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ARTICLE INFO _ ABSTRACT

Kzﬂvards. Forest managers- are often tasked: with balancing opposisig DbjECElYeS such as altering forest structiwe and’
Enrdangered species conserving forést-dwelling ‘animals. Consequently, to devélop ‘holistic straiegms manages$ require information
chuon&idr:]wﬂm on haw forest manipulations-influence. species. of ‘conservation concern, particularly those that are federally
Hlurdle m

l.ntensny of iisé”
Legius americanus

th.rcatened or mdangered_ ‘Here, we characterized how differing silvicilhiral lreatments (h = 1 ,293 - farest.
thinnings; removal of small trees, Selection cuts; trees harvested in emalt patches, and regeneration cuts;.
clearculs. of nearly- all- l:mas) influenced the resourge use- of ‘a threatened: fm:est caimiviore, Canada 1ynx (Eynx

gﬁ;ﬁ; canadensis), overa tempural gradlent of '1-67 years a.fter treatment, To do- thJs we used an‘extensive GPS dataset
Patih use on 66 Canada lysx {Le 164,593 focatiansY eollected during. 2004-2015 within:the Norihern Rocky Mountains;.
Resource selection U8, We-used univariate analyses and h\.l.l'dll:. regression models to gvaluaté the Spanmtempnrai factors influ-
Silvienlnure encmg lynx use of treatments Cur: analysm indicated. that Canada lymc used trédtments, bt there was &.con
Snowshoe hare i in-thatt  However, cumulative use (in

W D 1o ——‘iO)rears aftgra]l silyvi
and: ¥ : - s after a thmmng treatinént, whereas it-took.
=3 aﬁer i scIlzcnan or regenv.ratmncu . This’ mchcated that Canada- Iynx.used thmnmgs .at a faster
rdte post treatment than salection or regeneration cuts, and that iynx.usad selecurm and.ri generaton cuts in a,
sfinilar fashion. over tiie. ‘Further, we discovered: that’ lynx oeriipa and. mtenstty of trédtment use was-in-
fluenced by the camposition of forest stricture fo. the surmuudmg neighborhood. In some knstances, thie existing.
forest structure surrotinding the-treatment and thiy time since trestment’ mtera:tlveiy inflienced lynx use; a
pattern characterizing a. Spatm—temporal ﬁmcﬁcmal response. in. ha‘bnat Aise, This- demonstrated that both the.
réeovery timeas well ag. spaual context of a: pamcular area are mporrantcunaderauons whenlmplemenung g
different silvienitural. l:reatmeuts for Canada. Jynx-at the landscape seale. For example, if 2 2 salection cut was.
implemented abtmdant mature, ‘nilti:storied fcrest g, a pre.fmed ‘habitat by lynx) in'the surrounding.

landscape; iynx ‘would se these treatments less over time thian if the neighbortood contained less mature forest,

Forest managers cari apply oir spatio-tesporal understandmgs of how lyix respond 1o forest silvicuiture to

‘refine wxpectations ang develiop. swategies aimed at both forest- management-and the conservation of Canada

l_ymc..

1. Introduction

Forest: ‘managers; and in partlcular those of public lands, afe in--
cre.asmg!y faced w1th the t:hallenge of balancmg npposmg objecuves
thie conservatzon of threatened -and endangered specm that rely o1
complex forest structures, while. snnultaneousiy Mmeanaging dssturbance

fe.g wildfire risk, baik beetie outhreaks) or forest produtts through
siiviculiure {e.q., Zietinskf er al | 201% Brephens et -al, 2014, Tergel-
aral., 2014; Swiltzer &t 4L, f"J‘u) Unfonunate!y, the difficidty: of na-
wgatmg these issues has only incréased in. recent décades ‘given’the
increase in forest djsturbances stech as wildfire. and; bark beetle out-

breaks' (e.g, Westerling et al., 2006 Bedtz ef al., 2010: Jones ot al.,
2018). Balanting species, congervation and anaging foresr
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2.2, Silviculiural treguerits, surrounding forest structure, and treaimetit tse
by Canadn limx.

2.2.1. General overview of arnalysis
Our main objective was to characterize how time ince treatment,

treaiment type, and surrounding forest structure influenced tréatment.
1ise by Canada lynx. Given the diversity of sllwculmral freatments

within lynx home ranges, we. first developed an ecolog:lcaﬂy~based-

framework to stratify tréatments: We used the U.S. Forest Service’s:
FACTS (Forest Activity Tracking System) database and a time-series.

{1972-2014) of the Normalized Burn Ratio (NBR), a variable created

ffom'the:Lanﬂsat' archive using the near infrared (NIR) and shortwave

fnfrared (SWIR) bands (i.e., NBR =NIR — SWIR/NIR +SWIR), to
identify distirict silvicultural tyeatments arid evaluate the fesponse of

vegetation as a function-of time since treatment. The NBR is.sinilar to

the Normalized Difference Vegetation Index (NDVI = NIR-~ Red/.
NIR + Red}, but previous work has demonstrated that NBR outper-

forms NDVI when assessing’ differences .in vegetation impact (e.g.:
Harrds &t 41, 2011).-For instince, the gradient of
the NBR wis 1.6-2.3 times wider than the. gradient: of NDVE for the-

fiscoin et al, 2008

same areas impacted by wildfire {Escuin er.al, 2008; Harriz et-al,
201%), which highlighted the ‘inéréased resolution.of ‘the NBR to dlS--

cern differences in vegetation responses. Therefore, we used the. NBR_

to validate our treatment stratification from FACTS, which we.ex-

pected 10 Capture-a gradient in vegetation impact ‘We then tised-this’

stratification, -along- with univariate- analysas anid hurdle regression
models (Mullahy, 1985; Zeilels et 'al; 2008); to address spatio-tem-
poral -questions concerning treatment use (i:e., both occupancy and:

intensity of use) by Canada lynx. Gur apphcat.lon of hurdle models was-

similar to evaluations of patch occupaincy and intensity of use for
woodland- caribou {Rangifer tarandis caribou) in residual forest: stands
{Lesmerises et.al.. 2013

2:2.2. Canada byt dota

We uséd a datasct of GPS locations {154,593 locations; Fig. 1) from.

