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Table 3
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Standardized regression coefficlants for covariates within the selected hurdle models. chiaracterizing how sifvicoltara) teatment influenced paich ocenpancy and
intensity of tse by Cariada Jynx (Lyns canddéngs). Coefficlents are shown for both the binomial and negative binomial regressions, characterizing occupancy and:
intensity of use, respecrivel\f Bold indicates support for a spatio-temnporal functional response in patch Use by lymx. TST indicates time since treatment, Adv Regen

md]cates advanced regeneration, and Stand Init. (ndicates stand. injtiation.

Selection: cut

Covariate Regeneration cut Thinning

Wintei Summer Winter Summier Winter Summer
Occupancy 0.442° 0.951 381" 0.23% 0.054 —0.040
Intensity of use 06147 0079 0,298 0.267 .158 -0,096°
Manire . . . .
Ooclipancy - - —~0.346" - ~(.385°" 0:267
Intensity of use - - —D.334" - 0.256" 0161
Adv Tegen ) B
Oceupancy - —0.093 - a.on2’ - 0,207 0.570°
Intensity of uze - —~ 064" - - S S ~0.029" -0.223 7
St it
Qetuparicy - - - - ~0.285 "7 £.095"
Intensity. of use - - - - 03897 0394 "
ST marre
Geeupancy - - -0.126 - - -
Intensity af use - - —{.409" - - -
TST Ailv Regen N
Oocuganey - b.057 - - -
Intensity of use - 0145 - - -

! 1.5%m neighborhood.
* 4km neighborhood.
* a < 010

™ a < (.05

#vx g 01,

seasons and lynx responses (i.é., occupancy and Intemsity of use;
: 2}, The probability of Iynx occupancy during winter was nega-

nvely related to the amount of stand initiation and mature forest in the
neéighbbrhood, whereas the intensity of lynx use was positively related
to these two variables {Tabiz 2). During suminer, lynx oceupancy was
positively refated to the amount of advanced regeneration and mature
forest in the nelghborhocd but contrastngly the intensity of lynx use
was negatively related 1o these factors (Tabie ). The intensity of lynx
use. was also positively rélated to the amount of stand initiaticn'in the
nmghborhoocl {Table 3). In contrast to regeneration and selection cuts,
the forest structure surfounding a thinning treatment was conmstently
mare important for lymx use than the effect of time since tréatment.

All ‘madel-evaluations. provided evidence of appropriate model fit:
The correlations betwesn observed 4nd eipected counts > 0§ were
consistenily high, which suggested strong model pérformarice (Faie 2
¥z 0.95) In addition; we observed no consistent spafial autocorrela—
Hon in the residuals (all: Moran’s I vahies < 0.10) across all lag dis-
tances.

snowshoe hares is consistent mth ecglogleal predictions because Ca-
nada lyns rely heavily. on snowshoe hares as @ prey resource {e.g...
Mowat et al, 1996, Squires dnd Ruggiers, 2007; jvai and Shenk, 2016),
It ‘addition, we found that Canada lynx use thmmng treatments at a
faster rate over time than either selection or regeneration harvests
(Fig. 4). Contrary to our expectations, Iynx used selection and re-
‘generation cuts similarly over time despite the differences we ohserved
in vegetation impact as measured viz NBER (Fig. 2). Morepver, the
composition. and abundance of forest structural stages surrounding a

particular trdatment (eg., ¥ig. %) infloences how lynx use that tweat-

ment. In some cases, both the probability of occupancy and. thé in-
tensity of paich use by Canada lynx was influenced by the surrounding
forest structure, which exemplified a- spatial functional response in
habitat use (sensu. Mysierad aml fms, 1998), This was similar to pre-
vious work demcristrating the importance of the- sm-munding landscape
for the patch vse of woodland caribou (iesmerices et al., 2013} and
pygmy rabbits (Brac?gflagw idahioensis; Wicklahos er al, 201 7Y, How-

