wrapped in waxed papait balls were hung from the
back door of the trap in Sherman and Ugglan tragazed in the nest box of the Fitch
trap. | replaced bait balls when they had beeswoed or if they became moldy. |
chose bait balls over loose bait such as oatsrdrsieied to prevent gumming up of trap
mechanisms, to ensure more consistency in bainveland quality between traps, and to
determine if bait had been disturbed or not. leada small volume of polyfill batting
(roughly the same volume as a mature mouse) inteagtior bedding, and covered traps
with cedar shakes to prevent the metal traps freemheeating. Traps were checked at a
minimum once daily in the morning.

Ideally, traps would have been checked twice dailpcked open during the day,
however limited field personnel and the remotermésome sites made this difficult.
Traps were checked twice a day in 2005, and captlugng the day were minimal (63
captures over 48 calendar nights of trapping)light of the low rate of capture in 2005
and the greater remoteness of the sites added @thich made two trips a day
prohibitive) | made the decision to drop the aftenm check and treat each of the sites
alike. I minimized thermal stress on captured asnby shading traps under existing

vegetation where possible and covering all tragih wedar shakes to minimize solar gain
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on the metal traps. Chunks of raw potato were édal¢he bait balls as a source of
water, and these were frequently chewed on by édppmimals. Finally, trapping
periods were deliberately chosen to avoid the Bbfieriods of the year (late June
through early August), and during the trapping sedsvould delay opening traps for a
particular run if the forecast indicated unusualther end a run early if heat became a
problem.

Along with the live trap grid, each location alsadha four trap live pitfall array,
in a Y configuration with pits at the end of eacmand in the center. Arm lengths were
5-10 meters long, constructed with aluminum flaghinried at least 5 cm into the
ground, and at least 20cm tall. The pitfalls w&sem square and 33cm deep and
constructed of durable plastic. Pitfalls were déxdivith whole oats and bee moth larvae
(Galleria mellonellg, stocked with 10-20cm of coarse wood sawdustheattian
overhanging plywood cover suspended over the tragpdvide shelter from sun, rain,
and meso-carnivores. Each pitfall also containechall plastic tray filled with water
and a synthetic sponge. The water setup was plaitke@mphibians in mind, though
small mammals were also observed either hiding wimae utilizing it. Pitfalls were
locked closed when not in use with bolts and cqties.

Although trapping occurred from May-November oflegear capture rates were

very low in May and were excluded from the analysis

Marking and measuring of animalsldpon initial capture animals were identified,

weighed, sexed (rodents only), and marked. | nthridents with a single ear tag
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(Monel #1005-1, National Band and Tag Company) stréws Blarina brevicaudaand
Sorexspp) with a Visible Implant Elastomer (VIE) tag (Novtest Marine Technology,
Shaw Island, Washington). In response to freqleesies of ear tags M. gapperil
began tagging this species with both ear and V4E& a the 5 and 4" seasons (2007 and
2008). For all species | applied the VIE tags tigtoinjection of the elastomer in the
underside of the tail with a 29 gauge insulin syein A small (<0.01CC) amount of the
mixed elastomer was injected sub-cutaneously. Ubsexjuent captures animals were
identified to individuals and weighed.

These methods were reviewed and approved by thieutrenal Animal Care and

Use Committee at the University of Minnesota (PcotdNumber: 0703A03590).

Analysis.—

Closed population models assume that the populatignestion does not change
during the study: no births, deaths, immigratiorigration (Williams et al. 2002).
The population size can then be estimated froncdipéure histories. For example, a
researcher can capture and mark animals on onarghthen re-sample the next day and
look at the ratio of previously captured animalgestimate the population size. Open
population models allow the population to changenduthe study; the population can
experience births, deaths, immigration, and emigmatOpen population models can also
estimate apparent survival (1- (emigration plustality)) in the population by
combining a count of animals known to have surviwéth an estimate of animals that

survived in the study area, but were not re-capiture
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Common to both model types are the assumptionsihall animals present
have the same probability of captr2) No tags are lost or incorrectly read; 3) Sampl
and release are instantaneous; 4) The capturelplitiba of each animal are independent
of all other animals; 5) Capture of an animal doefsaffect its probability of future
capture. Open models also include the assumgtadrall animals present in timéave
the same probability of surviving to sample timel (Cowen 2005; McDonald et al.
2003; Seber 1986; Williams et al. 2002).

Estimates of abundance for the two most frequerathtured speciesi- gapperi
andPeromyscuspp—were derived from application of Pollock’s Rob&sign model
(Kendal 2001; Williams et al. 2002; hereafter “RebDesign”). Robust Design
combines open and closed models into one modebtiupe discrete estimates of
population size within closed periods (the indiattrapping runs, four nights in this
study) and estimates of survival between trappimg when the population is considered
to be open.

Survival for these species was estimated with grengopulation Cormack-Jolly-
Seber Model (CJS; Williams et al. 2002).

As noted above, population and demographic studikse maximum likelihood
estimation to calculate values for the parametergiestion. Several computer programs
have been developed to do such analyses. MARKd€and White 2013; White and
Burnham 1999) is one such program, and has bedoenadustry standard. Program

MARK can be used directly through its own interfacewever an extension for the

° While any of the assumptions can be violated gtlae extensions to the basic model specifically to
address non-constant capture probabilities. Thaemsaised here did not use these extensions.
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open-source statistical program R has also beeslalgad. All analysis is done inside
MARK itself, but the R programming interface allofes more rapid testing of models,
with more flexibility in model design than the sthalone program MARK. In either
interface, investigators select the appropriateufgan modeh priori and MARK
produces parameter estimates from the supplied diathe case of the Robust Design
Model used here the estimated parameters are gmputdze, survival, immigration,
emigration, and capture probability. The data tnpweapture histories for each
individual animal. For the CJS model, the captistories are collapsed to a single
value for each trapping period (either capturedat).

The Robust Design and CJS models described abewgeaeral models, which
can be further modified by adjusting parameterachEmodification is itself a model; a
Robust Design model where immigration/emigratioaliswed to vary between each
trapping period is slightly different than one ihiah they are held constant, and in turn
is different from one in which they are constraine® (no immigration or emigration).
Each sub-model will produce different values fax farameters being estimated, making
model selection an important step.

Model selection was done here using Akaike’s Infation Criterion (AIC;
Williams et al. 2002), which balances overall fitomodel to the data and the number of
parameters included in the model. Models thatlaeanost parsimonious—models that
explain the data well with fewer parameters needpbduce the smallest AIC scores
and are considered the most appropriate modeknfesxample, a Robust Design model

may be more parsimonious if it sacrifices model plaxity by holding survival constant
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across each gap between sampling, rather thaniafjissmrvival to vary. True survival is
unlikely to be constant, however the model maydpédit the population size data by
doing so.

Robust Design models with constant survival haceloMC scores than models
with variable survival. Hence, although this modetapable of estimating apparent
survival rates, survival was instead estimatedpeddently of population size with a CJS
model. Generally survival estimates from the RoiMisdel were similar to the CJS
estimates, though only the CJS results are prathete.

| used RMark to test multiple Robust Design mod@igpopulation size
estimation, and chose the best-fit model via AEach year-site-species combination
was independently estimated, and best-fit modets alowed to vary between each
combination. | used MARK for survival estimatioma CJS model on all years of each
site-species combination, and report here an Al€ighted average survival from best-
fit models.

Abundance of species other thdngapperiandPeromyscuspp. is presented as
Minimum Number Known Alive (MKA), a total enumerati of all captured individuals
within a primary period. | was not able to estienatirvival for these species due to low
re-capture rates.

| calculated indices of diversity for each trappsegsion on each site-treatment
pair using MKA for all other species. | selectdthBnon’s Index of Diversity to favor
rare species; this measure reflects the divers$itlyeopopulation by calculating

uncertainty of predicting the species of an indiborganism selected at random from
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the population. As the number of species risesitfoertainty (and hence diversity) does
as well. The Index also factors in the proporbreach species to the community total;
a community with four species but which is domiddbg a single species is less diverse
than one in which the four species occur in rouggyal numbers.

| also calculated Pielou’s Evenness values foctmbination of red-backed
voles and mice for each session-treatment-site cwtibn. Pielou’s Evenness is a
measure of how close the calculated Shannon’s Bityasf a community is to the
maximum possible value given the number of spediéay values for survival and
evenness were included in this analysis.

| compared abundance, survival and weight of arspes well as measures of
evenness and diversity within treatments beforeadtst harvest with T-tests. |
compared values between treatments within a hastats with paired T-tests.
Significance is considered to be evident when0.05, and is considered possible when
p < 0.1. Because of the low degrees of freedomilplessith so few sites, | note when
tests give significance values between 0.05 and 0.1

Within the trapping grid | established 12 vegetatampling plots. Each plot
was equidistant from the nearest 4 trapping poegsentially a nested sub-grid inside the
larger trapping grid. In this way the vegetatidotp were sited to avoid impacting the
plots during the normal course of trapping. Ple¢se only visited when sampled, and all
other foot traffic was kept away from the plots.ith\this design it was not possible to

directly characterize the vegetation and CWD aBa point, but the trap points could be
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described as an average of adjoining vegetatias.ploneasured vegetation cover, shrub
stems, and CWD at these points before and afteebiar

| calculated total surrounding CWD for each tragaliton by summing CWD in
adjacent vegetation survey plots and regressedreagtes for voles and mice against
these values. A full description of the vegetatimel CWD methods and results is found

in Chapters 2, 3, and 4 of this thesis.

Results

Trapping resulted in 4,838 total captures of 1,ir@dviduals over 29,053 trap nights. |
recorded at least a single capture of 15 mammadiamphibian, and 1 snake species.
Of the 15 mammal species, only 2—deer mRerémyscuspp.) and red-backed voles
(Myodes gappe)yi—were caught in sufficient numbers for analysithvilark-Recapture
techniques. Three additional species—masked s{8evex cinereysnorthern short-
tailed shrewBlarina brevicaud3 and eastern chipmunK#&mias striatuswere captured
frequently enough for statistical analysis usingimum numbers known alive at any one
time. This community assemblage is common forthébin this region, which are
typically dominated by eithdPeromyscuspp. orM. gapperj followed by lower
numbers of shrews, squirrels, and other vole andsegpecies (Erb and Rentz,
unpublished Data, Timm 1975).

Overall capture numbers for amphibians were lovh lbatfore and after harvest.

Amphibian capture totals are presented in Tabletfutlare not otherwise analyzed here.
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Table 5.1 Total Captures*

Species Control Slash-retentionSlash-removal

Before After Before After Before After Total
Peromyscuspp 480 332 409 346 452 275 2294
Myodes gapperi 149 86 166 503 160 442 1506
Blarina brevicauda 37 24 80 5 58 11 215
Tamias striatus 70 43 99 33 127 3 375
Microtus pennsylvanicus 4 8 7 5 4 9 37
Sorex cinereus 31 44 51 4 57 12 199
Sorex hoyii 1 0 0 0 0 0 1
Sorex palustris 1 0 1 0 1 0 3
Sorex arcticus 1 2 0 2 1 2 8
Tamiasciurus hudsonicus 0 4 3 0 2 0 9
Poliocitellus franklinii 0 0 0 1 0 0 1
Zapus hudsonius 2 0 0 1 0 1 4
Mustela erminea 0 2 1 6 1 4 14
Glaucomys sabrinus 1 1 1 0 1 0
Synaptomys cooperi 2 0 0 1 0 0
Condylura cristata 0 0 1 0 3 0 4
Bufo americanus 9 22 7 2 15 5 60
Rana sylvatica 5 22 12 7 20 0 66
Ambystoma laterale 1 19 2 0 6 0 28
Pseudacris crucifer 0 1 0 0 0 1
Rana pipiens 0 0 1 0 0 1
Hyla versicolor 0 0 0 2 0 2
Thamnophis sirtalis 0 0 1 2 0 3
Total 793 610 840 916 911 763 4838

* Note these are total captures and are not c@ddorr variation in trap effort.
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Pre-harvest comparisons:

Pre-treatment population sizes and mean biomagkdsum of all small mammals were
similar across the three treatments on each sitéaarihe sum of sites (Table 5.2). Only
two treatments differed from other treatments withisite; the slash-retention treatment
at Carlton had a higher mean biomass than eitleesl#sh-removat € -3.2, df= 7,p =
0.015) or control plots & -2.59, df= 7, p= 0.036) and the control treatment on CFC1
had a lower pre-harvest abundance (but not lowmnass) than the slash-retention

treatmentt(= -2.02, df= 7,p = 0.08).

Post-harvest findings:
Biomass and community population responge.the two years following harvest, slash-
retention plots had higher overall captures (adicégs summed, Tables 5.1 and 5.2),
greater numbers and higher estimated survival cdtesd-backed voles (tables 5.3 and
5.4), and higher values for both species divemnity evenness (Table 5.2) than either of
the other treatments. Control plots showed ldtlange in overall numbers for the small
mammal community from pre-harvest conditions, wifith exception of a decline in mice
numbers on the Carlton site. The slash-removes siéried in response, with a
statistically significant increase in abundanc€RBC1, a non-statistically significant
decline at CFC3, and a significant decline at thdtGn location.

Mean biomass per session of the entire small maroonamunity was

significantly higher in slash-retention (451 grasession) than in either slash-removal
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(385 gramst = -2.07, df = 21p = 0.05) or control treatments (239 grams; t =74 =
21,p<0.001; Table 5.2, Figure 5.1). The retentiantghlso had higher average
community abundance than either the remawval-(.8, df = 21p = 0.087) or control
plots ¢ =-4.21, df = 21p < 0.001). Slash-removal treatments in turn hatidnigalues
than control plots for community abundante ¢3.33, df = 21p = 0.003) and biomass (
=-3.29, df = 21p = 0.003; Table 5.2). This trend in community plagion size (with
Retention > Removal > Control held for all thresi(though not by a statistically
significant margin at each site individually) andsastatistically significant for the sum
of sites. Notably, the trend was present botlénsites with an overall increase in small
mammal abundance (CFC1 and CFC3) and the sitexpatienced a sharp drop in
overall small mammal abundance (Carlton).