Canada lynx.-that occupied managed- landscapes to assess their use of
silviciliirat treitments. During 20042015, we; dptured. and equipped.
66 lynx: with . store-on—board GPS- units (Lntek Wireless, Newmarket,
Oritario, Canada or Sirtrack: Ltc'l Havelock ‘North, New' Zealand). Oz
capture, eﬂ'ans were approved by the Institutional Animal Care and Use:
Committee (Univessity. of Montana. IACUC permits 4-2008 and

TE(53737-1}.‘We prograimmed. GPS collars to collect a location every

30 min for 24h every other day for the-life of the collar -(generally
68 months): Spatial dccuracy of locatiofis. averaged 30mi ad veported

by -3quires et 4t (2013} and fix rate was approximately 86% (see

Holbraok et al., 2017a. for additional details on GRS data: processinig).

We fissessed occupancy and iftensity of use of treated patches acrogs:
~ Ociober) and winter;

seasons, which we defined a5 summer. (April
{November — March).

223 Smu_ﬁ'mg sitvicultural treatments with the- Nomahzed ‘Burn. Ratio-
‘We.used the U.5. Forest Service’s FACTS database to. 1dentlfy‘ dif-.
ferent silvicultural treatments that océurréd within Canada lynx home
ranges (home-ranges defined int Holbrook e al., 2017a). The FACTS
database {s'a patch-based geuspaual layer of silvicultural actions with
_records going back to the 1920g. Aithough useful for many research
apphcauons {g:g., see applications: of FACTS in Zielinski ef al,, 2013:
Tempel ot al, 2004 Svisitzer et al, 2016}, FACTS data suffers from

spatio-témpéral errors in termg.of treatmernit extent within polygens and

timing of melementatmn Therefore, while others have: agsumed. dif-
ference among treatment strata dérived from FACTS, we imglernenited

a novel assessment to validate oui sivatification using a:time-series of

the NBR.

We used the FACTS database to develop an initial set of six forest
treatments, which wete composed of 25 unigoe silvieubtural activity
type.'; (Appendlx A- Table A1) The six silvicultural treatments
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incuded: 1) group selection cut (r.=11: trées harvested in-sniall
patches usuatly less than 1 ha anid Tegenerated natum]ly oz by planting),
(2) iberation cut (n = 60; overstory ar competmg trees removed moved
to’ hberate subject-trees), (3} inaprovement mprovement cat (r =-85; removing trees
from-all size-classes as to iinprove thé residual tree qualify-and growth
rates), (4) precommercial thinning (n = 346; thinning small’ trées
~15cm as fo modify. speues composmcm and- promde growing space
for residual trees), (5} mge_neranon eut with natyjral regeneration

“(n="360; clearcut resultinig in the remoye all or the majority. of high

forest cover as to regenerate a siand fiom sced}, (6) rege.neratwn UL
with planting (n = 431; dleartut resulting in the removal of-all or the
majority of high forest coverand plant trees). We expected fegeneration,
culs to represent the most severe impact to. vegetation followed by se-
fection cut, libetation cut, improvement cut, and’ ‘precomiercial thifi-
ning;a mtal of 1 293 reated patches {i.e. silvieultural cuts or thinnings)
were included:in this analysis. We only considersd patches that were.
adified I:hrough a single action {i.g., we excluded patches with myl-
tiple’ tweatmerit. actions) and we discarded any parches that were’ af-
fected by wildfires.

To evaluate végetation: nnpact and TeCovery we agsessed how the

"NBR: changed as-a function of treatment type and fitne since treatment.

We developed the timeseries of NBR for our stiidy area using the
Landsat archive as part of the tdme-series analyms in Savage et al

£2018). We calculated the nean NBR ‘across dil treatmant patches for
each year since treatnerit (starting ar year 1). We then evaluated how
mean NBR { & 90% CIs) for each year and treatment changed as a
function. of time sifice treatient, For this analysis, our temporal gra-
dient ranged up to 39 years after a treatment. Our préemise was that if.
the silvicaltural tieatments created distinet’ vegetanun condifions after

-a harvesti, the trajectory of vegetation recovery (indexed via NBR)
would differ by tzeatment type. We used program R. (R Core Team,

20177 to complete these analyses.

Our injtial assessment of the-NBR across time sinee treatment in-
dicdted there weré some. natural gronpings ariiong different wweatment
types (Fig. Za). For iftstance; hbaratlon cuts and gréup selecton cuty, &
well as hnprovement cuts and precommercial thinnings, gencrated st~

"milar NBR tégjéctories (Fig. 2a). Therefors, we reclassified -our treat-
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ments into the followirg. strata (Appendjx ATable 8.t%

“Hon® ‘cuts (combmed regeneration: ciit with: natiral reg ene}auon and-

rcgenerauun cut with plantings; n = 791), (2) sélection cuts: (combm.ed
groUD selecnon and . liberation. cut; n =71), and {3} thmmngs {com—
bined fmprovemént cit and precommercal. thiniing; n'=431), We
thed Tepeated oir NBR analyses with these combined. strata, which
demonstratéd. the distinet patrers. of vegetition change across these
three groups (Fi, 2B -Consequiently, we bsed these three (reatments as
our-final suite of silviciltural actions (régeneration cut, seléction cut,
and thinning), which captured a low-(e.g:, thinning) t¢ high (&.g,, re-
generation cut) gradient in ireatment severity,

Tni-order 10 ensiire that our freatment sifatification was relevant to
Canada lynx ecology, we calculated the ranjge of NBR at GPS locations
for all lynx-(n =64 lynx, 63 204 locauons) sampled durmg the winter:
season. We used the winter season becasise - wintér is whin lynx exhibit
more. Spet:l.ﬁ{'.lty iy habitat selectmn (Sauires et al., 2010; Halbrogk
et a, 2077g). Based on previous. work: hlghllghtmg the dispropor-
nonate née of mature forest sictictres by lynx (Sgmires ot al, 2010;.
Holbroak et al, 2017a), we expected Tynx to:use & high valge, and
narrow range of the NBR, indicative of recovered _vegetation. We ca.l-'
culated 4 mean NBR (from 2013) $or éach lynx and subsequently cal-
culated the. mt&rquartzle range (IQR). We then evaluated howv the:IQR.
related to the NBR. trajectones associated with our three sitviculiisral
tréatmenits (Fig. 2b). Consistent with ourhypothesis, Canada lynx used:
a_high value and narrow range of the NBR. (fyhx IQR in Fig. 2b) in-
dicating that our stratification of silviculfural treatments was relevarit’
tolvnx.
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Fig. 2. Mean { = 90% CIs) Normalized Bum Rano (NBR) * 1000 per year. for Ench treatment Lype across a grad:ent in fime since treatment: (starting at'year £1) during
1972-2014 (ie., 1-39 years post-treatment) for cur potennai stiite: (2) as vrell as-our ﬁna] et of treatmeants; (b): Horizontal lins in {b) represest the. :nterquamle
range of NBR at'GPS locations- averaged for 64 Canada l)rnx (I.)mx canadensis) dunng the winter season. Regen fndicates Tegeneration, -