ever, patch use by Canada lvnx wﬂ&al&o_cha.taﬂenz&d_hguan_intemc:wni

4. Discussion

Relatively few studies have evaluated the effect of different silvi-
cultiral actions on the resource use of forest carnivores {e.g., Sushman
st-al, 2001 Tighder ef al, 8015 Beraford e 2, 2017), despite the
managemen{ controversy associated mth.mampulatmg forests occu-
pied by these sensitive species (e.q., Howard, 2016), To our lmowledge,
our-work is the first 1o assess the effect of silvicultaral actions on.-Ca-
nada lynx, Importantly, we discovered that Iynx use silvicultuzal

treatments. However, use of any treatment {i.e: r'egeneratiori cug; se--

lection cut, or thinning) was Jow up to ~ 0 years post:treatment. This
sufgests there is acost mgardless of treatment type, which is consistent
with previous work highlighiting o ~10year negative impact of pre-
cominercial thinding on snowshoe hare densities (Homvack e 2l
24807). The alignment of these ~I0year responses for Iynx end

i1

BetWeen tme since 1teabment and The CompoSILon of forast structure m
the neighborhood, wlnch indicated 2 spatio-temporal fimetional re-
sponse (Fig. 5), In other words, vegetation recovery after a silvicultural
treatment and the existing forest stucture - surrounding & {reatment
interactively influenced the behavior of Canada lynx. Collectively, this
work fitls an important knowledge gap in Canada lynx spatial: ecology.
Forest managers can-apply our spatio-temporal understandings to de-
velop. refined strategies aimed at both forest management and lyrix
habitat conservation.

The relationship bétween time since treatment and patch use by
Canada iynx was generatly similar across our univariate and regression
anatyses: For instance,-our univariate assessments indicated Tymnx use
thmnmgs sooner after a hdrvest than selection or regeperation cuts
(Fig. 43, which aligned with our index gf treatmient severity based on
the NBR (Fig. 2), -Our tegression analyses indicated that the effect of
u‘m‘a.since-ufeannent ‘as always positive for lynx use, but the éfféct was
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Fig. 5., Spatio-temporal interactions (i.e., a spatio-temparal functional response}. predicted fridm qur selected hurdie models characterizing the intensity of Canada
lymx {Lymx canadensis) use’ (scaled. between G and 1) for fegeneration and selection cuts. 1o other words, the intensity of lynx use ‘within a-patch depends on the
améunt of advanced regeneration. or mature forest in the 4km and 1.5 km neighborhogd {respectivly) surrounding the patcli as wall as the time sincé reatment.
Predicted intensity of use was generated from the négative binomial regression within the hurdle model. {2} Indicates the predicted intensity of lyax use during
summer for patches that received 4 regencration. cut. (5) Indicaies predicted intensity of lynx use clunng winter for pzm:hcs that received a sefection rut The
proportion for *High Adv Regen* was 0,30 and 'Low,_Adv Regen’ was 0,16, while the proportian. for ‘High Matire’ was 0.80 and ‘Low Mature’ was 0.30. Ady' Regen

indicates: advinced régeneration.

stronger for regeneratipn cuts foliowed by selection ciits -and-thinnings;
Tespectively (Tubjes 2 aivd 3; again, aligning with treatinent severity).
Finafly, as predicted, time singe harvest generally exhibited a stronger
effect on lynx ise ‘during the winter as compared to the summer
(Table 2}, but this was only apparent in our: regression analyses.