On the two Cloquet Forestry Center sites populaiaa and biomass means per
session increased for the harvested treatmentdexrdased for the control plots (Table
5.2). Average calculated biomass for the two adriteatments declined by a non-
statistically significant 40 grams/sessior(0.677, df= 30.92,p = 0.5) and increased by
a non-statistically significant 130 grams/sessiorte sum of the two slash-removal
treatmentst(= -1.53, df= 30.53,p = 0.13). The slash-retention treatments saw an almos
statistically significant increase of just undef2ffams/session € -1.99, df= 28.33,p
= 0.056). All treatments at the Carlton site undart\a statistically significant drop in

biomass and community population size due to armkeal Peromyscusbundance.
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Table 5.2 Mean biomass (grams), Shannon Diversity, Specielsress (SR) and mean abundance (all species) lzafdre
after logging with slash-retention, logging witlash-removal, and no-harvest. Statistical signikieaof intra-treatment
changes is noted, and designated as ns (not sigmifip > 0.1), * (significant at p<0.1), ** (p<@®)) *** (p<0.01). Inter-
treatment comparisons are noted where one or meagients has a significantly stronger respons® (@5) than the others.
Values between treatments within a harvest stallsifed by a different letter are significantly f@ifent. Standard errors are

given in parentheses.

Treatment Mean Biomas$ Mean Shannon Diversity ~SF? Mean Abundance
Before After Before After Before After Before After
All sites
Control 378 (48)a 239 (35)**a  0.797a 0.797nsa 11 11  1946(23)a  13.1(1.92)**a
Retention 411 (59)a 451(67)nsbh  0.883a 0.942nsbh 10 10 21.17(2.89)a 25.88(4.01)nsh
Removal 367 (51)a 385 (55)nsc 0.861a 0.788nsa 11 9 1992 (2.56)a 22.15(3.3)nsc
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Carlton

Control 527 (106)a 153 (32)**a  0.425ab 0.579nsa 6 5 25.84 (5.18) ab 7.4 (1.33) **q
Retention 604 (110)b 255(57)**a  0.638a  0.996nsb 7 7 292 (5.63)a  13.72(3.3)**b
Removal 494 (95)a 220 (67)**a  0317b 0.869*ab 7 5 24.89 (4.88)b  12.21(3.33) *ab
CFC1

Control 348 (59)a 305 (63)nsa 0.985a 0.703*a 8 9 17.04 (2.6)a  16.64 (3.29) nsa
Retention 425 (66)a 701 (109) **b 1.187ab 0.963nsb 8 4 2219 (3.61)b  40.57 (6.74) ** b

Removal 369 (81)a 589(86)*b  1292b 0.820**ab 10 8 20.22 (4.45)ab 33.82 (5.55) * b

CFC3
Control 260 (52)a 218(58)nsa 1.075a 1.020nsa 7 8 15.51(3.1) a 12.69 (3.29) ns a
Retention 199 (76)a 292 (60)nsbh  0.885a 0.889nsbh 9 8 12.13 (4.05)a 16.95(3.35)nsbh
Removal 239 (72)a 258 (52)nsab 1.11a 0.709 ** ¢ 4 7 14.67 (3.68)a  15.25(2.97)nsab

1 Not including sciurids

2 Species Richness: Includes all mammal specidsreapat least once.

3 Sum of population estimates using MR KbrgapperiandPeromsycuspp and Minimum Numbers Known Alive for all
other small mammals, excluding squirrels.
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Table 5.3 Abundance (number per 0.5 ha trapping grid) aretheess oMyodes gapperandPeromsycuspp before and
after harvest in paired treatments of clearcut wifish-retention, clearcut with slash-removal, emratrol. Average monthly
abundance from M-R models (SE). Statistical sigaifce of intra-treatment changes is noted, angjolg®d as ns (not
significant, p > 0.1), * (significant at p<0.1), p<0.05), *** (p<0.01). Inter-treatment compansoare noted where one or
more treatments has a significantly stronger resp@p <0.05) than the others. Values betweemtieras within a harvest

status followed by a different letter are signifitig different.

Treatmen M. gapperi Peromyscus spp Species evenness
t Before After Before After Before
After
All sites
Control  5.39(1.05)a 191 (0.69) ***a 12.77 (2.84)a 8.56 (1.55)nsa 0.51a 0.41nsa
Retention 6.12 (1.17)a  15.6 (3.34)**b  13.51(3.45)a  7.79 (1.28) nsa 0.59 a 0.76 * b
Removal 5.72(1.18)a 12.19(2.43)* ¢ 13.38(2.75)a  6.91 (1.09) ** g 0.54 a 0.59 ns a
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| Carlton

Control 1.63(0.78)a  0.8(0.37)nsa  22.8(52)a  4.64(1.49)**q 0.25 ab 0.38nsa
Retention 238 (1.34)a 7.61(2.56)nsb 25095 (6.38)a  4.25(1.44) **q 0.4a 0.88 *** b
Removal 1.13(0.74)a 4.4 (1.72)nsab 23.26 (499)a 5.46 (2.53) ***q 0.13b 0.6 *ab
CFC1
Control 435 (1.73)a  0.45(0.44)*a 824 (2.11)a 13.47 (2.99) nsab 0.72a 0.18 *** g
Retention 11.64(1.6)b 24.51(6.81)*b 8.03(1.49)a  12.19 (2.15)nsa 0.78 a 0.79ns b
Removal 9.88(1.82)b  22(3.77)**b  9.22(1.56)a  7.42(1.82)nsb 091a 0.62 ** b
CFC3
Control 10.02 (1.33)a  4.13(1.59)*a  3.94(0.89)a  5.47 (0.98) ns ab 0.62a 0.67 nsa
Retention 5.61(1.26)b 10.59 (2.77)nsb 2.42(0.72)a  5.06 (1.26) *a 0.63a 0.69nsa
Removal 7.68(1.87)b 6.01(1.72)nsa 4.37(097)a  7.24(1.72)nsb 0.66 a 0.54nsa
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Figure 5.1 Small mammal biomass on trap sites over time.
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Response of Peromyscus to harveblarrest did not have a statistically significant
effect on abundance estimatesParomyscus There was a notable decline in captures
and abundance estimatesRaromycuspp. after harvest in all treatments on the Carlto
site, but population sizes in all treatments remailargely steady at both locations on the
Cloquet Forestry Station (Table 5.3, Figure 5Rgclines on the Carlton site were
similar and statistically significant across theethtreatments. Mouse abundance
decreased by non-statistically significant leveiglee CFC1 slash-removal treatment (
0.75, df = 12.92p = 0.466), increased by an amount that approadigedisance on the
CFC3
slash-retention treatmert< -1.83, df= 10.68,p = 0.096) and increased by non
statistically significant amounts on the CFC3 cohfr= 1.16, df = 11.94p = 0.270),
CFC3 slash-removat € 1.45, df = 10.63p = 0.175) CFC1 slash-retentian«1.59, df =
12.81,p=0.135) and CFC1 contrdl£ 1.43, df = 12.85 = 0.176) treatments.
Differences in abundance estimates before-afterelsawere not statistically
significant for combined sites due to the diverdiremds between the CFC and Carlton
sites. Combining only the two CFC sites into akranalysis shows a growing
population in the control treatment (before= 6ftgral0.5; t = -1.819, df = 24.47, p-
value = 0.08117), retention treatments (befores &tér 9.4 t = -2.154, df = 26.295, p-
value = 0.04057) and a stable population in thehstamoval (before 6.5, after 7.8; t = -
0.87, df = 30.07, p-value = 0.3912). Pairwise carngons between treatments were not

statistically significant after harvest, indicatitigat the estimated population sizes were
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Figure 5.2 Estimated abundance oPeromsycus spp. on trap sites over time.
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not different between either of the harvested ineatts or between the control plots and
the harvested plots.

Mean weights for mice were not different beforesusrafter harvest for any
site/treatment pairing, with the exception of mite¢he control treatment on the Cloquet
Forest Station Site #1, which were heavier pridndovest than after harvest by an
average of 2.6 grams#£ 2.71, df = 66.09 < 0.01). This result is largely driven by a
single female who was captured while pregnant iftipile months during a period of
low population density.

Mean estimated survival rates féeromyscuspp were consistent between
treatments and across treatment status within @itdsle 5.4). The only exception to this
finding was a statistically significant increasesimrvival for mice on the CFC1 slash-
retention treatment after harvest (22.2% ->49.8%0;2.65, df= 16.15,p = 0.017).
Survival fluctuated across time in each site aadttnent, but it did so in similar ways

between treatments.

Response of red-backed voles to harveAtress the sum of sites estimated abundance
of M. gapperiincreased in both slash-retention and slash-rehtatments, while the
species decreased in control plots (Figure 5.3).a®@individual site basis vole numbers
increased in all but one harvested treatment aockdsed in all control treatments on the
three sites. The changes were not statisticaityifitant in every case (Table 5.3) but
trends were similar across site and the changeslénnumbers were statistically

significant for each treatment when all three sitese combined.
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Figure 5.3 Estimated abundance oflyodes gapperi on trap sites over time.
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Red-backed vole abundance estimates increasedvadted treatments and
decreased in controls (all sites combined: slagmton:t = -2.68, df = 26.05) = 0.013;
slash-removalt = -2.39, df = 30.25) = 0.02). Red-backed vole counts decreased on the
control treatments € 2.77, df = 33.35) = 0.009). The estimated abundance of red-
backed voles was generally higher in the slashmtiete than the slash-removal
treatments, however the differences were not statily significant when looking at data
from both post-harvest yeatsH 1.698, df= 21,p = 0.1). Using only 2008 data from the
two CFC sites (two years post-harvest) a statifisggnificant difference did emerge in
the estimated abundance of red-backed voles betslasin-retention and slash-removal
treatmentst(= 2.63, df = 8p = 0.03).

Mean weights of red-backed voles after harvesewet different from pre-
harvest means for any treatment.

Red-backed voles show a difference in survival,dmly on the CFCL1 site (Table
5.4). Prior to harvest, estimated vole monthlywsal averaged less than 30% on all
three treatments. Post-harvest survival rose sigtestically significant amount on all
three treatments, but the increase was of a sigifiy greater degree on the slash-
retention (to 72%) and removal treatments (to 5&%h on the control treatment (to
38%) t = -4.41, df= 10,p = 0.001;t = -2.31, df= 10,p = 0.043 respectively). The
difference between the two harvest treatments wastatistically significantt(= 1.53,
df = 10,p = 0.16). All other pairings of treatments withitharvest status and within

treatments across harvest status were not statigtggnificant on the other two sites,
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though the strength of the change in the CFCL1 tietetreatment is strong enough to

make the sum of the three sites also significant-@.64, df= 48,p = 0.01).

Response of other specie©#nly two species of shreB( brevicaudaandS. cinereups
and eastern chipmunk$.(striatug were captured in great enough numbers for trend
analysis, and then only on the two CFC sites. @aptwere sporadic and rare on the
Carlton location, and numbers presented below miyefor the two CFC locations.

Captures oB. brevicaudashow an overall abundance decline across the pears
the Cloquet Forestry Station sites. Declines immeumber oB. brevicaude&known to
be alive during any one trapping session weressieily significant for the slash-
retention (from 3.7-0.3 mean animals/sessien2.32, df= 13.29,p = 0.037) and slash-
removal treatments (from 2.9-0.6 mean animals/segs+ 1.98, df= 15.29,p = 0.066),
but not the control treatments (from 2.0-1.0 meamals/sessiort,= 1.01, df= 30.68,p
=0.32). No pairing of treatments showed a siatiBy significant difference iB.
brevicaudaMKA before harvest. Although the decline in shiaited shrews was
statistically significant for the harvested and fostthe control treatments, there was not
a statistically significant difference in abundarmaethe control versus either harvested
treatment post-logging.

There were no detectable changes in mean weighigs brevicaudaafter harvest
for any treatment or site.

As with B. brevicauda, S. cinerewscorded a lower capture rate and lower

minimum numbers known alive after harvest acrosgedtments. Numbers &
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cinereusafter harvest were statistically significantly lemthan those prior to harvest for
all three treatments. The two slash-retentionsgimét an average of 2.2 shrews/session
(from 3.4 animals before harvest to 1.2 after,2.7, df= 18.69,p = 0.014), the slash-
removal plots lost 1.8 animals/session (from 3£2riean MKA/sessiort,= 2.21, df=
19.58,p = 0.039), and the control plots showed a declink.®fanimals/session (2.8-1.0
mean MKA/session, = 2.31, df= 18.31,p = 0.033). Pairings of treatments both before
and after harvest show no statistically significdiffierences in counts between the
treatments.

Among sciurids only the Eastern chipmufik §triatug was caught in large
numbers. Chipmunks were common captures in theldoquet Forestry Sites prior to
harvest, but rare after harvest. Comparisons iphabnk MKA before and after harvest
showed a statistically significant decrease fohlibe slash-retention treatments (a
decrease of ~2 animals/trapping session (2.9/sebsione treatment, 0.8/session aftér);
= 2.82, df= 18.52,p = 0.01) and the slash-removal treatments (a d=dlir8.2 animals/
trapping session (3.4-0.2);= 3.80, df= 15.39,p = 0.002). The decline in the control
plots (from 1.9 to 1.1 animals/session) was ndissieally significant { = 1.26, df=
25.5,p = 0.22).