2.24. Evaliuting Canuda lynx use of silviadurel treatments
With' our sitvieuliural tréatments identified, we then:evaliated ous
main questions concerning-how time since ireatment and  the: sur-

rounding forest stricture influenced patch occupancy and intensity of

use 'by Canada Tynx durmg winter:and summe (see Fig. -3). Patch oc-:
cupanc'y was defined as the presence of a GPS location within a silvi-
cultural treatment; whilethe intensity of use was defined.az- the numbes;:
of \GPS lacations within a silvicultwral freament (‘.LE for all patches,
that wéte scodpled), For each irested patch within Canada ]ynx home
ranges; we. caleulated the patch size (m?®) and the number of lynx lo+
-catipns 'within the pateh. ;

We buffered each treatment by 1.5 and 4lan (e.g., Fig. 3, wh.u:h
-votresponded o the 95th- ‘percentile of ‘hourly movement rates by Ga-
nada lyrix and the. radms of mediarni ome range sizes of lynx reported in’
Holbrook et al. (2017a) We calculated the. proportion of forest sirue-
tural stages:{e.g., Fig. 3) within ‘esch buffér issivig’ thie raapped predic-
tions (~B0% classification accuracy) from Savage et al, (2018}, Forest
‘structural’ stages included: (1)-staud initiation (& £y ~0—3yeam after
disturbance ‘with:few Jarge trees remaining), (2) sparse- forests. (6.8,
naturally gparse or "mechanically thinned; and. generally G years
after:modificatibn), (3), advancéd tegerierating forests (e, £ genm'ally

(a)

o Buffer

% Treatmenit s,
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~25-40 years old with dense horizonial and vertical cover); and (4)’

‘mature forests {e.g., multi-storfed stands. generally = 40-50 years old

mth -dense, horizontal and vertical cover). Holbrook ot al {20172}
quantified the differeness among these four strctural stages in.mich

greater detail wsing Forést tventory and- Analysis data (sé& Holbrook
et al.,

2017a). We used the L5 and 4 km buffers simply to ‘dentify. the:
seale that fit the data best the propartion of foreét structuraf stages

were hlghly correlated across scales (= 0.74) and thus captured si-

milar’ variation.

Mot dll treated patches were sarnpled equally by lynx throughouta
home range. Therefore, we counted ‘the number of GPS locations. out-
side of the treatéd patch:biit within the 4 lan buiffer, which served ag-an
iindex of treatment-level samplmg intensity by lynx In. addition, for
every tredted. patchi we dévéldped atime sinde. tréabmént variable by
fnding the median: year.of the lynx GPS loeatens within the 4km
busfer dnd subtracting it from the 3 year of treatroent. Co]lect:wely, these
dita. generated -a-suite-of five: ‘explanatory “variables- (somé of which'
were summarized at two scales; 1.5 and 4km?) and’ two -response
varjables (Table I). Weé'used ArcGIS (ESRI 2011). and 'the Geaspatial
Modetling Environment {Beyer. 2012) to ‘develop ot suite of variables.

The patch sizéd of a treatment as well as the sampling. intensity by

Fig. 3. Example of. our- sampling séheme' to -
derstand how silviciidtuiral treatmiénts, time since
mreatment, and- surrounding . forest structure in-
fliien¢ed patch octipancy:and i intensity.of use by
Canada lymx (Lynx canadinsis). Dots indicate. Iymx
GPS lucations: Panel. (a) shiows that a regenera:
“tion cut from 1979 was occupled {i.e., at least 1
locanon in treatment).and: intensely used (ie., 17
totat locations #h (reatment)’ by Canada- Tynk..
Panel ('b} shows’ the chstnbution of forest stiucs
tural stages outside: of the treatinent but jnside
iHe buffer.cox: nelghbnrlmod ‘Abbreviations Stand.
Init and Adv Regen indicate stand initiztion ‘and
advanced regeneration; respectively.

'Stand Init Sparse Adv Regen. Mature
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Table 1
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General summary-of variables {across treatment types: regeneration cut, selection cut, and thinning) used to evaloate how silvicultural treatment influenced patch

use by Canada:ynx (Lymnix canadensis}.

- ._L.

Variable Description Mean: (Rangé)
Rissponse Presence/Absence of a GPS-location Patch-level NA; binary variable
' ' Cousif-of GPS locsitions Patch-level Winter: 5-(0-215)
) Symmiers 7 (0—417)
Offset components Patch size Parchilevel 12 hia (0.40-167 Ka).
GPE lovations-in-4 lan neighbisrhood -4 'tan-neighborhood Winter: 1,149.(1-5; 327}
Summer: 1,850 (1-8,102)
Explanatory Timte sinee treannent Parch level 32 yrs [1-67 ys).

Proportien. stand ixiliation
Proportion sparse
Praportion advanced regefnation

Proporticn matire

"1:5.4nd 4 ke nefghbathocd. 15km.034(000-05m'
4 km: 0.5 (0:00-0.40)
1.5km: 6.21 {0.02-0. 78)"
4 km: 0.24 (0.07-0:67%

1,5 km: .18 {0 01-5.52)°
4 knr:0.16.(0.02-0.67
1.5km: 0.57 (0.08-0,91)"
4 Tan: 0.5% {0.08-0.793°

1.5 aid 4 kim neighborhood
1.5 and 4an neighborhood.

1.5 and 4l neighborhoad

1 Valies were similar for sumimer and winiter,

Iynx in the.4 km buffer could influence the probability: of occupancy-

and intensity of patch use by Ganada Iynx (e.g., larger patches sampled
moze intensely within the -4km buffer are likely to be used more;
Lesmerises et al, 2013). Thereforé, we incorporated: the ‘samipling in-
ténsity. and the patch size of a tmatment as.a correction, or an.: offset in

our regression analyses, for our measires of patch. sceipancy and i-.

tensity. of use (Tdble 1). For our inftial asseisments of the intensity of
use by lynx, we-applied the following equation:

Initensity of Use
_ - Number of GPS locations in. a patch )
log{Number of GPS locations in-4.km buffer X Patch sizé)

For all analyses, we only evaluated treated patches that were sampled’

by lynx (6., at least 1 GPS location in thé 4km bidfér). Thus, all
treatments | were generaily* accessible to Iynx and -oux “analyses were
appromately at the thitd-order of rescurce use (Johnson, 1980).
Wwe initially ‘assessed- how the: intensity of use by lynx was dis-
tributed across. our: gradient in. time since treatment. Begaise of the
heterogeneityin sampling intensity by lyiiz, wé used- the makimum’

infensity of'use for-each: year across our -time:since harvest. gmdmnt .