These temporal patterns were consistent with habitat seléction. by
Canada lyng i the Rocky Mountains, U.S. For example, ‘Canada lynx
exhibit strong multi-scale. seléction for advanced regeneratior and
mature forest likely because of abundant and accesssble snowshoe hares
Lheuires ev al., 2000 Tvan etal, 2014 bvan ang Shenk, 2403 8; Holboook

s

ot a2l
takes at least ~25 years to develop (Hollrooh er al, 2017
ahgns with the. initial use of regeneration and selecnon cuts by Tynx
{Fig. 4z and 4g), Further, Canada lynx increasingly use mature strue-
tural stages during the winter months (Squliet o al., 2510, Halbrook
e al, 23174), suggesting mdre time might be needed to develop winter

Habitat as compared to summier habitat. Heterogeneous disturbances
such as thinnings, however, seemingly facilitate the development of-

advanced regeneration-and mature forests at: a faster rate fhan selection
or regeneration harvests givén the earliér use by Iynx (Fig. 4¢). ‘These

restilts have implications concerning the temporal dimensions of forest’

treatments aimed st fmproving Canada Iynx habitat.

» 2617, In onr study area, the stage of advanced regeneral:lon-
. which

moving out inte an avoided structural stige (fe, stand initiation),
Other studies using analytical procedures similar to ours have demon-
striited differential responses dependiiig on thie hieratchical level of the

respense (e.g., oceupaney or intensity of use} for woodland caribou and

pygmy rabbits (Lesmorises o6 al, 3978 MeMahon ot ai.. 537,

" We also.observed situations where thé effect of forest structure in
the surrounding neighborhood was similar across the hierarchical levels
of behavior, For example, Ganada lynx exhibited a reduced- probability
of occupancy and intensity of use for weated patches when the neigh-
borhood contained abundant mature forest (Taiie 2, In fact, when
mature forest was abundant in the neighborhood of selection cuts, the
intensity of usz by Canada. lyax remained low regardless of time since
treatment (Fig. 5b), The negauve influérice of mature forest on lyny
resource use-was likely assoctated with the benefits provided by mature
forests resulting. in lynx selecting this stage and avo:dmg the treated
patches nearby. A similar mechiinism was suggested to-explain the fast
and direct movement of Pacific marten through resource-poor stands
(i.e, open areas) versus the slow; more deliberate movements in re-
source»nch stands (BMutdarey 22 a1, 2018). Mature forests provxde
abundant, texnporally stable; and aceess{bie snowshoe hares within the
Rocly Mountains (Griffin axd Wik, 200%; fvan e ab., 2074; vgn and
Shenl, 2036 Qolbraek e 81, 20171), and therefore Iynx spend a sub-

of forest structural stages in the: neighborhood surrounding thinnings
based od the hierarchical level of behavior; that i 15, the probabiiity of
Iynx vecupancy (first leyél) and the intensity of Iynx use (second level).
Many studies have demonstrated the hierarchital habitat reianunshlps
(eg, Joluson. s Rettie and Messier, 2000; Delesare ot al., 207
Hetbrogk 6t al, ZF_ - Ta; MeMehbn el ab, 2017

Il

borhood negatively influenced Jynx occupancy of thinpings. during the
winter. This s likely because Ganada lynx strongly avoid stand initia:
ton (Foibronk e sl 207%a), and-particularly so in the winter, thus
decreasmg the probabﬂlry of patch use-when stand -initiation is abun-
dant in the surrounding area, In vontrast, stand initiation positively
influenced the intensity of Iy use withiti a thinned patch during the
winter and summer, This was conceivable hecause once a lynx occupies
# thinning, they niight then chose to remain within the patch versus

and our mszghts buiid .
on this work. For instance, Increasing stand initiation in the neigh--

F02
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Our shite of insights concerning the spatio-temporal responses of
Canada lynx to siivicultural actions were in part 2 result of our rovel
approach to slranfymg sitvicultural treatments. We retroactively eval-

uated vegetation responses over time using the NBR, wiich ensuredour
treatment stratification was ecologically reIevant. We then demon-
strated that this approach related to Canada Iyex, with lynx using a
high value and narrow range of NBR {Fig. 2). Furure work exarmnmg
animal responses to forest mampulatmm; could apply our approach o
characterize’ et:c:logu:all;.r distinét treatments through fime. ‘This is an
important contribution because often it is assumed that different da-
tabase labels, such as classificatioris of silvicultural actions (e,z.; with
the FACTS ddtabaje), represent ecological differences, which we de-
monstrated [0 be a false assumption {e. £, Flg, Za).
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5. Conclusion