Prior to harvest, control plots had fewer chipmuthien either removal plots
(mean of 1.5 animals/session differertce,-1.85, df= 15,p = 0.08), or retention plots

(mean of 1 animal/session differente, -1.79, df= 15,p = 0.09). After harvest this
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Table 5.4 Survival ofM. gapperiandPeromyscuspp before and after logging. Statistical significarut intra-treatment
changes is noted, and designated as ns (not sigmifip > 0.1), * (significant at p<0.1), ** (p<@®)) *** (p<0.01). Inter-
treatment comparisons are noted where one or meagrents has a significantly stronger respons® (@5) than the others.

Values between treatments across a year followeddiferent letter are significantly different.

M. gapperi Peromyscus spp
Treatment Before After Before After

Control 0.274 a 0.312nsa 0.43 a 0.503 nsa
All sites Retention 03a 0.52**b 0.403 a 0.475nsa

Removal 0.289 a 0.392ns b 0.436 a 0.5nsa
Control 0.321a 0.341nsa 0.493 a 0.597 nsa
Carlton Retention 0.331a 0.355nsa 0.508 a 0.528 nsa
Removal 0.368a 0.317nsa 0.375a 0.373nsa
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Control 0.139a 0.384 *** g 0.51a 0.531nsa

CFC1 Retention 0.291b 0.724***p 0.222b 0.493 **a
Removal 0.221 ab 0.541 ***p 0.452 ab 0.502nsa

Control 0.367 a 0.215nsa 0.247 a 0.416nsa

CFC3 Retention 0.269 a 0.394 nsa 0.474 a 0.422nsa
Removal 0.264 a 0.274nsa 0.495 a 0.576 ns a
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was reversed, chipmunks were more numerous inaquibts than slash-removal plots
by a statistically significant margin of almost cam@mal/sessiont € 3.77, df= 16,p =
0.002), and slash-retention plots by a non-sigaifi®.35 animals/session= 1.3765, df
= 16,p = 0.1876). Prior to harvest there was not a diffee in chipmunk abundance
between the two harvest typés=(0.71, df= 15,p = 0.49), though there was after

harvest{= -2.58, df= 16,p = 0.02).

Diversity.—Slash-retention sites post-harvest had higher d\v&nannon Diversity Index
scores, a more even small mammal community, andra gven balance between deer
mice and red-backed voles than either of the dtkeatments (Tables 5.2 and 5.3).
Overall, Shannon Diversity decreased across atrtrents on the Cloquet Forestry
Center, and increased on all three treatmentsdto€4Table 5.2). Estimates of
Shannon’s Diversity Index were statistically sigrahtly different pre/post-harvest for
the control and slash-removal treatments on thelC##@, the removal treatment on the
CFC3 site and the two harvested treatments on &nko@ site. The retention treatment
had the highest diversity value for the CFC1 andt@asite, and the second highest

value on the CFC3 site.

Discussion

| hypothesized that harvest would lead to an oVeratease in small mammal total

abundance, but a decline in diversity as a singeiss—expected to BEeromyscus-
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increased and other species declined in propoittioot outright abundance. This
prediction was somewhat borne out on the CFC sitbigh saw slight declines in
Shannon’s Diversity Index scores. On these twesgifarvest with slash-retention
resulted in higher community abundance and biordassity post-harvest compared to
either of the other treatments. Overall commuditsersity scores declined on five of the
six CFC harvest treatments, though only signifiafar the two removal plots, and the
control plot at CFC1. Diversity declines in thentrol treatment at CFC1 are largely due
to the background reduction in shrew numbers aachéar-absence of voles in the post-
harvest period. The similar reductions in shrems ehipmunks but a greater balance in
vole and mice numbers in the slash-retention mrpdains the difference in diversity
values for the two harvested treatments at CFC.

The prediction that abundance and summed biomassalf mammals overall
would increase on harvested areas was supporigouldions grew in estimated
abundance in the harvested areas of the two CEE (gihd were statistically significant
for CFC1) and retained more of their pre-harvesinaiance levels at Carlton relative to
the paired controls. On every site post-harveptlation size and biomass was greatest
on the slash-retention treatments, and lowest edohtrol. The trend appeared
consistent, and adding more sites would likely haygroved the chances of a
statistically significant result.

Although I anticipated a short-term increase inralfe&eommunity abundance, |
had also hypothesized tHa¢romyscusiumbers would increase, while thosevbf

gapperiwould decrease. Previous studies have shown atopuog of deer and white-
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footed mice Peromyscuspp increase after logging while red-backed voldyddes

spp) generally decline in population following timbearvest, and decline in relation to
the proportion of forest removed (Bowman et al. 2@0raig et al. 2006; Le Blanc et al.
2010; Martell 1983; Moses and Boutin 2001; Peanmk\4enier 2005; Sullivan and
Sullivan, 2001; Sullivan et al., 2008; Sullivanaét 2011; Zwolak 2009; but see Gunther
et al. 1983 for a different relationship). On nigtp red-backed voles increased in
harvested plots following logging, and decreaseithénpaired controls. Setting aside the
overall population crash on the Carlton site, malsendance increased slightly in both
control and slash-retention treatmeneromsycusbundance was actually lowest in the
slash-removal treatment, in contrast to expectatard other research which has shown
mice to either be unaffected by severity of distumte or positively affected by it (Craig
et al. 2006; Moses and Boutin 2001).

As the increase in voles was similar across aile3 ¢ find it unlikely to be
simply a result of local, yearly fluctuations oremor in methodology. The differing
findings here may be a result of differences initad&loequirements across its range, or
habitat differences between northeast Minnesotala&ocky Mountains and Pacific
Northwest where most previous work has been done.

There is some evidence that red-backed voles diffeabitat requirements across
their range. The species is known to be assocwaithdntact and older forests in the
West. In more mesic habitats such as those iApipalachians or boreal forests of the
Great Lakes region red-backed voles may not beday clear-cutting as they are in

the more xeric mountain west. My findings areikinto those in more eastern portions
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of the vole’s range like Appalachia (Kaminski et2007; Menzel et al. 1999) and Maine
(Fuller et al. 2004). In Maine Fuller et al. (20@dund voles in multiple habitats, but did
find reduced abundance in regenerating clearddtsvever, Kaminski et al. (2007)
found voles were more abundant in disturbed vensdssturbed habitats. Minnesota
voles seem to have niche more similar to the eagi@rtion of its range than the western;
in prey surveys in northern Minnesota, both themdsota DNR and the 1854 Treaty
Authority (an Inter-Tribal natural resources mamagat agency which manages member
Bands’ access to ceded territory) have found rexkdxhvoles in a wide variety of
habitats (Erb, unpublished data; Wilson 2011). -Backed voles seem to be limited in
the west by cover and access to food and moisRear¢e and Venier 2005). The rapid
flush of vegetation and tree regeneration in theysplots here may have provided
sufficient amounts of each for the voles.

| cannot rule out the possibility that the increhabundance found here is
ephemeral, but the increasing strength of the tneride second year after harvest paired
with the avoidance of the adjacent control plotgleeme to suspect that it is of a more
lasting nature. | saw a difference in vole abunédnetween the harvested treatments
begin to emerge as the study progressed. Whilegtmmated abundance of red-backed
voles is generally higher in the slash-retentiantthe slash-removal treatments, the
difference was not a statistically significant aneen 2007 and 2008 are considered
together. Pairwise comparisons between slashtreteand slash-removal treatments

were statistically significant when 2008 is consatkon its own. | take this to be
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evidence of an emerging trend, and it is posshudt the two treatments will continue to
diverge.

Post-harvest counts Beromyscuspp do not differ significantly from pre-
harvest counts for the CFC sites—though five oftssatments show small, non-
statistically significant increases. There ar®e als statistically significant differences
between the treatments within a site either bedorater harvest. This result does not
support the hypothesis thReromyscuspp numbers would increase post-harvest.

The stark and statistically significant drop ier@myscusiumbers on the Carlton
site was likely evidence of the known cyclicitytbese animals and unrelated to the
harvest. Since this drop also occurred to the saagmitude in the adjoining, non-
harvested control plots, it seemed clear that #redst was not the cause of the decline,
and any treatment effect was masked by the backdroycle. The Carlton site was the
largest of the harvested sites, and the contrpstrgere over 100 meters from the nearest
harvested edge, making edge effects of the hamvdigely. There was not a similar
decline noted on the Cloquet sites, arguing againgtather related cause. Given the
very high population density in the fall before Vest, likely some density-dependent
cause of mortality—possibly disease—was at work.

| did not find a clear trend for shrew responshdovest. Shrews—bo#.
brevicaudaandS. cinereus-declined contrary to expectations in harvesteatmnents,
but this decline was also present in the pairedrobplots leading to the absence of a
statistically significant difference between thevested treatments and the paired

controls. Other work has shown common shrews—thkemasked shrevprex
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cinereu and the northern short-tailed shreBlgrina brevicaudy, do not differ in a
consistent way between clearcut forests and unkageontrol plots (Sullivan et al.
1999; Zwolak 1999; but see Kirkland 1990 for suppdishrew increases via logging).

It is possible that both species were experienoorgnal population cycles, and
that this trend may have been exacerbated by harvd®e cut treatments, at least Br
brevicauda Fuller et al. (2004) finds similar decreaseshrew numbers on regenerating
clearcuts (11-20 years post-harvest), which theipbate to lower densities of arthropods
in response to decreased CWD. Kirkland (1990)eneed 19 studies that included shrew
responses to forestry, and reported that 13 shewesbitive response of soricids to
clearcutting.

Shrews may also be impacted by moisture levelsaandl or are at a
disadvantage in the drier conditions associateld gigarcuts (Fuller et al. 2004). As the
sites age, it will be worth continuing to monitbetse species to see if differences begin
to emerge as CWD decays out of the slash-remogétisy

Similarly toB. brevicauda, S. cineregsiows a statistically significant decline in
MKA after harvest in two of the three treatmentsugh here the treatment that does not
show a statistically significant drop is the slashoval treatment. As with the northern
short-tailed shrew, the masked shrew has not be@mrsto respond either positively or
negatively to logging in other studies.

Shrews of both species are mostly insectivorousjgh the short-tailed shrew
will consume other vertebrates (George et al. 198@hough the insect community may

change after logging—and was not studied here—#asonable to assume that both a
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mature forest and a recent clearcut would both ésufficient prey for shrews. Given
that captures of these animals are infrequentpackground population cycles short, we
should be cautious in inferring substantial meammntie findings here. The species
were not eradicated from any of the sites, andyit bf their ubiquity in the region and
high potential for population growth it does nopepr that harvest of CWD will have a
major impact on either local or landscape levelnalamce of these animals. This finding
agrees with that of others who have also foundvehite be resilient to anthropogenic
habitat disturbance (Sullivan et al. 1999; Zwol&©9).

Although not predicted, chipmunk abundance declmethe harvested
treatments to a greater degree than on pairedatsngnd also declined more on the
slash-removal than slash-retention treatmentss fliiling is further supported by an
apparent low density of chipmunks on harvestedsarethe Superior National Forest,
where surveys find few chipmunks and where slasffitén piled or removed and CWD
rare (M. Rentz and J. Erb, unpublished data).

| recorded few captures of rare species, with antyandful of bog lemmings
(Synaptomys cooper@nd no captures of rocki{crotus chrotorrhinu} or heather
(Phenacomys ungayaoles, nor any captures of smokey shre8@éx fumeysand least
weasel Mustela nivali3. The heather vole is classified as a specisp@ial concern in
Minnesota, and is known from less than 20 recandke state (www.dnr.state.mn.us, last
accessed 11-21-2013). The rock vole, while hawimgfficial status in Minnesota is
tracked by the Minnesota Department of Natural Reses, and is known from only a

few locations, with fewer than 100 captures betwE290 and 2006 (Minnesota
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Department of Natural Resources 2006). The cafitgopulation for this vole species is
Cook County—the tip of the “Arrowhead” and well ttoof this research—but within
the scope of woody biomass harvest plans for taee $Christian, 1982a; Christian
1982b; Daniels 1982; Jannet 1990; Timm et al. 197Here is not a great deal known
about this animal in the state, though Jannet (189@gests that it may be adversely
affected by clearcutting. Rock voles are also kmbovbe associated with bunchberry
(Cornus racomogaand blueberriesvacciniumspp), notable becauséacciniumspecies
were negatively affected by CWD harvest in the vaiien work accompanying this
research (Rentz 2013). Land management that nebaéiffects these rarer species
warrants caution, and further work targeted atdlsggecies is warranted.

Although differences between harvested plots wikghtsafter a single year post-
harvest, there are clear emerging differences mlsmammal abundance and summed
biomass by the second year, with slash-retenteatrirents outperforming the slash-
removal treatments. While it is encouraging thadrall numbers and biomass are higher
post-harvest in the slash-removal treatments tloéim fire-existing levels and paired
controls, the differences relative to slash-retamplots and the decline in captures of
squirrels and chipmunks is worrisome. Each chipimueighs the equivalent of 5 mice
or voles and the larger squirrels have an evenehnigitio, providing predators with
considerably more meat per capture. Other worknbésd the importance of CWD for
enabling mustelid predation (Andruwski et al. 2008Jhile harvesting CWD is unlikely
to have severe impacts on overall abundance ofl sna@mhmals and most common

species, the lower density of biomass, the shithefcommunity to one with fewer
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sciurids, and the decrease in structural complexithe forest floor may combine to
reduce the suitability of the habitat for smallrdaores such as weasels and martens.
The work also only investigates the immediate inipa€ harvest. It is possible
that the small differences immediately post-harmeasy converge, or may continue to
diverge. Itis important to note that while thenmsal of CWD from removal plots was
not complete, the remaining debris tended to baone advanced decay classes. As this
wood decomposes out of the system, it will notdp@aced by harder logs in the system,
and will not be supplemented with natural CWD utité regenerating trees begin to die.
There will, therefore, be a period to come when CWIDbe even less common in these
stands. With this decline differences in abundarf@@proxylic insects and fungi—

important food sources for small mammals—betweertratments may be exacerbated.
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Chapter 6

Live trap efficiencies for boreal forest small mamnals: a comparison of
Sherman, Ugglan, and Fitch-style traps.