Next; we asseséed differerices in-the temiporal distribittion of Tynx use

across the different silvieultural treatments; which. enly included the:

patches occupied by ‘Canada Iynx fie, =1 GPS location within .a

tréated pateh). We used an analysis of variance (ANOVA} to evaluate if’

time since treatment for the: patehes occupied by lynx differed between
regeneraUOn cufs; selection cufs; . and ‘thinnings {ox = 0. 05). IF we

documented differences, we {:alc_ulat_ed_ 95% confidence intervals.of.

time since treatment to determine the direction. and magnitude of the
differences. Lastly, we assessed how.the cumulative proportion. of lynx

use varied across tine since tréatrient, which provided a more refined’
companson of intensity of lypx 1tse between (Teatments. We. pradlcted'
that treatmerit tise by Canada lynx would be distrinited earlier aftér a.
softer- treatmient {e.g., thinnings) and lafer after a harsher treatment_

(e.g:, regenerauon and selecton cuts). _ _ _
“To -evaluate what multivariate factors inflilenced treatment- wsé by

Canada Tynx; we used hurdle- regression madels (Vullahy, 1986; Zéileis-
2003) amnd an’ mfonnauon—thenretlc approach, [Bumham and

et al.,
3mclezmn 2002), Simikar to [esrherfses et all (2013}, we used hurdle:
models because they are efficiént when dealing with overdispersei data
and a large aumber of zeros. We observed. many patches. that were

sampled by lynx (ie; GPS. lucat[on.s within the 3k buffér), but con:.

tained no lynx, locations. within the treated. patch itself. In addition,
husdle models account for botha birary-process {i.e. patch occupancy).
‘and-a 'eount process (i.e., itensity of patch use), ‘which facilitates a
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more reﬁned -assessment of patch use by Tynx: Speuﬁcally, the zero
hirdle mode! (Bifiomial distributon with a Ingit link) considers. the
entire dataset but-censors all counts (e, y.= 1) to.y = 1, while the
cotint model (Negative Binomial distribution with a log link in otr ase).
only- considers treated patefies with at'least 1 Iynx location (le., left
truncated at y = 1; Zeileis et-al., 2008),

Pror tp devéloping hurdle models, we performed preliminary as-
sessments -to ensure appmpnate model building, First, as-aforemen-
tioned, we sgeclﬂed an offset term in our hurdle models: log(number ‘of
GPS locations in 4 Kin buffer X paich size). Second, for each treatment
and season we identified the most: stipported scale (either 1.5 or 41m)
for our meighborhood ‘metrics (Tabie 1, Fig. 3) using Akaike’s In-
formation Criterion corrected for sample: size ‘(AIC). Finally, we -as-
sessed coliineartty amnong the temaining covaridfes and removed those
that were coatributing to high correlations (!r| > 0.60); This resulted in
thie removal of ‘sparse’ forest meirics fom -all. modéls becatise it was.
correfated with mature forest.

We developed ouir candidate models for each treatment and season .
to evatuate the foliowing. predictions concerning how time since
treatment and the surrounding forest structure influenced patch use-by
Caniada lynx:

{1) Time since treatment would be more influential for patch tiseof
‘Severe tredtments {€.g., regeneration ciits) relative to softer tréar-
ments (e - thmnmg) because Canada lynx avoid forests thh
mostly open candpies [‘Vlﬂ.lmtue et al, 2008; Squires et al,, 2010;
‘Holbiovk st al;, 017a). In addition, we: ‘expected the mﬂuﬁnﬂe nf
time: since harvest to be more preacunced dunng the winter be-.
cause: Iynx increase their use of mature, dlder stands {Squires-etal,, -
2010, Hoibrook et al., 207a)

A neighbothood of targely mature and advancad regenerating: fm'est
would likely decrease pat(:h use by Caxiada Tynx because Tynx pre-
ferentiglly use mature and advenced tégéneration stiuctural: stages.
{Holbreok gy al, . 201 ?a) This-prediction desciibes context—depen-
dent patch use; which is a functional respofise ih habitat ise. {e. g V-
Mystrd and Fms 1998).

(3] Finally, the, mﬂucnce of forest structure iithin the nelghborhood of
- silvieultural reatmeént eould depend on how long dgo the traated
patch wis-harvested. -In ‘other wozds, time since tréatment ‘could
-interaet with the amount of mature or advanced regeneratmg forest:
within the ‘Beighborhood to influénce pateli usé by Canada lynﬁt :
This prediction describes a spatio-temporat functional response in
habitat use hy integrating time {i.e., time since treatmert) with the
spatial composition of forést strschure in the neighborhood:
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Table 2
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Model seléction [able containing AAIC, values [AIC, weights) for each hurdle model evaluated characterizing how stivichiliurdl zreatment influenced patch use by
Canada lynx (I-)"nx conadensis), We evaluated models for regericration cuts, selection s, and. thinning durieg the winter and summer season. Bold values mchcate.
selected medels. 75T indicates time since: tredtment, Adv Regen' md:cates ad\ranced regeneration, and Stand Init indicatés stand injtiation. As a Teeasure-of fit, wi
caleutated the Pearson’s T correlation between abserved and expected counts (for all coumts gredtér than 0¥ usinig the top model,

Model deseription, Regiaratioh cut SﬁIecuw.-mt Thinning
Winiter (n=1,376)  Summer{n.=1405) Winter (.o 223}  Summer-(z =221). Winter (o= 316)  Summer (n = 422)