A difficult challenge within publlcally mianagad forests lies at the
intersection of silvicultural actions and the management of forest-
dwa]]mg speciés that are of consérvation concern (.8, Séephons af &b,
£ vif, BNYE). To assist in narrowing the gip betiveen s;lw-
cubture. and spectes consetvation, we evaluated how forest treatments
Infhiencé resouice use of Canada lynx, a. threatened carnivore in the
contignions U.S, (US¥WS. 700). First, we demonstrated that lymx
-clearly use silviculture treatments, but there is a ~ 10 year cost of im-
plementing any treatmerit (thinning, selection cut, or regeneration cut)
In terms of resource use by Canada lynx, This temporal cost is-dsso-
ciated with lynx preferring advanced regenerating and mature struc-
tural stages (Suuires o &b, 2000 Helbrook o wl, 20772) and is con-
sistent with previous. worl demonstrating & negative effect of
precommierical thmnmg ot snowshoe hare- densifies for ~10years
(Hosnyuck et al, 2007). Second, if & treatinerit is implemented, Canads
lynx used thmmngs at 4 faster rate post-ireatmient (e.g.,-= 20 years post-
treatment to-reach 50% lynk use) than either sélection or regeneration
cuts (e.g., ~34-40 yéars post-treatment to reach 50% lynx use). Lymx:
appear to use regenerafion and selection cuts similarly over Hme sug-
gesting the différence in: vegetation impact between these treatments
made little difference concerning the potential impacts to lynx (Fig. ok

Third, Canada Iynx tend te avoid silvicultural ireatments when 2 pre-
ferred structufal stage (e.g., mature, multi-steried forest or advanced
regeneration is abundant in ‘the swrfounding landscape, which

Appendix A.

Forest Etolugy and Managemens 422 (2018 134-124.

highlights the importance of considering landscape-leve! composition

as well as recovery time. For instance, i an area with Jow amounts of
mature forest in the neighborhiood, lyny use of recovering silvicultural

treatments would be higher versus tredtments Surrounded by an
abundance of mature forest {e.g:, iz, %h), This scenario captures the.

impartance of post-ireatinent recovery for Canada lynx when the
landscape -context s gengrally composed of lower quality habitat.
‘Overall, these three items emphasize that both the spatial arrangement
and composition as ‘well as recovery time are ceniral to balancing sit-

vicultural actions and Capada lynx conservation, Our work hére re-
presents an important step in filling knowledge gaps at the-intersection.
of disciplings, such as sitviculture and ariimal ecology, which is essen-.
tial for:the futiwe development of pragmatic solutions:
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Silviculturat treatment stratification from the: U.S. Forest Service’s FACTS database,

Table A3

Reclassificition table shiowing the raiv classification from the U.5, Forest Service's FACTS datdbase to our fest and final set of

sﬂ\ncuitural treatments.

FACTS Libels

First set of potential
Ireptments

Final set of
reatments.

Group selection cut

Group salection gut

Selection cut

Singli-tree selection et Group sejection cut Selection cur

Libaration tut Liberation ctit Sefection cut

Sheltafwood preparatory cut Improvement ci Thinziing

Improvement.cut Ihprovement cut Thinaing

Sead-tree prepargmory cit Improvément cut Thinning

Gommercial thin ‘Improvement cut Thizming

Stand clearent Regen cut ‘Regen cul

Batch clearcnt {w/leave trees) Regen cul Regen cut

Seand clearcut (iv/leave. trees) Regen cut Regen. cut.