Introduction:

Ecological research on small mammals, especialikrecapture (M-R) studies,

requires effective trapping methods to accurategeas both the species present and their
relative abundance. Trapping methods that do ayotiuce all species with equal success
will yield inaccurate estimates of population siaegd may even miss some less common
species completely.

M-R studies are built on several assumptionsduding the assumption that all
species are equally catchable, that both sexeba@hdsub-adults and adult animals for a
given species are equally catchable, and thaaliméipture does not affect an individual’s
chances of subsequent capture (the animal dod=enotne “trap happy” or “trap shy”).
These assumptions may not be equally valid faratls, and indeed comparisons of
traps have shown that different models of trapsaty in performanc€Anthony et al.,

2005; Astaa et al., 2006; Chitty and Kempson, 1949; Dizney et 0& Jacob et al.,
2002; Lambert et al., 2005; Lambin and Mackinnd97, McComb et al., 1991,
O'Farrel et al., 1994; Rose et al., 1977; Sladd. £1993; Whittaker et al., 1998; Wiener
and Smith, 1972; Ylonen et al., 2003). Given défeces in trap performance, some
authors have suggested that a combination of rapsed to fully assess the small
mammal community (Anthony et al. 2005, Dizney e2808; Holdenried, 1954,

McComb, et. al. 1991). | wanted to be sure towapas representative sample of the
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community as | could, and at high enough rategémd data integrity. For these reasons
| chose to use a combination of traps: Sherman|dogand Fitch-style traps.

No studies have simultaneously compared the Shergggian, and Fitch-style
traps, but these traps have been used in otherartsop research. Results have varied
considerably between traps and between differethibasi for the same traps. Studies in
Australia (Jacob et al., 2002) and in Israel (Yioe¢al., 2003) found both Sherman and
Longworth traps out performed Ugglan traps, whidaribin and MacKinnon (1997)
found Longworth and Ugglan traps performed equakyl. Anthony et al (2005) found
differences between Longworth and Sherman tragsatidg that these traps favored
different species and may not be interchangedidlerris (1968) found a greater number
of species and individuals in Sherman traps thamegaongworth traps. Similarly,
Astua et al (2006) also found that the Shermanwap more efficient at capturing
smaller mammals, especially rodents, than the gdiomgworth traps in eastern
Brazilian forests.

Unlike the traps above, which are of solid, opacgmestruction, the Fitch trap is
constructed of open mesh. O'Farrel et al. (199dihd homemade and commercially
available mesh traps outperformed the common fgl@herman trap, as did Rose et al
(1977) and Strauss et al. (2008). Conversely Biatal. (2008) found these traps to
perform very poorly in heavily vegetated areashim Pacific Northwest.

In sum, it is probable that trap effectivenessesrwith habitat and species
assemblage, and possibly even within species ferttify habitats. If this is the case,

reliance on a single style of trap may yield midiag results. Researchers would be
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wise to either pilot different traps on site befbeginning research, or employ a variety
of trap designs.

Another consideration for researchers is whetheistosingle capture or multiple
capture traps. Multiple capture traps may be esfig@ppropriate for research on the
interactions between individual animals, but it a&ms to be shown that researchers do
not sacrifice overall capture rate when shiftingrolti-capture traps. Belant and
Windels (2007) found a decrease in overall captatein Tin Cat traps (an intentional
multi-capture trap). Some species captured inr8aeitraps were never captured in the
paired Tin Cat traps, yielding different speciegedsity estimates. Similar concerns have
been raised for Ugglan traps (Jacob et al. 200@néft et al 2003). Of the traps used in
this study, the Sherman is a single capture thegpUtgglan trap is intentionally multi-
capture, and the Fitch trap, while not intentiopaflulti-capture, does not preclude
additional animals from entering the trap oncs itlosed.

In this research | aimed to: 1) compare the thragestfor overall effectiveness
including both capture and failure rate, 2) compheecapture profiles of the three traps,

and 3) determine whether a multi-capture designaesl overall trap effectiveness.

Methods

Sites.—+conducted this experiment from May-November 207, 2008 on four sites:

CFC1, CFC3, Carlton, and St. Louis.
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Trapping.—+ used a combination of Sherman folding traps (Fedu2), Fitch-style traps
(Figure 6.3) and Ugglan Special #3 (Figures 6.4@&B)l Sherman traps (H. B. Sherman,
Inc., Tallahassee, Florida) are a commonly usdé stythe United States and worldwide.
Sherman traps are a box trap (single compartmehtnei nest box) with a treadle/door
system (animals entering the trap step upon a dsipreplate releasing the door). The
traps are available in a number of styles and sthbesmodel used here (LFATDG) is 8 x
9 x 23cm. Fitch-style traps are a “do it yoursstf/le trap using shaped hard wire cloth
to form a tube (Rose 1994). A tin can is insertéd one end as a nest box and the open
end is fitted with a gravity door which is triggdras the animal passes a swinging
treadle. | purchased these traps from Bob RogkDOminion University. The traps
measure 6.5 x 6.5 x 39 cm. Despite some eviddratehey are an effective trap (Rose
et al 1977, Nichols, et al. 1984, O’'Farrel et 894, Hayes, et al. 1996, Bob Rose,
personal communication) they are not widely usédglan traps are manufactured in
Sweden by Grahnab and are widely used in Europesed the model Special #3 (7.5 x 6
x 24 cm) with the Grahnab supplied long roof covehe design consists of a gravity trip
plate leading to a nestbox, and is reset autontigt@afier capture allowing for multiple
captures.

| ran traps for four consecutive nights in May, duAugust, September, October, and
November on four sites in 2006 and 2007 and thites & 2008°. | did not trap in July

to avoid capturing animals in what is typically thatest and most humid month. For

9 The site in St. Louis County was dropped fromréssearch during the winter of 2007-2008 when the
lease holder of the logging sale gave back theslegther than cut harvest. As the larger studyded on
the impacts of harvest, without the logging thgéarquestion was moot and the site was dropped.
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Figure 6.1Photograph' of a Sherman trap. Note the wooden shingle tdeskize trap

and the micro-positioning of the trap adjacenti® €WD to maximize capture

probabilities. Typically the wooden shingles oapped the edges of the traps.

1 All photographs in this Chapter were taken byahthor.
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Figure 6.2Photograph of a Fitch-style trap. Note the thinaheod inserted through the

trap to prevent the trap from flipping on its side.




Figure 6.3Photograph of an Ugglan trap. Note the proteatoneer partillly slid back to

show fit and the mesh trap underneath.
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Figure 6.4Photograph of eromyscu# an Ugglan trap. Note the consumed bait, the

nest box, and the gravity plate through which tloeise entered the nest box.
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Figure 6.5Bait ball and polyfill bedding inside a Shermamtradanging the contained
bait from the back door decreased the chancesitofidoiéing the trapping mechanism and

clearly showed evidence of an animal eating the bai
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Figure 6.6 Photograph of a pitfall trap, showing the last featers of the fencing and

the pit with elevated cover.
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analysis | consider each four night run as its pwmary period. | treated all traps
equally, with common bait, bedding, and placement.

Each site was broken into three treatments asopé#ne larger research and each
treatment therefore can be thought of as its oapping site. Each of the three trapping
sites on a larger study site were assumed to Eperdient of each other, but were
trapped on the same nights. On each trapping lsiie out a 4 by 5 trapping grid of 20
trapping stations with 20 meter spacing. At eaap station two traps were placed
independently within three meters of the trap aenténtentionally maximized capture
probabilities by utilizing best available microhtbiwithin this three meter radius. The
three types of trap were cycled between the staiioalternating pairs
(Sherman/Ugglan; Sherman/Fitch; Fitch/Ugglan), wilch type of trap missing from
every third station. At the first and last trapt&in all three types were used, for a total
of 14 traps of each type per grid, 42 traps total.

Traps were baited with “bait balls” consisting obbked oatmeal and a chunk of raw
potato (source of water) wrapped in waxed pape@u(fei 6.5). Bait balls were hung from
the back door of the trap in Sherman and Ugglarstaa placed in the nest box of the
Fitch trap. | replaced bait balls when they haerbeonsumed or if they became moldy.
| chose bait balls over loose bait such as oalsrdrseed to prevent gumming up of trap
mechanisms, to ensure more consistency in bainweland quality between traps, and to
determine if bait had been disturbed or not. Exatnon of the bait ball allowed me to
determine if an animal had entered the trap andwoed bait without tripping the trap.

| added a small volume of polyfill batting (rougtihe same volume as a mature mouse)
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in each trap for bedding, and covered traps wittacshakes to prevent the metal traps
from overheating. Traps were checked once daitiiénmorning.

Ideally, traps would have been checked twice dailpcked open during the day,
however limited field personnel and the remotermésome sites made this difficult.
Traps were checked twice a day in 2005, and captlugng the day were minimal (63
captures over 48 calendar nights of trapping)light of the low rate of capture in 2005
and the greater remoteness of the sites added @hich made two trips a day
prohibitive) | made the decision to drop the aftenm check and treat each of the sites
alike. | did take care to minimize thermal streescaptured animals by shading traps
under existing vegetation where possible and cogall traps with cedar shakes to
further minimize solar gain on the metal traps.uits of raw potato were added to the
bait balls as a source of water, and these wegaiérgly chewed on by trapped animals.
Finally, trapping periods were deliberately choseavoid the hottest periods of the year
(late June through early August here), and dumagping season | would delay opening
traps for a particular run if the forecast indichteusual heat.

Upon checking, each trap was recorded as eitheafture (and species noted), 2)
no action, or 3) a failure. Failures were ideatifias either disturbance to the bait
indicating an animal entered the trap but was aaght nor was the trap sprung, a sprung
trap with no capture and undisturbed bait, or @ued escape (closed trap with
disturbed bait but no animal). For analysis, aptnight” or “uncorrected trap night” is
one 24-hour period that a trap was open and baitetljs not corrected for closed but

empty traps. For “corrected trap nights” | scockzsed but empty traps as a half trap
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night (Beauvais and Buskirk, 1999), but scored othiures in which the trap remained

open as a full night.

Marking and measuring of animalsldpon initial capture animals were identified,
weighed, sexed (rodents only), and marked. | nthrdents with a single ear tag
(Monel #1005-1, National Band and Tag Company) stiréws Blarina brevicaudaand
Sorexspp) with a Visible Implant Elastomer tag (Northwestiiha Technology, Shaw
Island, Washington). In response to frequent lmséear tags iM. gapperil began
tagging this species with both ear and VIE taghéthird and fourth seasons (2007 and
2008). For all species | applied the VIE tags tigtoinjection of the elastomer in the
underside of the tail with a 29 gauge insulin syein A small (<0.01CC) amount of the
mixed elastomer was injected sub-cutaneously. Ubsexjuent captures animals were
identified to individuals and weighed. On occasioice would escape prior to weighing.
When missing, weights for mice were estimated foaptures of the same individual
within the same primary period.

These methods meet the ASM guidelines establistrege$earch with live animals
(Sikes and Gannon 2011) and were reviewed and aggtay the Institutional Animal
Care and Use Committee at the University of Minte¢Brotocol Number:

0703A03590).

Analysis—Trap success, failure, and species specific commasiwere analyzed using

tests for equality of proportions. Comparisonsapture proportions of the most
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common animals were analyzed with Chi Square td3ifferences in body masses were
tested through analysis of variation with a Tukeynkist Significant Difference
correction. Differences in number of animals reégegd and average number of
recaptures for each animal by trap were analyzéd avi equality of proportions test and
at Test respectively. |used R (R 2.13.1 for MacXOGUI 1.40) for all statistical

analysis.

Results

Over the course of the three years each trap ttpéet roughly 7,700 uncorrected trap
nights (Table 6.1). The traps differed consideramlirap success, with Fitch traps
recording the lowest rate of capture (4.9%), andlalythe highest (26.7%%* =
1464.44d.f.= 2,P < 0.01) (see table 6.1). In total 12 species wapwred by the traps,
though deer miceReromyscuspp) and red-backed volédyodes gapperiaccounted

for 93% of all captures. Four specieBeromyscuspp, M. gapperiEastern chipmunk
(Tamias striatuy and northern short-tailed shret#. (orevicauda)-were found with
enough frequency to allow for statistical analysiis low diversity of small mammals
with a dominance d¥l. gapperiandPeromyscuss common in upland habitats in

northern Minnesota (John Erb and Michael Rentz bhgited data; Wilson, 2011).

Overall capture—Both Sherman and Ugglan traps caught more anirhafsEitch style

traps regardless of the time of year. Ugglan tedqusvs a significantly higher capture
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Table 6.1—Total trap nights, corrected trap nights, faigyriatalities, overall captures,
and common species capture totals and capturesitgapfor three small mammal live
traps Fitch, Sherman, and Ugglan in northeastenmbgota. Corrected trap nights are
adjusted by assigning accidently tripped trapar@p night, as per Beauvais and
Buskirk (1999). Rates are calculated based uptahtrap nights, not corrected nights.

Differences between traps within columns are ndtpck 0.01 (d.f.1).

Fitch Sherman Ugglan Total
Trap Nights 7697 7700 7749 23216
Corrected T.N 7458 7422.5 7747.5 22628
Failures 835 (10.8% a) 943 (12.2%b) 119 (1.5%c) 1897 8.20%
Fatalities 28 (7.3%a) 57 (3.0%b) 80 (3.9%b) 165 (3.8%)
All Captures 380 (4.9%a) 1903 (24.7%c) 2072 (26.7%c) 4355 (18.8%)

Peromsycussp. 233 (3%a) 1204 (16%b) 1372 (18%c) 2809 (12%)

M. gapperi 110 (1.4% a) 538 (7% b) 628 (8% c) 1276 (6%)
B. brevicauda 8 (<1% a) 32 (<1% b) 43 (<1% b) 83 <1%
T. striatus 16 (<1% a) 99 (1% b) 3 (<1%c) 118 (<1%)
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rate than Sherman when based on uncorrected gapsr26.7% versus 24.7% =
8.17,d.f.= 1,P < 0.01). The difference is not statistically sigraht when the correction
of assigning tripped but empty traps a value calatinap night (Beauvais and Buskirk
1999) is used (26.7% for Ugglan and 25.6% for Skerdf = 2.34,d.f. = 1,P = 0.13).