“Nult 5207 {0.00)- 10.93 (0.00) 19.34.(0.00} 5.05'(0,02) 19.64 {0.00) 21.21 (0.00]
TS 0,00.(0.39) 8.26 {0.01) 513:(0.06) 0.020.27). 2138 {0.00) 2412 (0.50)
“TST + Adv Regen 2.45 (0:15) 5.28 {0.03) 6.67 (0,03 8,60, [0.27} 15.52-{0.00) 13.51 (0.00}°
TST + Adv Regen + TST = Adv- Regen 4:44-(0.05) 0.00 (0.44)- 7.88 (0.041) 3.04-(0.06) 19.07 {0.00) 15.32 {0.00}
TST + Marure 3:37-(0.09) 10,81.[0.00} 323014 3.36(0.05) 1812 (0:00) 16.86 (0:00)
TST + Mature + TST* Matiirs* 7.28 (0.0} 12.37 (0.00} 0.00.{0.73)" 7.2270.017 20.24'(0.00) 17.57-{0.00)
“TST F Ady Regén -+ Mahure 508 (0.04) 8.76°00,01) 7.2 (0.02) 3:83.40.083 16.51 E,60) 0,46 {0,443
IST + Sgand Tait 261.(013) 0.87 (0.2 B.68 (0,01} -0.65 {0.19) 9.53 (0.01} 5,88°{0.00)
TST -+ Adv, Regen -+ Manite + Stand Init. 572 (0.03) 1,37 (0.22) 10.64 [0.00) 216 {0.00) 0,00 (0.99) 0.00.(0.55]
-Best mods} Pearson’s va]:danon '0.99 0.99 0.95 0.97 0.99 :

0a7

‘We'evaluated model sipport wsing AIC, and selected the top model:
when several models received: similar support (Le., AKIC, < 2. We
then calcilated standardized regression coefficients (by’ standard.lzmg':
)/5D) and evaluated ‘the strength -of re- .

ﬂcplanatory variables: (:c1
lationships {&e= 0:10). In addition; we evaluated the fit of our tup'
models by assessing hanging Tootograms, (Klgiber and Zeilefs, 2016),
which . characterize a model’s tendencies to: over- or under—predlct-
across the gradicat.of the resporise vériable (mteusny of patch usé in

our case). AS a final measure of model fit, we also-.computed the-
Pearsén’s corrélation coefficient betwein observed and - -expected,

counts > 0; we used values >.0 because hurdle models (by désign)
predict exactly thie-number of zeros observed mthm the fitted dataset
(Kléiber and Zetlels, 2016). l.astly, we evaluared if there was eviderice:
of: spatial. autotorrelation, in the remdua]s from our top models using.

Moran's (VID!’&'! 1 950) curre!ogams acToss 20 ldg distances, Moran’s L

ranges between -1"and 1, which indicates perfect: dzspersmn and perfect:

correlation, respecﬁvely Positive autocorrelation in the residhunls.

would indicate cur micdels did not'capiure 4n impoitant environmedtal

gradient. We conducted. all analyses i program R (R Core Team,, 2017)_

and used-the cauntreg (Kimb&r and Zeileis, 2016, “pscl® (Zeilais et al.,
2008}, and ‘pgirmess’ (Girnudouy, 2017) packages,

3. Resulis

Our izl assessment ihditated that the intensity of use by Canads’

lynx was distributed similarly across seasons (winter and summer) and,
that- there was little use by lynx up to ~10'years after a silviciltural

treatmeéntregardless of type.(ig. #a); Our ANOVA indicated differences

in Hme since treatmient for patches. vecupied by ynx afross régenera-’

tion ents, selection ‘cuts, and thinnings (winter; Paieso = 161.59;
p < 0001, R*=0.24; summer Fyiaa=176.54, p < 0:001,
RE = 0:22). On. average, Canada lynx wsed. thinnfng oeatments
14—2{}ywnrs faster {winter ¥ = 20years smce treatment, 95%
1 = 19-21 yeais: sirice treatment; summer: ¥ =:20; sinc¢ treatment,

95% CI = 19-21 years since treatment) than regeneration cuts (Wwinter:-

¥="734 years sinee treah'nent ‘955 (T = 33-35 yeats. since freatment;

summer; X = 34years since treatment, -95%: CI = 33-34years smce."
treatment) or selection cuts (wmter X = 39 years gince treatment, 95%-

Cl-= 35841 vears since treatmenl; summer:. ¥ = 41 years since treat:
ment, 95% CI = 40-42yedss since weatment; Fig, 4b). Although we
observed statistical djfferences -among all-treatments, the largest e&'ect
was’ associated with thmmngs relative t fegeneration and ‘selectios.

cuts {Fig. 4b). Consistent with. these¢ statistical differénces, cumulative’
use (in both winter. and summer) by Canada lynx reached 50% (ie.,-
hialf) at ~20.years alter a: th.uuung treatment’ (Fiz.-4c), whereas it took-

~34-40years after a selection or régeneration cut to reach 50% ise.
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The cumulative proportion of usé by lynx was distributed similarly for
regeneration and selection cuis (Fig. 4c} despite the differing levels of
vegetation impact associated with tree harvest as measured by the NBR.
{Fig.. 2b). Overall, these univariate assessments indicated that Citada
lynx exhibit temporal différences in their use across silvicultural
freatments (ix., thinning versus régenieration of seléction cuts),

Results from our multivariate hurdle models. provided additional
detail concertitng how Canada lynx-used differing silviéultugal - freat-
ments over time (Table 2). Lynx use of regeneration’cuts in the wiriter
{n =1,378) was best explained by only time Since treaiment; no.other
models were supported (ie., < 2 AAIC.). The effect of tme sinee
treatment was stanshcally ‘positive, which indicated that Both the
probability of cecipancy and the infensity of lynx usé increased ‘with
time sirice treatinent {Table 3).:n the summer (n'= 1 4{}5) Iynxse of.
regeneration cuts was best characterized By time since treatmetit, the-
propertion. of advanced regeneration .in the ne1ghb0rhood arid their,
interaction (Table 2; although thete was.somze evidence. stand initiation -
posluvely infliented patch occupancy by Iynx) “The oniy. statistical
eﬂ’ect from our top: model was. the. interaction between. time..since .
treatment and advanced regeneration for the intensity of dyhx use
(Fig. Sa, Table 3), .whm_i_\_ indicatéd. that lynx usé was ielatively static
with a-fow amount of advanced regenecation. in the-neighborhood, but
intreased with tiipe when advanced regeneration was abundant i the
nel'ghbnrhoud (Fig. 5a}. This pattern suggesied that abindant advanced
regeneration had a negative effect on Iynx use early (e 8o '0-30 years:
after tréatment), but facilitated more use of regeneration cuts Jater in
time (e.g., > 40 years after treatment);: thiat is, a spatiotemporal fune-
tiond} response in patch use by Canada:lynx. Collectwely, these results.
indicated that {1} time sincé weatment was irnporiant for [ynk use of
hargh: regeneration cuts (pamr:lﬂarly in the wintes), and {2) the strue-
tural composition in the neighborhood surrounding a weated patch
infligiced lymx use over time.