Patch elearent Regen cut Regen cut

Seed-iree finat fut Regen cut ‘Regen eur

Scod-tree seed.cut (with and Regen cnt Regen cut
withoiit Ieavi trées) )

Shelerwood establishment eut Regen cut ‘Regen oot
L] IV oo T R T T

Two-aged seed-trec seed and Regen eut Regen-cur
removal Cut (w/res)

Tworaged shelterwood Regen et Regen ¢yt
establishment and removal’ ;
Cut (w/ res) v

Two-agetd shelierwood ‘Regen cul Regen cit
establishment Gt (w/res)

Certificatiop of hatural Natural regen HA
repeneration. with site prep ‘

-Certification, of natural Natural regen N&
regeneration without site.prep )

Tnitiate natural regéneration. Naturil regen NA

Fili-in or Replant Trees Planted NA

‘Plant Trées Planted NA

Plariting propagijes.and .cuttngs Planted "N

WidILe hobitar seeding and Planied NA

plangng
Precommercial thin

Precommerciat fhip

Thinning
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distarbances is a long-term and difficult challenge for land managers,
Animal ecologists can help address this challengé Wy providing in-
férmation that assists managers in ‘developing strategies aimed at both.
species conservation and. forest management, One guestion of céntral
importance is, how do- animals (particularly those that are threatened
or endangered) respond to different silviculiural treatments over time?.
Silvicultural activides. roay. impact foresi-associated species by
modifying their behavior or influencing their ability to survive and
repraduce, For eiample, forest management af the stand-level alters
vertical and lateral cover {i.e:, trees and shrubs) as well as ground cover
{coarse woady debris). Precommercial thinning at the: stand-level ne-
gatively impacted the abundance of red-backed voles (Myodes gapperi)
for nearly 20.years post-treatment, but thinning positively irflienced
the diversity of the greater small- mmmial domniunity over the spme
timie frawne [Sullivan g1 al, 2013). Purther, man many studies have damon-
strated the negative, short—term {e.g., T-11 years post-treatment) &ffects
of precemmerical thinning on snowshoe hare {Lepus mnemanus}.dgg.
sity and behavior (Griffiy; erid Mifls, 2007 Howpvach vt ab., 2007 Abe
or g, 2005, premmably because of a reduction in security cover (2.g.,
late.ral and vertical cover). At broader spatial extents, mechanical
treatments can promote or reduce the: conﬁguratlon and- connecmnty of
different forest stuctural stages, as well as influence the landscapé.
level diversity of forest structwres: Opening and simplifying forest mo-
saics thrangh the mechanical reduction of forest fual has. negatively
affected the occupancy of fishers. {Pekanla pénnantis Sweitzer ef 2L,
¢416) as'well as the movement and habitat ‘connectivity of Pacific
martens {(Martes cauring; Moriarty ot sl Z0ie), Collectwely, these ex-
‘amples: hlghhght that- cons1dermg the species-specific.and spatio-tém-
poral components: of animal responses to forest manipulations-is es-
sential. This is particularly true for publicly managed forests inhabited
by th_reata_r_zed or endangered species because there is often sibstantia)
controversy surrounding the manipulation of forest structure (Steghene
et ab., 28143,

£eAAA

The Canada lynx {Eynx canadensis), 2 forest-dwelling carmiivore, is a

federally-listed $pecies (LSFWS, 2500) that has generated significant
chatienges concerning the alteration of foresis in the contiguous LS,
‘Previous work determined that the habitat and spatial etology of Ca-
rada lynx is most assocwted mth forest structure or snc:{.essmnal stage
{e.g., Poole &1 &k, i 3
pgopb, 203y n/a:. - : wfeganrd on
Monrgomery T Halbroolk er .}1 - ‘f‘“;?d) Some }ynx popu}a-
tions appear fo prefe.r forests -dorinated by mid-successional stages
with: dense understorles (e.g. . 15-35years after stanid replacing -dig-
turbance), for stance in the Midwest and Eastern U.5.. (McCani aps
Moer, 2011 Puller v ol, 2007, Momgomery &1 al, 2014; but see
Simoss-tegsard ot al, 2017). However, other populations of lynx in the
western contiguous U8, exhibit substantial habitat use dnd selection of
mature, multi-storied struetsiral stages with dense understories (e.g.,
Seuires ot gl, 2030, fean and Shenk, 2016, Holbrook e al, 20174) that