The traps caught specific species at differensratewell. A greater percentage of
Ugglan trap nights recorded a capturéefomyscuspp than either Shermarx® =
11.9,d.f.= 1,P <0.001) or Fitch traps€ = 894.1d.f. = 1,P <0.01). Ugglan traps also
recorded more captures it gapperithan Sherman = 7.63,d.f. = 1,P < 0.01) traps
or Fitch traps X* = 387.5d.f.= 1,P < 0.01). Sherman traps similarly caught more mice
(X?=722.79d.f.= 1,P < 0.01) and volesX¢ = 298.284d.f. = 1,P < 0.01) than Fitch
traps. Capture rates fBr brevicaudadid not differ between Ugglan and Sherman traps
(X? = 0.83064d.f.= 1,P = 0.36) but both traps recorded this speciesgaéater rate than
Fitch traps (Shermaix? = 13.25d.f. = 1,P < 0.001; UgglanX® = 20.75,d.f. = 1,P
<0.001). Sherman were the most effective trapsdpturingT. striatus with a greater
proportion of trap nights recording a chipmunk ca@t(n=99) than either Ugglan (n= 3;
X?=89.68d.f.= 1,P < 0.01) or Fitch (n=16X*> = 7.6695d.f. = 1,P < 0.01). Fitch traps
out-caught Ugglan traps for chipmunks as wefl£ 58.88,d.f.= 1,P < 0.01).

Long-tailed shrew§orexspp) captures were low for all 3 traps, with nonzals
captured in Fitch traps, and 7 and 8 in Sherman aglan respectively. This stands in
contrast to 294 captures $brexspecies in nearby pitfall (Figure 6.6) traps run

concurrently with the box traps.
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Capture profile—Each trap caught the three most common animBlsremyscuspp,
red-backed volesnd short-tailed shrewdan approximately the same proportions (Chi-
squared= 0.69J.f=2,P = 0.71), though as noted above at rates thatrddfby a
statistically significant degree. (Table 6.3). ¥®IM. gapperi and Mictotus
pennsylvanicysandB. brevicaudanake up the same proportion of all captures fohea
trap (voles=x? = 2.63,d.f. = 2,P = 0.27,B. brevicauda (X* = 0.62,d.f. = 2,P = 0.73).
Peromyscuspp. account for a greater fraction of all captimddgglan traps than
Sherman traps (66.3% of all captures versus 633%,3.77,d.f. = 1,P = 0.05) but this
difference disappears when squirrel captures—comm&tmerman traps but rare in
Ugglan traps—are removed (66.4% of all capturddgglan, 67.1% Shermak? = 0.15,
d.f.= 1,P = 0.70).

Ugglan traps captured statistically significantyer chipmunks and squirrels than
either Sherman or Fitch traps. Only three Easteipmunks and no red squirrels
(Tamiascurius hudsonicusvere captured in Ugglan traps (0.1% of captunsb)le these
two species made up roughly 5 percent of capturésth Fitch (19 captures, 5%) and
Sherman traps (106 captures, 5.5%). The ratiguifrels to all captures was not

different between these trap§  0.104,d.f.= 1,P = 0.747).

Fatalities—Summed fatality rates for all species were belo® I6r each trap, though
Fitch traps had a significantly higher fatalityerahan either ShermaX{= 15.70,d.f. =
1, p < 0.001) or Ugglan trapX{= 8.56,d.f.= 1, P = 0.003) (Table 6.1). Although

Ugglan traps recorded more fatalities than Sherrzos, the difference was not
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statistically significantX® = 1.98,d.f. = 1, P = 0.15) for all lumped captures. There was
significant difference between the two traps whely mitial captures oPeromyscusire
considered: 2% of first-caught animals died in &teer traps, whereas just over 7% died

in Ugglan trapsX? = 9.66,d.f. = 1,P < 0.01).

Multiple captures—Of the 1,27@Peromyscusapture events in Ugglan traps 82 involved
more than one mouse, including 12 instances oétimdividuals and two instances of
four individuals. This multiple capture rate of @4or Ugglan traps is significantly
higher than the 1.3% rate for Fitch trapé € 8.66,d.f. = 1,P = 0.003), and 0.3% for
ShermanX® = 66.73d.f.= 1,P < 0.001). Sherman traps had four captures of two
individual Peromyscusand Fitch traps had three captures of Reoomyscus Another
threePeromyscu# Ugglan traps were captured with—and presumkitigd by—aB.
brevicauda NoPeromyscusvere caught wittBlarina in either Fitch or Sherman traps,
though one mouse was caught witBaex cincerugn a Sherman trap; in this instance

the mouse survived, but the shrew did not.

Recaptures—An analysis of initial trap capture and recaptuneBeromyscusloes not
show a relationship between the trap an animalfistcaught in and its likelihood of
subsequent recapture. The number of animals reneapdid not differ significantly

with the trap in which the animal was first caugft = 0.92,d.f. = 2,P = 0.63), nor did
the number of total re-capture events differ betwide cohorts of animals based on trap

of first capture X* = 0.62,d.f. = 2,P = 0.73). The recapture rate of Sherman initial
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captures (1.88 recaptures/initially caught animal¥ not significantly different than the

rate for Ugglan (1.72 and= 0.95,d.f. = 715,P = 0.34).

Trap fidelity—The traps show some variation in trap loyalty (tkelihood that future
captures will be in the original trap styldferomyscudirst caught in a Fitch trap were
more likely to be caught in a Fitch trap again {24.of all recapture events) than those
first caught in Sherman or Ugglan for whom the lrti@ps represented only 9.0% and
7.1% respectively of future recapture events. rAliively, althoughPeromyscusirst
caught in a Fitch trap were more likely to be rptaeed in a Fitch trap than those first
caught in either of the other two traps, they alemonstrated the least trap fidelity, with
75.3% of subsequent captures occurring in Shermdrgglan rather than Fitch traps.
ThosePeromyscusirst caught in either an Ugglan or a Shermanndiishow such an
avoidance of their first trap, and were as lik@yave future captures in their original
trap as the alternate (48.5% loyalty for Shermah%ih2% loyalty for Ugglan). The
loyalty scores for Sherman and Ugglan traps wetesigaificantly different from each
other * = 0.90,d.f.= 1,P = 0.34) or from chance, when Fitch traps are eledu

(Ugglan:X? = 0.40,d.f.= 1,P = 0.52, ShermarX® = 0.50,d.f. = 1,P = 0.48).

Sex ratios—All three traps show a slight male population b@sPeromyscusvhen
considering only first captures, ranging from 5llesd100 animals for Sherman to
64/100 for the Fitch (neither of which is diffetdrom 50:50 by a statistically significant

degree). The Ugglan male bias (58/100) and ovbradl (55/100) are both statistically
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significant when compared to parity (Uggla@:= 9.22,d.f.= 1,P < 0.01; all trapsx® =

9.23,d.f.=1,P <0.01).

Body mass— Mean weights for captured mice and voles areabld 6.3. There were
statistically significant differences in mean wdiglktween the traps for initial
Peromyscusapturesk 2 79o= 6.90,P = 0.001), allPeromyscusapture F ; 2431= 23.13,

P <0.001), alM. gapperi capturesk 2 1037= 3.52,P = 0.03), but not foM. gapperi
when only initial capture weights are consideriéd {s0= 0.91,P = 0.4). Mean weights
of mice and voles were highest in Sherman trapbdti animals in their first capture
and for all captures. Differences in weight weeser statistically significant between
Fitch and Sherman traps, but were between Shernthblgglan traps for aPeromyscus
capturesP < 0.001),Peromyscusn first captureR < 0.001), and alM. gapperi
captures® = 0.02), but not foM. gapperiinitial captures® = 0.51). Weight differences
between Ugglan and Fitch traps were only statiéyisggnificant for allPeromyscus

captures® = 0.006).

Failures—All three traps failed on at least some trap nights the rates varied
considerably between the trap types. Sherman tadlpd at a rate of 12.2%, Fitch at
10.8% and Ugglan at 1.5%. Pairwise comparisortftgrence between all of the traps

were statistically significanf{<0.01 for all iterations)
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Table 6.2—Mean weights (in grams) and standard errors (remghesis) for 3 small
mammals by trap type in northeastern Minnesota Z0I.

Superscript indicates significance gi & 0.05.

Fitch Sherman Ugglan

Peromyscuspp.

all captures 20.44 (0.29) a 20.74 (0.14) a .2890.12) b

initial captures 18.93(0.48) c, d 19.2 (0.5 17.93 (0.20) d
M. gapperi

all captures 17.65 (0.44) e, f 18.18 (0.19) e 17.44(0.16)f

initial captures 16.52 (0.65) g 17.35(0.29)g 16.85(0.31) g
B. brevicauda 19.75 (0.65)h 20.23 (0.49) h 20.40 (0.48) h
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Table 6.3—Capture profiles of three common traps evaluatetbrtheastern Minnesota.
Data were collected 2006-2008. Capture totalscapdure percentages (in parenthesis)
for each species. Capture percentages are cadwdatthe fraction a given species
represents of all captures for that trap. In remggquirrels from the analysis the ratio
of the three most common species is not differetwben the traps overall, or in any
pair-wise comparison (Chi-squared= 0.89=2,P = 0.71). There was a statistically
significant difference in proportion of capturergitable to squirrels between both Fitch
and UgglanX® = 79.76,d.f. = 1,P < 0.01) and Sherman and Ugglaff € 96.78d.f. =

1, P < 0.01), though not between Fitch and Sherm@m=(0.1,d.f. = 1,P = 0.747)

Peromyscuspp M. gapperi B. brevicauda  Sciuridae
Fitch 233 (61.3) 110 (28.95) 8 (2.11) 19 (5.00) _
Sherman 1205 (63.3) 543 (28.53) 32 (1.68) 106 §5.57
Ugglan 1374 (66.3) 639 (30.84) 41 (1.98) 3(0.14)
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The nature of the failure varied by trap. The nomsthmon failure in Sherman traps
was tripped but empty traps (n= 555, 60% of faBliréhe most common for Fitch traps
was animals entering the trap and raiding thewisiitout triggering the trap (n=433, 53%
of failures), while the two most common for Ugglaare animals escaping from a
tripped trap and traps which were opened by anathienal (n=47 (48%) and n=40
(41%), respectively).

Escapes or traps that were tripped but showed sifjthe bait having been eaten
were seen in all three traps, but again varieddyy, t14 percent of all capture events
ended in escape for the Fitch trap, compared tdds%herman and 2.5% for Ugglan.

All pair-wise comparisons for escape rates wergssizlly significant (p < 0.01).

Discussion
The three trap types varied greatly in capturefaidre rates, with Ugglan traps having
the highest capture rate and lowest failure ratb@three traps. Sherman traps had a
similarly high capture rate to Ugglan traps (24 .vVéfsus 26.7%) but a much higher
failure rate. All three traps caught the three hgmsninant species in the same ratios,
leading to similar estimates of the diversity af tommunity. The species mix reported
here is typical of forests in northeastern Minnag&rb and Rentz, unpublished Data,
Timm 1975).

Use of the two high-success traps (ShermarUggtan) yielded similar capture rates
for this community, though the Ugglan is simpleus® and will allow for multiple

captures, as well as having a higher catch rategesater proportion of initial captures.
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The Fitch trap had a similar capture profile, catgiPeromyscusindMyodesat a similar
ratio as the other traps, but at a far lower r&@¢her researchers have had success with
this trap, though often in prairie or meadow hdbijtand targeting voles (O’Farrel et al.
1994; Rose et al. 1977). The traps do not sedomtion well in forest environments
with this species mix, similar to the findings oizDBey et al. (2008). The literature and
the findings here seem to suggest that mesh traghsas the Fitch are appropriate for
open grassland habitats and for some speciesrdubaeffective in forests. Both Rose
et al. (1977) and O’Farell et al. (1994) did capfeeromyscuspp. in their mesh traps at
greater rates than in Sherman traps, Dizney €2@08) found results more similar to
those here, where mice were caught less frequienthesh traps than Shermans.

The species mix here differed from those in theeR@sFarrel, and Dizney papers,
but Peromsycuspecies were present in all four studieromyscusaptures were
higher in mesh than solid traps for O’Farrel e{&094) and Rose et al. (1977) but not
for Dizney et al. (2008) leading to the assumptlmat habitat type—in the case of
Dizney forests with closed canopies as opposedg@pen prairie in the others—is the
driving factor reducing the effectiveness of mesips. It would follow from this
reasoning that something about the open natutgediap is off putting to small
mammals in forested conditions.

It is interesting to note that mice first caughfitch traps will re-enter the traps more
often than animals first caught in either of thieesttwo traps, but even they enter the trap

less frequently than they are recaptured in therdtiaps.
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Another potential factor for the lower than expégberformance of the Fitch traps
may lie in the bait and bedding used in the trapavious tests of these and similar traps
have not always treated the traps equally. Roak(@077) varied the bedding between
the traps, using cotton in the Sherman traps agpdnhthe Fitch traps, and ascribing this
difference as one of the potential reasons foirtbeease in capture rate of the Fitch over
the Sherman traps. In addition, Rose et al. (18f7)he Fitch traps on site throughout
the season, and cycled the Sherman traps throeglatious sites. While the ability to
use loose natural bedding like hay may be an adgartb the Fitch trap, it is difficult to
separate the effects of the bedding from the etiethe trap itself. While we would not
expect animals to choose traps based upon bedtmfay used in there would likely
smell more natural than cotton or polyfill beddiagd may also have been viewed as a
food source. It is important for study design taimtain uniformity between designs.
Further, the Fitch traps may have benefited fromaiaeing on site throughout the season,
allowing the animals to become comfortable withttla@s in the landscape.