Simitar to regeneration cuts, our top maodels charactenzmg Iyn.x use
of selection cuts. varied’ by season {Tabie 2). Duriny winter (n = 223},

| patch use was best: explamed by tme since freatmesnt, the propoition of

mature forest mthm the nelghborhoud and their interaction (Table ._‘.\)

Hu'vever, the interaction was. osily’ significant for mtensity ‘of lynx:ise
and indicated that the effect of time since treatment depended ‘on.fhe
amount of matyre forest in the nelghborhnod (Fig. 5b). When mafitie
forest was abundant;, lynx. were less inclined to use the selecuon ‘et
over time; however, when. inature forest-awas low,. lynx mcreasmgly
wsed the seleciion. cut after ~40years (Fig. 5b). This was consistent
with lynx preferentially using mature forest over selettion cuts when
the former was-abundant in the neighborhood of 3 treated patch. In'the:
summer (n = 221}, our top mriodel incloded time since treatment and-
the proportion of advan¢éd régeneration in the neighborhood (Tdble 2;
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Fig. 4. Tempeoral distribution. of hiabitat use by Canada lmx (Lynx canadensis) associated with different silvicuttural treatments. {4} Standardized intensity of patch.
.use by treatment-and acrosd a-gradient in time since: tredmenit (TST; 1-67 Years post:tredtment}. (b} Boxplots of TST by strata for all patches that were “nsed by lyrle'
(e, =1 lynx Jocation). (¢Y Cumulative intensity of lynx-ise. by tréatment.and. across a-gradiert in TST (1-67 years post-treatment}; The dashied lines in (c) indicate
50% of the rumilative use, whmh is appmmmately equal to the median-value in (B). Regen indicates regeneration,

although, there was eviderice that the intensity of lynx use was-posi-
trveiy related to- stand untianun} ‘However, the only sttuxuca! effects
were associated with the intensity of lynx wsé {Tables 2 4nd 3). The
intensity of limx use was-positively related 1o both time since treatment
and advanced regeneration in the nefghborhood. These results further
emphasized that (1) time since treatment was: imiportant for lynx usé of
harsher treatments (e.g:; sélection cuts), and: (2) the structural com-
position in the neighborfiond surrounding a’ treated patch influenced
Lyix use.
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Fmal[y, use of thiming Weatments by Canada lynx was generally
driven by the same factors: dunng winter (n =-416) and swmrner
{n = 422). Eynx use was inflrenced by the proportion -of stand mma-
tion, advanced Tégeneration, and mature forest'in the nelghborhood .
but the effect of time since treatment was only mgmﬁcant during the-
winfet {Fable 2). The standardized regression coefficients chatactef:-
izing lynx use of thinning treatments. indicated that (1) the surroundtng-
neighborhood was more important than time since treatment, and 2)
that the neighborhood effects varied in directon and magninede. across’
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Sta.ndard:zed regramon coefficignts for covaiiates within the sélectéd hurdle models characterizing: how silvicultural treatment-influenced patch occupancy and
mten:;lty of use by Canada lynx (Lynx canadensis). Coefficients are shown for both the binomtal and negative binomial regressions, characterizing occupanty and
intensity of use; Tespectively. Bold indicates suppor} fura spatig-temporal funictional response in patihuse by lynx. TST indicates time since treatment, Adv Regen”

indicates advanced. regénerafion, and Stand Init indicates stand initation.

Cavariate Regeneration cut Selection out “Thinping

‘Winter Suettier ‘Winter Summer Winler Sumrmer
Deenpancy. 0.442" 0.05), o381 0.138 0.054 - G040,
Intensity of use 06147 00y 0,298 6.267" 0.158" -0.036
Manre ) )
Otcupancy - - - 0.346™ - —0.435"" 0267+
Intensity of use - —0.314% - 0356 01615
Ady Tegen _ B ) .
Occupiancy - —0.09%° - 0.002 —-0.207 0570
Intensity of use — ~0.064" - 022177 ~0.029" 0,133
Seend Frit o B
Occupancy - - - - ~0.285"" 0.095°
Tatepsity of use - - 0.389"" 0194
TSt manre _
Qreupancy - ~0.126 = -
Intonizity of use - — 409" - =
TST Adv Regen-
Qrcupancy - 0.057 - - -
Intensity of use - LALLM -

T 1.5%m neighberhood.
* 4kmneighborhood.
* o< 010,

x a < 0,05,
g D01

$easonis and lynx responses (i.e:, oecipaicy and mtensﬂy of usey
Table 3). The. pmhablllty of lynx oecupaney: during: winter was: ‘nega-
nvaiy related tof the amount, 6f stand initiation and manire- forest in the
neighborhood,- whereas the inteasity of lynx use was positively related:
to these two variables (F'able 3). During summet, lynx occupancy was

positively relatéd to theamolnt of advaiiced regeneration and mature

forest in the nexghborhood but’ contrasﬁngly the intensity of Iynx use

was négatively related to. thesé factors. (Table 3. The fitensity of iynx-

use was.atso positively related o the amount of stand initiation in the
ne;ghborhood (Table ). In contrast 16 regeneration arid selection cuts,
the Jorest structure surrotinding a thinding treatment was cofisistenitiy
more important for lynk use. than the effact of time since treatment.

. All'mpdel evaluations providéd: évidente of appropnate model Ht:
The correlations between chserved and expected coiunts > 0 were
consistently hjgh, which suggested: strong model performance (Table 27
= .95). T addition, we. obséfved no tonsisterit spatial ditoeorrela-
tion in the residuals’ (all__l_\ﬂqrap_s_f values = '0:10} across all, Jag dis-
tances:

4. Disn_:usgiqn

Relatively few studies have evaluaied the effect of different silvi-

cultural actions on the resource use of forest cannvorm (e.g. Cushman

ér.4L, 20175 “Tigrier et k., 2018; Scrafrord et al. 2017), desplte the
-management ontroversy- a.ssouated with mampu]aung férests . ool
pied by these sensitive species (e.g., Howard, 2016}, To. our Imowledge,:
our work is the first to. assesy the effect of silvicultural actions on Ca-
nada lynx. Importantly, we discovered that Fysix use silvicultural
treatments. ‘However, use of any.treatment {i.e., regenerauon cut, se-
lection cut, or thinking) was low up to -~ 10 years’ post-treatment. Thig
suggests there'isa cos{ regardless of treatment type; which is donsistent
with previous work highlighting. a. ~10.year negative impact. of pre:
comamercial thinning on snowshog hare dengities (Flomdack ér al’

2007). The alignment of ihese ~1Dyear responses for lynx and

iz

Pygmy-rabbits (Brachylagus idahoensis; MchMahon ot al..

snowshde hares. is consistent with ecolugical predlctmns because Ca-
nada. lynx rely ‘heavily on snowshoe haves as.a prey Tesource (e.g.,
Mowat et 2k, 1996; Squires and Ruggiero, 900? Farvand Shenk, 2016).