gt al.,
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surrpunding a reatment would impact how lynx vsed treatments over
time, For instance, Meibeos 17 demomnsirated that Canada
iynx in the Northern Rocldes selected mature and advanced regenera-
tion forest structural stages. Thus, if a treated patch. was surrounded by
these structures, lynx might reduce their use.of a silvicuitural treatment
because of their preference for the Strrounding forest structure, Our
work représents the flrst evaluation characterizing how stiviculoiral
treatments influence rescurce usé of Ganada lynx and more broadly
informs forest mianagement efforts aimed at managing disturbance,
harvesting forest products, and conserving habitat for threatened spe-
cies.

2. Materials and methods

2.1. Study area

Our -stidy occurred in the Northern Rockies of morthwestern
Montana, U.S., across the Inowe distribution -of Canada lynx (Fig. 1;
described in more detail within Sguives pi ab, 201 %), This aren covers

‘approximately 3.6 miltion ha and js mostly composed of public lands

(i.e., ~B0%), but with some industrial-and private forest lands. Across
ownerships there aré differing levels of human use and TESOurce eX-
wactlon permitted; for instance, the mechanical removal of trees is not
permitted in the Bob Mashall Wilderness complex and other wilderness
areas, nor in Glacier National Patk, Hovwever, much. of the drea oocu-
pied by Canada lynx, and their primary prey the snowshoe hare, is
within publicly managed lands (Haibrook et al., 385174 Holbrook e al,
#0174, which operate inder an umbrella of multiple-use including the
extraction of forest products.

Our study area supports a diversity of forest species compositions:
across an elevational gradient from-55040 nearly 3400 m. Forést stands
weére generally mixéd: and included ponderosa pine (Pinus ponderpsa),
Douglas-fir (Pseudotsuge mengiesid), lodgepole pine (Pinus contorta);
western Jarch (Larix occidertaiis), subalpine fir (Abiés lasiocarpa), and
Engelmann spruce {Piren éngelmariiif). However, the predominate tree
species in areas used by Cana:_d_a lynx were subalpine fir, Engelmann
spriice, .and lodgepole pine (Squires er al., Hothouk et af.,
20178,

ik

T SUpTOL U g dEmTtier v snowshoe=hares (e provery-prey-of-[yRx):

Despite the Wealth -of information. concerning Canada lynx habitat re-
lationships; some 1mportant -questions remain unanswered. To our
inowledge, there has been no evaluation of how Canada-lypx réspond
to differing silvieultiral treatments, Addressing this question would aid
the develupmem of multidisciplinary management strategms that in-
corporate Canada lynx consérvation.

Qur résearch objective was to evaluate the spatial and temporal
refponses of Canada lynx to differing silvieultural activities. Te.address

this objective; we used an extensive GPS datasét (i.e,, 164,593 locations -

-and 66 lynx) collécied during 2004-2015 in the Northern Rocky
Mountains (hereafter, Northern Rockies), U.S. We hypathesized that the
distribution of patch use by lynx would be earlier post-treatment for
these treatments that were less sevére in terms of vegetation 1mpac!:
(&g, thmmngs), relative to those treztments that were more severe
(e.g., clearcuts) because lyrix prefer dense and mult-Tayered forests. In
addition, we hypothesized that tie composition of forest strucrure

48° N

46" N
. lyny © , Elevation
Lynx GPS Locapons 13363 m
0 €0 120 _
Kilameters

550 m
Fig. 1. Siudy aica in northwestérn Montana, 1.8, where we sampled 66
Canads lymx {ymx canadensis) during 20042015 with. GPS collary.