As noted above, other studies have found Shermags to out-perform Ugglan traps
(Jacob et al. 2002; Ylonen et al 2003). Jacolh @092) did not use the cover shield on
Ugglan traps in their Australia work, and hypotlzesi that the open mesh may have been
a deterrent to hougeeromyscuentering the trap. Fitted sheet metal coversc{ased
directly from Granhab) were always used in thiglgtulf this cover improved the
function of the Ugglan traps it is possible thanitr covers could have improved the
Fitch traps, though O'Farrel et al. (1994) fourat ttovering a mesh trap lowered its

capture rate.
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One of the advantages of the Ugglan trap is ittyalbo catch multiple animals in 1
night, a useful feature for research questionsweractions between individual animals.
The data presented here show that researchensawlacrifice overall capture numbers
in shifting to this trap from the more common Shanm Importantly the Ugglan traps did
not appear to suffer from the loss of species angted capture rate that Belant and
Windels, (2007) experienced with Tin Cat traps.diidnally, the Ugglan trap is easier
to use, and is more appropriate for use by lesereqced researchers or when large
numbers of people are used in field work, suchastizen science or undergraduate
field exercises.

Another factor in considering the Ugglan trap ssiitability to capture squirrels. This
may be a benefit in studies focusingeromyscusr other small mammals in which a
squirrel capture would be a lost trap night for tilwgeted taxa, but is a distinct
disadvantage for broader ecological investigatianshich squirrels are a desired

component of the capture.

Trap failures —All traps will fail at some times, either thrdugesearcher error, chance,
or a particularly clever or lucky animal. The tsdpere, however, show markedly
different failure rates. Use of the bait ball alex for more precise tracking of bait
disturbance than loose bait, and clearly showstkhstype of event should not be
discounted. Animals entering the trap withoutdagng the trap accounted for 5.6% of
trap nights in Fitch traps, and 3.5% in Shermarpedfienced researchers who take the

time to check the treadle condition each day mayeslewering of failure rate, though it
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is worth noting that few published studies contoolanimals that enter the trap without
setting it off as presented here. One exceptidtoidenried (1954) who reported rates of
Sherman traps “entered, not sprung” of 7% and ‘spruithout capture” of 10%. These
values for this study are 3.5% and 7.2% of all tigts respectively. Since traps failed
on both ends of the spectrum—set too loose (closdno capture) and too tight (open
with evidence of bait raiding)—there does not appede a strong bias of consistent
mis-setting.

Although not commonly reported, trap failure sholida consideration when
choosing a trap. Sprung but empty traps and raddédot sprung traps represent lost
capture opportunities, and can increase trap saioraffectively lowering the
proportion of a local population that can be cagdupn any given night. The failure
rates for Sherman and Fitch traps were statisyicaginificantly higher than that for
Ugglan traps, meaning a greater proportion of Uggjaps were “in service” on any
given night. The 12.2% failure rate for Shermaps$rfound here is actually lower than
that reported by Holdenried (1954) of 17 percdhis worth noting that Ugglan traps
outperform Sherman traps when based on simplesigtihe field, but that the 2 traps
score equally well when the trap night statisties@rrected by assigning failed traps a
0.5 trap night rather than a full trap night.

The Fitch and Sherman traps are not as simpld tasshe Ugglan, and it is
reasonable that with increasing experience theucapate would improve and the failure

rate (mis-traps) decline. This did not bear oytriactice however; both Fitch and
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Sherman traps had the lowest failure rate (missjrapthe first year of the study, with

higher failure rates in subsequent seasons.

Fatalities.—Ugglan traps recorded a higher (though non-stedikyi significant) fatality
rate than Sherman traps. This was especiallyftnueeromyscus CapturedPeromyscus
would often attempt to chew their way through tresimunder the trap door and the
mesh was sized such that their snouts became isttick mesh and the animals were
almost invariably unable to back out. | found 8#nzals in this situation and the animal
was either dead or required euthanasia in 15 gktbhases. Fiieeromyscusvere

caught with injuries that suggested they had becsorentangled but freed themselves,
though 1 of these was found to have died anywayhd remaining 20 cases the animal
was freed and released after they were found to geod enough health that survival
was deemed likely. Six of theBeromyscuslid survive and were caught subsequently.
Only Peromyscusvere found to get their snout stuck in the mestever found a single
individual of other species trapped in this way.

In conclusion, although Fitch, Sherman, and Uggflaps all caught the same species
in the same ratio, the capture rates varied grbatiyween the traps. From these results it
seems clear that the Fitch trap is not an apprgpniap for northern hardwood forests of
the upper Midwest. Ugglan and Sherman functiory genilarly when the failure rate of
the Sherman trap is accounted for, though witloikger fail rate the Ugglan trap does
out-perform the Sherman. The conclusion of previauthors—that researchers use a

variety of traps in an attempt to catch a complepgesentation of the small mammal
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community and to avoid reliance on a trap that matybe the most effective for the
species mix and habitat (Holdenried, 1954; McCoetlal. 1991)—seems valid, though
not as important for low diversity sites such assth Researchers do not sacrifice overall
capture rate or incur a skewed species profile thighmulti-capture Ugglan trap relative

to the more common Sherman trap.
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Chapter 7
Development of a novel marking technique for smalnammals.

Introduction:

One important technique to assess the small mamopallation on the study sites is
Mark-Recapture (M-R) analysis. M-R studies helgagshers shed light on community
dynamics and demographics. M-R studies generatgi@istories for each individual
in a population; in turn these histories can belusecalculate capture probability, infer
mortality likelihood, and make population and demagdpic estimates. These unique
capture histories require effective, species appatgpmarking of animals, and the
assumptions that marks are not lost and can beattyridentified throughout the life of
the animal (Cowen 2005; McDonald et al. 2003; S49&6; Williams et al. 2002). To
be useful a marking system needs to remain deledtibthe life of the study, allow for
individual identification, and not impact the anifeaverall health. If the marking leads
to increased morbidity and infection, decreasetitalbo secure food, or increases an
animal’s likelihood of predation by increasingvisibility or limiting its physical
capabilities, the inferences drawn from the databwei in error (McDonald et al. 2003;
Seber 1986). If the mark is lost or mis-read, neees will likewise be affected (Cowen
2005; McDonald et al. 2003; Seber 1986).

Multiple methods have been employed to mark mammalading leg bands, toe
clipping, hot branding, freeze branding, ear t&jsdran 1996), passive integrated
responder (PIT) tags (Animal Care and Use Commit@98), and even radioactive tags
allowing animals to be tracked with Geiger-Mulleuaters (Godfrey 1954). Each
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marking technique has advantages and disadvan@agggach may violate the above
assumptions in some way.

In recent years PIT tags have become increasirggylar, though their relative
expense makes them a less than ideal option, edgdor animals with low survival and
recapture rates. Ear/flipper tags remain an eadyadely used method, applicable to a
variety of animals from small mammals such as ntiwégrger animals like bears
(Diefenbach and Alt, 1998), and seals (Siniff arall®} 1991). These tags are especially
useful for marking mammals with large pinnae. Magkof animals lacking sufficient
pinnae, especially fossorial animals, is more potatic.

Considerable research has been done on the lvagliicts of marking systems.
Although once widely practiced, toe clipping hastlsupport in recent year$lurray
and Fuller (2000) caution that all types of mutdatmarking in mammals should be
avoided, though their review of the literature itges numerous studies that show that
toe clipping does not have significant effects (@se Pavone and Boonstra, 1985; Wood
and Slade 1990)Perhaps most important to field researchers in malogy, the current
guidelines of the American Society of Mammalogstststion against its use (Sikes and
Gannon 2011), noting it is specifically addressedilie National Research Council’s
“Guide For the Care and Use of Laboratory Animals.” NRC’s “Guide” further
requires the use of aseptic conditions, somethiffigult to maintain in the field
(National Research Council, 2011Mutilation tagging can also be prohibited by
management agencies for species of conservatiaenorsuch as the endangered Pacific

pocket mouseRerognathus longimembris pacifigu®ebra Shier, personal
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communication).

Loss of the mark is also a concern (Cowen 2005idigket. al. 2006; Morley,
2002; Siniff and Ralls 1991; Wood and Slade 19%3r tags may snag on vegetation, in
burrows, or may be lost via torn ear pinnae dufigigting or grooming (Gannon and
Sikes 2007). Some markings may be appropriatedore species, but less useful for
others: Fokidis et al. (2006) studied tag losdyim§ squirrels and murine rodents, and
found that flying squirrels lost ear tags at a tgeeate than PIT tags, while the opposite
was found in the rodent species. Social factong atso affect tag loss, if individuals of
a species interact with frequency—especially thihoaidp-grooming, to which Fokidis et
al. (2006) ascribe at least some of the blameaigtdss in the squirrels in their study.

As part of my work on small mammal response to Ch@bvest, | initially chose
ear tags (Monel #1005-1, National Band and Tag Gom)pto mark rodents, but they
were not suitable for marking shrews (Soricidaegdse of the animals’ small size and
reduced pinnae. | anticipated capturing maskeatex cinerusand northern short-tailed
shrews Blarina brevicauda and needed a method to determine whether an bhada
been previously captured. Visible Implant Elastsr(®|IE, Northwest Marine
Technology, Shaw Island, Washington) presentedsaiple, more permanent alternative
to fur clipping or painting of fur. These tags ar@-part elastomer that cures into a
pliable, non-bioactive florescent mark and havenbgésed with success for herpetofauna
(Bailey 2004, Davis and Ovaska 2001; Nauwelaertd. 2000), fish (Bonneau et al.
1995), and crustaceans (Jerry et at. 2001, LinaadeMercer 1998). To date, no

published study has used these tags in mammalthWwest Marine Technology
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encouraged its use and provided assistance inisgqermission for the tag to be used
in this novel manner from the University of Minné&se Institutional Animal Care and
Use Committee (UMN-IACUC).

Ear tag loss in red-backed volddyodes gapperijvas a serious problem during
the first two seasons of the research, promptidgsare for a back-up or alternative
system. Anecdotal evidence (tags found in trapgyested voles were removing tags
through either self grooming or allogrooming. MHg)s were chosen as a back-up.

This research presents the first use of VIE tagsvild mammals. Objectives
include determining: 1) whether the tagging techaigan be applied by a single
researcher in the field; 2) if the tags remainblesifor at least as long as alternative tags;
and 3) if the VIE tags aid in identifying animal®@vhave lost tags, thereby allowing one

continuous capture history, rather than two sepdratories.

METHODS

Sites— | used all four sites for this research: CFCECS, Carlton, and St. Louis. |
trapped voles from May-November between 2005 a8 20ut did not begin using VIE
tags until 2006. One site (St. Louis County) waspged from the research during the
winter of 2007-2008. Tagging in this manner begaor to logging, and continued after

harvest.

Trapping— Each of the four sites contained three independle 5 trap station grids

with 20 meter spacing and an adjacent 4 buckedlpéfray. Live traps were a
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combination of three styles: Sherman (8 x 9 x 23drB, Sherman, Tallahassee,
Florida); Ugglan (Special #3: 7.5 x 6 x 24cm. GrahnSweden); and modified Fitch (6.5
X 6.5 x 39cm; Bob Rose, Old Dominion Universityive traps were laid out in
alternating pairs, with each trap type missing fi@wf the 20 trap stations for 14 live
traps of each type per grid. Each treatment adgbahsingle 4 bucket pitfall array with 5
to 10 meters of aluminum flashing as fencing betwtbe buckets. Traps were opened
for 4 consecutive nights monthly from May througbvMdmber (hereafter referred to as a
primary period). Live traps were left in the fidlok the entire season and locked open
when not in use. Pitfalls were locked closed witightfitting plywood lid between
trapping periods.

Live traps were baited with bait-balls of cookedno@al and raw potato wrapped
in waxed paper and hung from the back of the tfeqaps were also stocked with polyfill
as a bedding medium. Live pitfalls were 35cm sqaaiek 33cm deep and constructed of
durable plastic. Pitfalls were baited with wholand live bee moth larva@dlleria
mellonellg, stocked with 10-20 cm of coarse wood sawdustremtan overhanging
plywood cover suspended over the trap to provigdteshfrom sun, rain, and meso-
carnivores. All traps were checked once dailyhemorning. Lumped trap nights across
all sites were roughly uniform across logged anldgged sites, though more voles were

captured in clearcut than forested sites.

Marking animals—I began tagging shrews with the VIE system in Na®6, and

started using it on voles in May 2007. During thésiod | captured and marked N = 365
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individual voles (157 males, 181 females, 27 undgneath ear tags and VIE tags. On
initial capture | weighed, sexed and marked eadd with a standard, uniquely
numbered ear tag (Monel #1005-1) as well as asiygt tag. Shrews were identified to
species, weighed, and marked with VIE tags. | ukesk fluorescent colors to tag
animals: orange, red, and blue. Use of three saltbowed for greater individualization
of marks. For all species the VIE tags were igdcéh the underside of the tail with a 29
gauge insulin syringe. A small (<0.01CC) amounthef mixed elastomer was injected
sub-cutaneously. Syringes were dipped in rubblogh®l and allowed to dry after use to
reduce transmission of disease or infection betvaegmals, but needles were used
continuously until the product became unusabléemieedle dulled. All marking was
done by a single researcher (see Figure 7.1).