Ir addition, we found that Canada lyrix use thmmng ireatmiients at a.
faster rate over time than eithér sélection or regeneraﬂon harvests
(Fiv 4). Contraxy io our -éxpectations;. lynx: used selection and re~
genemuon -cuts similarly over time degpite the:differences we abserved
in-vegetation: impaet as measured via NBR" f“lg 2). Morepver, the
composidion and abundarice ‘of forest stnictural stages surrounding a
particular treatment: (e.g., Fig. 2} infltedices how. fynx use that treat-
inent. In some cases, both the probabifity. of otéupancy and the -

‘tensity of patch use by Canada lynx was influenged by the sunoundmg :

forest. structure, which exemplified a ‘spatial functional response in:

‘habitar use ey Mysierid and ims, 1998). This was similar to pre-

vious work <demonstrating the importance of the. surrounding landscape
for the patch use of woodland casibou (Lesmerises et at, 2013) dnd
) 20173 How-
ever, patch use by Canada lynx was also.characterized by'an interaction
between time since treatment and the composition of forest strueture in
the nieighbothood, which indicated a spatio- teporal: finctional re-
sponse (Fig. 5). In other words, vegetation recovery after a-sitviciliuiil

ireatmient and the ex;simg forest. structure- surronndiag a ireatment

interactively inflienced the behaviot of Canada: lynx. Colléctively, this”
wark fills an important ]cnowledge gap.in Canada lynx spatia) eculogy
Forest manzgers. ¢an apply oUr spato-témporal understandmgs to* de-

“velop: refined strategies-zimed:at both forest manageiment and Iynx
“habitat conservation.

The relationship bétween. time since treatment and patch use by
Canada lynx was generally similar across our univariate and regression
arxlyses, For stdnce, our vaivariate assessments indicated Iynx. use
thmnmgs soofer aftes a harvest than selection or regeneration cits.
(Fig.:4), which aligned with our index; of treatment severity hased on

‘the NBE. (th 2}, .Our regression anilyses. indicated that the-effect:of

time since treatinent was-alivays positive for lynx use, but the effect was
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Fig: 5. Spatic-temporal inferactions (i.e.;.a -spatio-temporal furictional response} predicted from our selected. hurdle riodels charar:tenm‘xg ‘the infensity of Caniada
lynx. {Lynx canaderisis) use (sca.led between D-arid 1} for regeneration and selection cuts. In other words, the intensity of lynx use within a patch depends on the-
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indicates advanced _re_ge_l_'lcraupn

stronger for regeneration cuts followed by selection-cuts and thinnings, :
respectively (Tables Z.and 3; agzain; al:g‘nmg withi treatment severity).

Finally, as pr&d.lcted time since harvest. generally exlnbned a stronger

effect on lynx use during ‘the winter as coinpared to the sufimer

(Fable 3, but this was only apparent in our regression ana]yses
These temporal pattens were consistenf Wwith habitat selection by

Canada lynx. in the Rocky Mountains, 1.5, For example, Canada lynx

exhihit strong multi-scate selecion for. advanced regeneration and-

mature forest likely bécanse-of abundant. anid accéssible snowshoe hares

(Sqmrcs e al., 20040; Tvan 21 al; 2014; Ivan and-Shenk, 2016 Holbrook.
et dk, 2017b). In our 'study area, the stage of advanced regenerauon e
3017a), which’

ta_ke_s_a_t least’ ~ 25 years. to develop {HQbeogi( et al., )
aligns with the. initial use of regeneration and selection cuts by lynx
(Pig. 44 and 4c}, Further, Canada lyhx increasingly use mature strué-

sural stages during the winter months (Squires -er-al,, 2018y Holbrook.
@t al., 20173, suggestmg inore time might be needed: 0. develop winiter,
habltat as compared (0 summer: habitat. Heterogeneous disturbances
such as thmmngs, hiowever, seemingly facilitate the development of

advanced regenération and mature foresis at a faster rate than selection
_ or regeneration harvests given the earlier use by Iymx (Fig. 4¢), These

results have 1mp11cauons concerning the temporal dimensions of forest
ireatinénts dimed at: improviag Canada lyax habitat.

Furthermaore, ly_nx ‘exhibited dL&'erent yesponses 1o the. compusﬂion: i

of forest structural stages in the nmghbnrhond swroinding. lhmmngs

based on the hiéfarchical level of Hichavior; that is, the probability of
Iynx ocenpancy {first level) and. the intensity of tynx use {second level).
Many stidies have demonstrated fhe hierarchical habitat: relaimnsl:ups
feig., Juhmsun, 1980 Bemf: afsdd _’\I_ev;wr_ 2008; DeCesare gt ak. 20]12:
Holbrook et al., 2017a; McMahan et-al., 2017), and our insighits build
on. this wark. Fnr mstance, increasing stand ‘initiation ‘iz the: nelgh¥

barhood negamrely influenced lynx occupancy of thinrings dunng the .
winter. This is likely because Canada lynx strongly avoid stand ihitia-

tion (Holbroek et al.. 20172), and partimilarly so in the Wwinter, thus
decreasmg the probability of patch use when stand. initiation is. abun
dant in the surroinding area, I .contrast, stand initiation posmvely
influehced the intensity of lynx usé within a thinned patch during the
winter and summer: This was conceivable because once a lynx occupies
2 thinning, they niight then chose to. remain within theé patch versus
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“Holbrack ef al,;

moving. out into an-avoided structural stage (i.e., stand“initiation)..
Other studies usmg analytical provedires similar to. ours have demon-
strated differential Tesponses dependmg on the hierarehical level of the
response (e:¢., occupancy or mtens;ty of uig]. For wosidland caribou and
pygmy Tabbits. (Lesmcrzses ef al., 2013: McMahon et g, 2017).