On all subsequent captures, | identified the ahtaptured, weighed it, and
documented the condition of the two marks. |itexba new ear tag for animals that had
lost them but retained the VIE tag. | re-indivédimed animals that were identified as
losing an ear-tag at the end of the study by examicapture data to determine their
original identification number using a combinatimisex, site, grid location, weight,
capture history, and VIE tag color. Parsimony weesruling factor, and in cases where

multiple animals fit the criteria, the most recgriigged animal was chosen. In this way
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Figure 7.1 Single Researcher placing VIE tag

tag retention estimates for VIE are the minimumsae, and subsequent use of the date
for population analysis through Program MARK woakkume these shorter individual
life histories. | did not remark animals that wemessing a VIE tag. Voles that were
tagged but not re-captured were dropped from aisalys

These methods meet the ASM guidelines establikiragsearch with live
animals (Sikes and Gannon 2011) and were reviewadpproved by the Institutional
Animal Care and Use Committee at the Universitilainesota (Protocol Number:

0703A03590).
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Artificial illumination.—The VIE tags are designed to be visible in daylogriditions,
but have the added feature of fluorescing undeavittlet lights. This feature is intended
for use in low light or night time surveys. Sumhligvas typically sufficient to view the

tags, and the artificial light source was rarelgahed.

Analysis.—+assessed tag performance through a survival sisgllein and
Moeschberger 2003), considering confirmation ofltesg as the event in question. For
analysis, only animals re-captured at least onies &gging were considered. In cases
where a vole received more than one ear tag asu#t of loss, each ear tag was
considered independently, and only included inathalysis if the animal was recaptured
at least once after additional ear tags were plaéed@ct dates of tagging and recapture
were recorded for each animal, but the lack of bataveen primary trapping periods
precludes this level of precision, as it was imgmego know when a tag was lost
between trapping runs. Instead, | tracked tagigalrwithin and across primary periods.
A tag that was verified as lost within a primaryipd was assigned a tag survival length
of 0, tags that survived to the next primary perade assigned a tag survival length of
1, increasing by 1 for each subsequent primaryderi

| examined the effects of tag type (ear vs. VIE] aex on tag loss rate using an
equality of proportions test. | tested differehtay survival using an Asymptotic
Logrank Test. | generated Kapplan-Meier plotshove tag survival/failure. All

analyses were conducted in R (v. 2.13.1 for MacXd®3J1 1.40).
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RESULTS

Voles—Over the course of trapping, 365 individual volesre captured and tagged with
both methods; of this total, 237 (130 femalespfzles, 16 unsexed) were recaptured at
least once, allowing for analysis. | applied aktatf 310 ear tags to these 237 voles. Five
voles were not recaptured after the final ear tag applied, and this last tag is not
included in the analysis.

Tag losses are presented in Table 7.1. Significarore ear tags (27.7%) were
lost compared to VIE tags (4.6%) (equality of pujons test: X = 47.31d.f.=1,P<
0.001). Another 18 animals were captured with gars and no visible VIE tags; it is
possible that these animals lost both tags, incrgddE losses to 29 instances (12.2%
loss rate). It is also possible that the ear wpsed in another manner that resembled ear
tag loss, and the animals were initial captures.

Survival analysis shows the VIE tags survived lorayel were lost at a lower rate
than the standard ear tag regardless of which EWIE tag loss is assumed (n=11: Z =
6.70,P <0.01; n=29: Z=4.4R <0.01). There was not a statistically significan
difference in ear tag loss between the sexes floelenumber of individuals to lose tags
(X?= 0.95,d.f= 1,P = 0.33) or for total number of lost tag§’€0.46,d.f.=1, P=0.50).

Using minimum survival lengths—the number of dagswveen the tag being
placed and the last confirmation of the tag beiisgole—the 217 ear tags with calculable
minimums survived an average of 15 days, versusi3he VIE tags. The longest
surviving example for each tag was 468 days orséimee animal. Six VIE tags lasted

more than one year, versus only one for ear tags
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Table 7.1—Tag loss and retention for two small mammal talyssible Implant
Elastomers (VIE) and standard ear tags—in red-lwhekies Myodes gappe)i A total

of 365 animals were tagged at least once with &sgh Of these, 237 animals were
recaptured at least once, allowing for analysise mumbers below represent the 237
animals on which analysis was possible. Only cordd tag losses (loss of one tag while
retention of the other) are included below; an toidal 18 animals were captured with
torn ears and no VIE, indicating either the aninti@d$ both tags or injured their ears in

another manner.

Tags Visible Implant Elastomers Ear
Tags applied 239 305
Tags lost 11 85
No. voles that lost

0 tags 228 166

1 tag 11 59

2 tags 0 11

3 tags 0 0

4 tags 0 1
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Individual identification—I was able to positively determine the individiggntity of a
vole with a lost ear tag in 47 instances. | amptlee least-possible length parsimony rule
and was able to assign individual identity in adigdnal 28 cases in which ear tags were
lost. In a further eight cases minimum survivaigéhs of the VIE tag could be inferred,
but it was not possible to identify a potentialypoeis identity with sufficient confidence
for use in a mark-recapture analysis. In five sase/as not possible to gather any

inference about the animal’s previous identity.

Weight loss—On initial capture mean (standard deviation) \wemf red-backed voles
was 17.3 grams (£4.3). Since all animals recebati tags, it is not possible to
differentiate what impacts the two tags may hawkdrahealth of the animal
independently, but weight changes for animals caagleast once during the same
trapping period as initial VIE tagging were nottisi#cally significant (Table 7.2). Mean
weight difference of paired captures from initediging to capture the following day
showed animals gained on average less than 0.1sdtam0.74d.f. = 147,P = 0.46).
From initial marking to the second day animals twstverage 0.15 grams (t = 1.4,
=99,P = 0.29). By three days post tagging animalsdosaverage 0.4 grams (t = 1.33,
d.f.=39,P =0.19). None of the differences in weight wesdistically significant.
There were slightly more instances of day-day Weligss (n=111) than weight

gain (n=99).
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Table 7.2—Weight changes in red-backed voMy(des gappe)il, 2, and 3
days post marking with both an ear tag (Monel #b) ¥isible Implantable
Elastomer. Number of individuals to gain, loseslbow no weight change, and
mean weight change in grams. Mean differenceseight are not statistically

significant £>0.1).

Day 1 Day 2 Day 3

Weight increase 50 30 15
Weight decrease 49 46 16
No Change 49 16 9
Mean <0.1 -0.15 -0.4

160



Shrews—I marked 19 northern short-tailed shrews with VEwhich five were
recaptured (~25% recapture rate). | tagged 68 mariasked shrews with the VIE, of

which ten were recaptured at least once (~15% recapdte).

Tag movement-Movement of the VIE tag within the animal has betentified as a
problem in some taxa (Davis and Ovaska 2001). age appeared to change position
during the study, although the field marking amdited personnel precluded precise
marking and notation of mark location beyond gelnarea of tail (base, mid-tail, or tip).
Only one animal appeared to have shed the elastimuergh its skin based on a visible
scar. Movement of the tag completely out of thienéo the body or shed outside of the
body would be recorded as lost tags, and it isorasle to infer that tag shedding was

the cause of tag loss in most cases.

DISCUSSION

VIE tags appear to be a safe, useful, and effetdigging technique for small mammals
and show evidence to be a superior marking mettiocetl backed voles when compared
directly with ear tags, and an effective methodnfarking shrews. VIE tags lasted
considerably longer than the ear tags in voles vear@ lost less frequently. Figure 7.2
presents a Kaplan-Mier survival plot for the twggaand shows the clear “survival”

difference between the two systems.
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Figure 7.2 Kaplan-Mier survival plot comparing retention anddevity (survival) of VIE and standard ear tags.
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All ear tag loss occurred within the first primaogriod or between the first and
second primary period, most in the first few dafgsranitial marking. Ear tags that
survived to the next primary period appear to lb@imed at a high level. By comparison,
VIE tag losses were lower and spread out over ti@ely 4.6% of VIE tags were lost, of
which under half (5 out of 11) occurred during thiéial primary period. VIE tags

continued to be lost at a low rate across four ®(te. until the 4th primary period).

Individual identification—As noted in the introduction, individual identidition is
integral to M-R studies. Ear tag loss withoutYHE back-up would have split an
animal’s capture history into a series of tag his& As used here, the VIE tags
themselves were not sufficient to identify indivads, however they were invaluable in
generating these histories by tracking animalssscear tag losses and linking individual
animals before and after tag loss events. Capiatertes for these animals were only
possible because of the extra marking, and wittiw/IE these animals would likely
have been lost for mark-recapture analysis or whake diluted the quality of the data,
and made inferences of animal survival and movermiintult.

Individual identification with VIE tags is posséylhowever; developing a system
of alternating colors or number of marks would alli@r greater individualization using
the technique. Indeed, other researchers who lbegen using the technique in
endangered Pacific pocket mouBerognathus longimembris pacifiguid use a system

to allow for individual marks (Debra Shier persooaimmunication). Individual marking
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in the Pacific pocket mouse study required at leastpersonnel (Debra Shier personal

communication), which was not possible for thisegsh.

Artificial light.—The fluorescent tags used here are visible unoienal light conditions,
but are designed to fluoresce when exposed tovidted light. This feature is especially
useful for low light and dark conditions, such &gt surveys. All animal handling in
this study was outdoors during daylight hours, tedfluorescent feature of the tags was
not required, but was chosen as a safety mardimeievent that the skin obscured
visualization. As expected, natural sunlight walicient for identification of the VIE
tag, and use of the artificial UV source was distwed after several months of use. In
only 3 of the 480 observation were VIE tags recdrag lost on cloudy days, only to re-
appear on subsequent sunny days, and it is posk#ileontinuous use of the light may
have lowered the reported tag loss rate, but irigthe bulky light was not needed in
this setting. The manufacturer notes: “VIE is &afae in six fluorescent and four non-
fluorescent colors. The fluorescent colors are lijigtsible under ambient light and
provide the option of greatly enhanced tag detaatiben fluoresced with the VI Light”
(http://www.nmt.us/products/vie/vie.shtml, acces$@el1-12). Non-fluorescent tags

may also work in this application.

MANAGEMENT IMPLICATIONS
The intent of this endeavor—to verify tag loss &mde-individualize voles that had lost

tags and to separate initial captures from re-captun shrews—was realized.
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Researchers who work with these or similar animalsld be well served to use these

tags, particularly as a back-up to another tagpeties known to lose tags at a high rate.
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Chapter 8

Conclusion

Forest managers across North America, includingghio Minnesota, are considering
harvest of logging residue (CWD) to develop a sewrfcalternative fuel for electricity
generation, provide another economic opportunitythe timber industry, or manage
forests to lower fire risk. Such harvest is nath@ut ecological consequences. To
investigate some of these potential consequenaealyzed the impacts of woody
biomass harvest on vegetation and small mammalsee forests in northeastern
Minnesota. | divided each forest into three roygtdual parts: 1/3 of each site was
clearcut with slash retained on site and no hamiedbwned coarse woody debris
(CWD) or snags (retention treatment); 1/3 was claawvith whole-tree skidding, no
dispersal of slash, and intentional harvest of sraagl CWD (“removal treatment”); and
1/3 remained uncut to serve as an unharvestedotoingurveyed CWD and the shrub,
small mammal, and ground floor vegetation commasibefore and after harvest.
Harvest with and without slash-removal had a aersible impact on CWD. All
plots averaged about 400 ¥m? of CWD prior to harvest. After harvest, the slash
retention plots averaged over 800°mf while the slash-removal plots contained only
320 cnf/m®. The majority of the slash increase in the rétenplots was newly dead
wood created by the logging, while this type of watecreased on the slash-removal
plots due to harvest. Remaining CWD on both staséntion and slash-removal harvest

plots were on average shorter than the naturatyrming CWD of the pre-harvest
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condition. Shorter CWD may decay faster and be Useful as travel corridors for small
mammals than natural CWD.

In chapter 1, | laid out several hypotheses abwtikely impact of harvest on
vegetation and small mammals. Here | summarizéndengs in regard to these
hypotheses.

Hypothesis 1 Harvest following either of the two treatment praits will increase
overall small mammal community abundance, but Idlwvercommunity diversity of the
slash-removal plots relative to pre-harvest andtoalrplots.

This hypothesis was supported by the results,ghmot strongly on all sites.
Community populations increased with harvest adipted on CFC1, declined on all
treatments on Carlton due to the crasReémomyscusbundance, and increased by a non-
statistically significant amount on CFC3. Diveysibeasures decreased by a statistically
significant margin in two of the three slash-remdw@atments, but not on the Carlton
Site, where measures of diversity increased aB¢nemsycusbundance declined to

more even levels with that of red-backed voles.

Hypothesi: Total small mammal abundance and diversity post4strwill be higher
in the slash-retention than the slash-removal treett.

This hypothesis was also weakly supported by #ta.dIndices of diversity were
higher for slash-retention treatments than slastekal treatments, though this
difference was only statistically significant onC¥. The gap in diversity values for the

treatments began to widen by the second year.
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The small mammal community responded similarly ssithe harvested treatments
within the sites, though the magnitude of respaliered. Generally captures of shrews
and chipmunks declined post-harvest, estimat&eodmyscusemained more or less
consistent with pre-harvest levels, and the aburelahred-backed voles increased by a
statistically significant amount following clearting. Paired control sites also showed
declines in shrews and chipmunks, and althouglhéineested sites generally exhibited
steeper declines, post-harvest populations arstatstically different between the
control and harvested plots for these speciesulBbpn estimates fdPeromyscuslso
responded similarly within sites across treatmeiitsis is not the case with the other
dominant small mammal, the red-backed vole. Voimipers increased post-harvest on
all but one harvested treatment (voles declinedCtR€3 slash-removal treatment by a
non-statistically significant level) and declined @l control sites. Vole numbers
increased more in the slash-retention treatment ttha slash-removal treatments across
the sum of sites, and the difference between todit®atments appears to be growing
after two years.

Harvest had a generally positive effect on smalhmmal biomass and total
abundance relative to paired controls, and on ehtie three sites the slash-retention
harvest had the highest mean biomass and comnpoptylation size/sampling session.
As was the case for the red-backed voles, therdiifee between the harvested treatments

increased from year 1 to year 2 post-harvest.

168



Hypothesis 3Removal of logging slash and CWD will lead to & ldiwerse plant
community and decline of more sensitive species.

Species richness increased as non-native spetiesoane native disturbance
species spread to the sites. Shannon’s Indexefsity remained steady on both control
and harvested treatments. Some individual spsaciels as members of the Liliales did
decline in abundance. Few species, however, vaempletely extirpated from the
harvest plots, and those that were had limitedgmess (<10 plots) prior to harvest. Other

native species such as bigleaf asiemgacrophylla responded positively to the harvest.

Hypothesis 4Removal of logging slash and CWD will open thee&i to more invasion
by non-native species.

| found good support for this hypothesis. Praharvest bare ground (exposed
mineral soil) was rare in all plots, and whereid eixist was a product of natural
processes such as windfall of large trees or antmabwing. After harvest exposed soil
increased on both harvest treatments to cover 68fash-retention plots and almost 12%
of slash-removal plots. The slash-retention plet®vered to average on 2.5% plot
coverage by the second year, while on the slaslwrahplots bare ground still accounted
for nearly 10% of plot area.

Prevalence and richness of non-native plants a&sere in both harvested
treatments. By two years after harvest non-napeaxies richness between the two sites

was similar, but these plants made up a largerepgage of the slash-removal plots then
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the slash-retention plots. This was especially far the CFC1 site, where non-native
plants covered 14% of slash-removal plots, twiee® rate of the adjacent slash-
retention plots. No non-native species were calimeny control plots on any site.
There is likely a causal relationship between theelground and non-native species;
exposed mineral soil improves seed germinatiorf) bbtlesired and undesired species.
Although exposing mineral soil is also done for biemefit naive tree species such as red
oak (M. Cornett, personal communication, Eric Zenpersonal communication) the
potential expansion of non-native species may hegative consequence.

Prior to logging only two non-native species wknend in the sites, a richness
that increased to 15 species by the second sunfteeharvest. Some of the new
species were found only on the margins of the stdadjacent roadsides and ATV trails)
while others were more widespread. There are akpessible explanations for how
non-species spread to the sites. Non-native spegidd have spread from adjacent
existing seed sources, or could have been tramsptwtsites on logging equipment. No
requirement was made to clean equipment prior terierg these sites. Determining the
origin of the non-native species was beyond th@esad this dissertation.

Harvest of both types resulted in a similar flo$loverall plant biomass, as
shown by the summed coverage of all taxa. As nalede, a desire to minimize
research impact on the plots required only passigeal observation of plots, rather than
an active, destructive sampling that would havevadld for direct measures of total
biomass through dried weight. Overall summed cayerveraged over 150% of pre-

harvest coverage across both harvested sites, venilaining essentially constant on the
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control plots (a non-statistically significant retion of ~20%). Coverage of native forb
species declined across both harvest treatmethg ipear immediately following
harvest, and remained below pre-harvest levels @ite years. The reduction in native
forb coverage was not significant for the slaslkem@bn plots after two years, but
remained below pre-harvest levels by a statisyicafinificant margin on the slash-
removal plots.

Much of the flush in vegetation across the haeasteatments was of grasses.
Overall graminoids (grasses, sedges, and rushagased on slash-retention plots from
an average of 12.5% plot coverage prior to haee87% afterwards; and by a similar
margin in slash-removal plots (14% to 36%). Grasklined over the same period in
the control plots. Although | was not able to itiignthe grasses to species, there are
known invasive grasses in the region, and highsgdassity is known to inhibit tree
growth. | observed the phenomena of a flush imgnaids following harvest across the
region, and in some cases have noted that theegrasay persist in the understory for

years or decades post-harvest.

Hypothesis 5: Whole tree skidding will inhibit regeation of hazel.

This hypothesis was well supported by the datazeHdensities were lower on
the slash-removal treatment post-harvest (2.66steafter two years post-harvest)
compared to the slash-retention treatment (4.87gtef). Hazel on the slash-removal

treatments were predominately of the smallestdess, with nearly all shrubs more than
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0.5m removed via harvest. Shrubs of this sizedfaetter on the slash-retention

treatments.

Hypothesis 6: There will be a noticeable drop enstdensity for shrubs commonly found
in the interior forest in the slash-removal but tlo¢ slash-retention plots.

This hypothesis found little support, with the egtion of a decline iWaccinium
spp. (only a single stem post-harvest) on the glastoval treatment. Although 17
genera of shrubs and vines were recorded in dtdeasplot, only a few species (such as
Acerspp andD. lonicerg were found in great enough numbers to infer dfgcts from
the harvests. Conversely, shrubs less strongbcaged with shade such Bslonicera
andSalixspp. increased in counts after harvest on botlh staatments, and by increased

more in slash-removal than slash-retention plots.

Hypothesis 7: Rubus spp. stem density will incressker both harvest treatments, but by
a greater degree on the slash-removal treatment.

This hypothesis was not support&ilibusspp. responded similarly in the two cut
treatments.Rubusstems increased from 0.93 stentfsimslash-retention plots and 0.53
stems/mMto 2.71 and 2.95 stems7mafter two years respectively. Increases in stem
density in each treatment were statistically sigaiit relative to pre-harvest conditions,

but were not different from each other.
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Hypothesis 8: Retention of coarse woody debrislesltl to lower densities of aspen
suckers relative to the removal treatment.

Density of CWD inhibited aspen regeneration, nly @t the highest densities
observed, moderate levels of CWD did not appeanpact aspen sucker density in a
meaningful way. In fact of the four plots with arti CWD load greater than 900 ¥m?
only two had aspen stem densities at levels belavdonsidered adequate for successful
regeneration, while four of the remaining 37 pl@tgerage hard CWD density of 150

cn’/m?) also fell below this level.

Another commonality between the two harvests waséaklponse of the overall shrub
community, including aspen stem regeneration. Sedatross all shrub species, total
stem count nearly doubled from ~8 stenfsém both harvested treatments to ~16
stems/m after two years. Stem counts also grew in thacatijt control, but by a
statistically significantly smaller margin. Incess inRubusandPopulusspp. were not
statistically different between the two harvestetypbut beaked hazel (Cornutg was.
Slash-retention plots averaged ~3.5 more stefrisyam slash-removal plots and just over

four more than control plots.

In considering the sum of differences betweenweharvest types, it is clear
that the disturbance due to harvest itself plaigsger role in determining the trajectory
of the stand than does the removal or retenticd@WD. In comparing the two

treatments, parameters such as increase in grairgowger, fate of most shrubs, change
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in Rubusstem density, and native plant species richnegsagpen regeneration did not
differ. However those metrics for which there weedifference deserve consideration. In
all cases where there were statistically significifierences between the two treatments,
the slash-removal treatment yielded a less faverabtcome for wildlife and native
conditions than did the slash-retention treatmdihtis is especially true for the loss of
native species cover, the increase in bare gronddan-native species cover, the loss of
CWD, the decline irC. cornuta and the emerging difference in small mammal b&sna
Of these differences, | am most concerned withntbeeased bare ground and non-
native plant presence. Not all of the species entsved on my plots have been
identified as posing an invasive threat, but someshand others may emerge as
problematic species. The case against invasivaespis well known, and activities
which exacerbate their spread should be avoidedenfeasible. The greater levels of
exposed mineral soil created by the CWD removalccoantinue to provide an
opportunity for non-native plants to become essdigld. Although all of the non-native
and potential invasive species identified in thiglg were forbs, there are invasive
grasses, sedges, and rushes that could potemtiedigie sites such as these, as well as
potentially invasive shrub species. Northern Mswta is currently threatened by
common buckthornRhamnus cathartigaintroduced honeysucklesdniceraspp), and
the shrub-like Japanese knotweEdllopia japonicg (personal observation, and Molly
Thompson, personal communication). The absentieest species on my sites was
likely due to a lack of a seed or other propagol&ree on the sites, and not an inherent

resistance of the systems.
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It is important to note that these are only immagelimpacts one to two years
post-harvest. It is not known if these differenagél$ persist. The sites should be
revisited in the future to better understand lorigem impacts.

As this study progressed the MFRC developed afsailuntary guidelines for
biomass harvesting, “Voluntary Site-Level Forestisigement Guidelines for
Landowners, Loggers and Resource Managers.” Th@eGnes call for the retention of
pre-existing CWD and snags, and for the scattasfr@f% of generated slash back onto
the site (MFRC 2007). This study tested the twmesRes of complete slash-removal or
slash-retention. It did not test the ecologicgbatis of 20% retention. The impact of
intermediate levels of slash-retention is leftfitture research. Since the Guidelines
remain voluntary in most instances and may nobliénely followed, a test of the
extremes is still valuable, since it is reasonablassume that some harvests may come
closer to the full slash removal here than the mtaty goal of 30% slash retention. If
there are differences in key indicators betweenwlweslash treatments, future research
could compare intermediate levels of slash-retarntiodetermine if the impacts increase
in a linear fashion, or if there are tipping poiatsphase shifts. Further, the work here
seems to indicate that it is thet of harvest, rather than the level of harvest #iigtcts
the forb community and opens the site to increasednative species invasion.

The future of woody biomass harvest for energyaiesiin doubt, at least in
Minnesota. Initial interest was high, especialtyamg land managers, foresters, energy
producers, and those who advocate for the timlskrsimy (Arnosti et al. 2008). Despite

numerous research reports, conferences, loggdaaddwner workshops this
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enthusiasm has not translated into reality on tbamgd. A 2012 survey of logging
operations in Minnesota revealed that the numbérroé that owned the equipment
necessary to prepare the wood for shipment to a&pplant had actually declined since
the development of the biomass guidelines in Miotee§MLEP 2012).

Whether woody biomass harvest plays a large roMinnesota forests in the
future will largely be determined by economic fa@nd distance of the forest to market.
Currently, woody biomass harvest is only econoniitabnjunction with traditional
harvest, and not as a stand-alone operation (DraCparsonal communication).
Additionally, the equipment needed to shred ordjthe biomass into the form the
powerplants desire and then deliver the producegpensive to purchase and costly to
operate. Not a single operation reported to thenésota Loggers Education Program
that they intended to purchase new equipment imétae future, and only five pieces of
used equipment were being considered for purcltMkER 2012). The economic and
transportation logistics meant that only about ¥@d harvest volume in Minnesota was
chipped or ground for any use (energy productioatber) (MLEP 2012).

With these concerns noted, however, the ecologlgeofystem does not depend
on the logging residue being sold, only that rteisioved from the forest. As | noted in
the introduction, whole-tree skidding and centiaiesting—the technique used in my
research to attain the slash-removal treatmentsikely now a reality for how our
forests will be managed. The slash piles createldis process may never be sold, but
instead burned or left to rot in the landings whbey were created. Whether it is

removed from the forest, left in a single pilegpllin windrows, or burned, it is not
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available across the entire stand, as would bectagérom natural mortality, my slash-
retention treatment, or the intentional redistribuicalled for in many guidelines.
Removing slash has the potential to lower small mabcommunity diversity, reduce
the density of small mammal biomass, and negatiaiéct the abundance of some
species relative to harvest with slash-retentibhese differences are slight immediately

post-harvest, but could increase with time.

Recommendations:
1. Woody biomass harvest should only involve gegadrdogging slash such as tops and
limbs from harvested trees, and not pre-existiragsrand CWD.

In the research here, loggers were allowed todishdemove existing, naturally
produced CWD and snags. | did not test the remofvgénerated slash with and without
the concurrent removal of natural CWD, but givea ithportance of these features as
noted previously in this thesis, and the incredsmgiesting effort needed to secure these,

| recommend that only the generated slash be ceregidor harvest.

2. Forest managers should take care to reducéntineduction/expansion of non-native
species, which may benefit from biomass harvesindS with adjacent sources of non-
native species (such as roadways or adjoining santhy be more vulnerable to
increased colonization. Sites with no non-natpwecges may benefit from cleaning

logging equipment prior to harvest to remove a pté&d source of seeds and propagules.
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Prior to harvest there were no identified nonyreaplants on the Carlton site,
while there were on the CFC1 location. Post-hdrlesincrease in invasive species on
the CFC1 was greater than that on the Carltorbgite statistically significant margin.
Harvest of forests that are not already colonizethbse species may be able to better
able to resist invasion. The increased mechapresglence and subsequent erosion as
well as the direct removal of CWD seems to lowerrdsistance of the system to
expansion of invasive species, as demonstrateldebintreased levels of these species on
the removal versus the retention plots.

Even sites with assumed low-invasion risk may reoséfe; the more remote
Carlton site still experienced an increase in native species. While | am not aware of
any studies that have shown invasive species spodaelinherent to harvesting of
forests, | have found non-native plants in neavigrg harvested stand | have visited in
the region. If foregoing woody biomass harvest @tdining the slash on site boosts the
resistance of the system to invasion, then it negelasonable to proceed with caution on
harvesting in all currently non-invaded forestsableast forests of higher ecological
value. In this scenario, currently invaded forests/ become sacrifice zones where
woody biomass harvest is allowed even knowing iy marsen the problem, while it is

limited in non-invaded forests.

3. The currenMFRC Voluntary Guidelines for Biomass Harvest (MFRID7) should

be investigated to determine if they are beneficial
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As noted above, this study attempted to test xtremes—complete harvest of
CWD and no harvest—and not intermediate harves$t same retention. It is possible
that there are tipping points and that the systerasilient to some level of harvest.
Alternatively if it is the increased machine usé arhole-tree skidding that results in

impacts then partial harvest may engender simitgaicts to full harvest.

4. The sites here should be re-visited in theréuta ascertain whether the differing
impacts between the two harvest treatments wereneptal or more longer-lasting.
Future sampling may illustrate whether the two lested treatments are progressing
through ecological succession in similar ways, tether the extra disturbance imposed

by CWD harvest has shifted the succession trajgabthe slash-removal treatments.
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