We also observed situations where the effect of forest structure- in
the furrounding neighborhood was simiflar across thie hierarchical levels
of behavicr. For example, Canada lynx exhibited a reduced probahility
of ofcupancy and intensity of use for tréated patches when the.fieigh-

‘borbiood contained abundant matute forest (Table 3). In ﬁct, when
Toatire forest-was. abunidant in the neighborhaod of selection: cuts, the.
intensity of Use; by Canada Jynx: reruaingd low regardless of fime gince

meatment (Fig. 5b). The negative .influence of mature forest on Jynx
rescufee use was likely assotiated with the benefits provided by matize.
forests restlting in Tynx: selecnng this.stage and- avoiding the treated
patchies néarhy. A simitar mechanisty was. suggested to explain the fast.
and direct movernent of Pacific marten through résourcé/poor stands:
(e open areas} versus: the slow, more dehberate movements ‘i re-
sotirce-fich stands {“\rromrg et-al.. 2016} Mdawre forests provide
abundant, temporally stable, and accessible snowshoe hareg within the
Rocky Mountzins (Giffin and Mills, 2009 Ivan et al, 2014; Ivan and
Shenk. 2016: Holbrook et 51, 20178), -and thereforé lynx spend a.sub-.
stantial amoant of tine within this structural stage (Sqbireser al, 20107
2017g).

~ Our suite of ms:ohts coficerning-the spatlo«temporal responses; of
Canada lynx to silvicuttural actions. were in part-a result of our ncrvel'
approach fo straufymg silvicultiral treatments: We retrcactively eval:
uated vegetation responses over time using the NBR; which ensured.our
treaument stratification was- ecologically relevant. We then demon-
strated that this approach rélated to Canada Tynx, with Iynx using .
high value anid: narrow range of NBR: (Fig. 2). Future work: ‘@xamiriing’
animal responses o Torest manipulations. could apply our’ approach 1o
characterize ecologmally ‘distiniét treatments: thrinigh time. Thig is an
important contribution becanse ofter it 15 assiined that differént da-.
tabiase Tabels, such as. classifications of silvicultural actions (e:g., with
the FACIS datzbasé), represent écolagical: diffefences, whick we de:
monstrated to: be 2 false assumption (e.g;, Fig. 2a).
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5. Conclusion

A difficult challenge within- publically managed forests lies at the.
intersection. of silvicuftural actions: and the management of forest-
dwelling species that are of conservation concern {e.g., Stepliens f at.,
2014; Howard, 2016). Td assist in narrowing the gap hetween silvi-
culture and species conservation; we evaluated how forest treatments
#ifluence resource use.of Canada. Iynx, a threatened ¢arnivore in the

contiguous U.S. (USFWS, 2000). First, we demonstrated - that: lynx:
clealy use silvicultire treatments, but there is a ~10 year ¢ost of im-.
plemenung any weatment, (thm.nmg, selecfion cut, or regeneration tut)?

in terms of resource use by Canada. lynx This temporal cost is asso-.

ciated with lynx: preferring advanced regenerating and mature struc.
tural stages (Sguives et ak, 2010; Holbrook. ¢ al., 2017a) and is'con--
sistent with previous work demonstrating a negative effect of

precomneffea) thinning on snowshde hare densities for ~10years
(Homyack ¢t al., 2007). Second, if a treatment is implemented, Canada
lynx used thinnings at a faster rate post-treatment (e.g., ~20 years post-

treatrnent fo reach 50% lymx use) than-either. selecnon OF Tégeneraon:

cuts (e - ~34-40years post-treatment to reach 50% Jymx use): L
‘appear. to- use regeneration. aid selection cuts similarly over: time sug

gesting the differénce in vegetation impact between. these- treatments |

made litde difference concerning the potential impacts-te yix (Fig. 4c).
Third; Catada lynx fend o avoid silvicultutal freatments when a pre-
ferred. structural stage. (e.g., mature, multi-storied Forest or advanced:
regeneration) is abundant in ‘the surrounding Jamdscape; which

Appendix A.

Fyrest Beology und Management 422 (2018) 114-124

highlights the: importance. of considering. landscape-level compuosition . ..

as-well as Tecovery tme. For instance, in an arca with low amournits. of

‘mature forest in the neighborhood, lynx se of recovering silvicultural

treatments would be higher versus treatments surrounded by an:
abundance of maturé forest (8.g., Fix. 3b). This scenario captures the

‘importanceé of postireatment reé¢overy for Canada lynx when the_

landscape context is generally composed of lower quality ‘habitat.

Overall, these three'items emphasize that both the spatial arrargement
and composition as well as recovery time are central to balancing'sil-
vicubturat actions” and Canada lynx conservation. Qur work here re-
presents an important step in filling knowledge gaps.at the itersection.
of disciplines, such as silviculture and animal’ ecalogy; which is essen-
tial for the futtire’ develnpment of pragmauc solutions.
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Tahle A:l

Retlagsification tabte showing the raw dlassification fromi the ULS, Forest Service’s FAGTS database to.our first and final set of

silvicultural tréatnients.

“FACTS labels

TFirst set-of potential

Final set of
treatments ATeAUnEntT
Group séection cut. Grdtip.seléetion et ‘Selecticn cur
- Single-rree selettion cue AGrolipy seléeriom cur Seletion cut
liberation et Liberatign cut Selectian cut
Shelterwood prepardtory cut Improvement cof Thinning.
Improvement cut Improvement cut Thinning
Seed-iree; preparatory cut Improvement cus- . Thinning -
-Commerciat thin Improvement cut Thinning
-stand clesrout Regen cut Regen cut
Patch dlearcut (w/leave Irees) Regen cut Regen cut
Statdclearciit {v/leave tees) Regiet citt Regen cut.
‘Patch dearcut Regen cut. Regen cot
Beed-tres final cut: Regen ent Regen cut
Sead-tree seed cut (with and Regen ouf Regen cut
irithout leave trées) '
Shiclterwood estzblishment cit. Tegen cut Regen ‘cut
- faith: or without leave trees)’
"Tiwo-aged seed-tree seed. and ‘Regen.cut: Regen cut
© removal Car (w/res)
“Two-aged shelterwoad Regen.cut- Hegen cut
esmhblishment-and removal '
it (w/ Tes),
Twos aged sbeluerwqud ‘Regen cat Regen cut
establishinent-Cut (w/res) )
Certificaton of natural- ‘Natural regen ‘NA
-regeneration with site prep
Certification of natural Natural tegen . NA
regenesation without'&ite prep. '
Initiate natiral regénerticn ‘Mataral regen Na
Filk-in' 6r. Réplant Trees Planited - Na
Plant Trees “Planted NA
Planting popagules-and cutlisgs Planted NA
Wildlife habitat seeding and Planted NA
planting o
‘Procommertial thin

Pretommerrial fhin Thinning
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