115



LI Holbroek etal,

2.2. Silviculiral treatments, survotinding forest structure, and tréatment use
by Cenada bynx

2.2.1. General pverview of analysis
Our main objective was to characterize how time since treatment,

tréatment type; and surrounding forest structure influenced treamment
ise. by Canada lyax. Given the ‘diversity of silvicuitural treatments
within Iynx. home ranges, we-firsi developed an ecologically-based
‘frameworls to stratify treamments, We used the U.S. Forest Serviee's
FACTS (Forest Activity Tracking System). database and a time-seriss
(18722014} of the Normalized Burn Ratio (NBR), a variable created
from the Landsat archive using the néar infrared (NIR) and shortwave
infrared {SWIR) bands (i:e., NBR == NIR — SWIR/NIR + SWIR), to
identify" distinct silvicultural treatments and evaluate the response of
vegetation as.a function of timé since treatment. The NBR is similar to
the Normmalized Difference Vegetation Indéx (NDVI= NIR — Red/
NIH. + Red), but. previous work has demanstrated that NBER outper-
forms MDVI when assessing differences in vegetation impact {e.2.,

Eseirie ef gl 2008 Harefs 6 5., 2011). For instance, the gradient of
the NBR was 1.6-2.3 times wider than the gradient of NDVi for the
same argds impacted by wildfire (Fscuin ot ab, 2008 Haws e al,
3011, which highlighted the increased resohition.of the NBR to dls—
cexn differences in vegetation.- responses. Therefore, we used the NER
fo validate our treatment stratification from FACTS, which we ex-
pected fo capture a gradient in vegetation impact. We then used this
stratification, aiong with unjvariate analyses and hurdle regression
models (Mulinhy, 1986; Zeitels ot o, 2508), to address spatio-tem-
poral questions concerning treatment use (i.€., both secupaney and
intensity of use} by Ganada lynx. Our application of hurdle models was
similar fo evaluations of patch occupancy and intensity of use for
“woodland' caribou (Rangifer tarandus caribot) in residual forést stands
(Lesmerises et al,, 2075}

2:.2.2. Conada lynx data

We used a dataset of GPS lacatmns {164,593 locations; Fig. 1) from
Cdnada lynx that decupied ruanaged landscapes to assess their use of
silvicultural treatments, During 2004-2015, we captured and equipped
66 lynx with store- on-board GPS units (Lotek Wireless, Newmarket,
Ontario, Canada or Sirtrack Ltd,, Havelock North, New Zealand) Our
‘capture efforts were-approved by the Institutional Animal Care and Use
Committee (University of Montana IACUC permits 42008 and
TEOS3737-1}. We programmed GPS collars fo collect a location every
30.min for 24 h every other day for the life of the collar (generally
.6-8months). Spatial accuracy of locations ‘averaged 301 as reported
by Scuires st ad
Helbrook ot al. 2317z for additional details on GPS data processing).
We assessed occupancy and intensity of wse of treated patches across
seasons, which we' defined as summer (April — October) and winter
(November — March).

al. £2605) and fix rate was approximately 86% {see.

“would différ by treatment type. We used program R (R fLore

milar NBR trajectories (Fig.
‘mesits into the foliowing strata (Appendix AiTable A
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included: (1) group selection cur (n = 11; treées harvested in smakb.
patches usially less than 1 ha and regenerated naturafly or by: piantmg)
{2) liberation cut {z = 60; overstory or compating trées remaved moved
ta liberate subject trees}, (33 isnprovement cut {n = 85; removing trées
from al} size classes ag to imprave the résidual tree quality and growth
rates), {4) precommeércial thinning (2 = 346;° thinning small trees
~15cm as te modify species composition and provide growing space-
for residual trees), (5) regéneration-éut with patural regeneration
{n.= 360; clearcut resulting in the remové all or the majority of high
forest cover as to regenerate a stand: from: seed), {6) regeneration cut
with planting {n = 431; clearcut résulting in the ramoval of all or the
majority of high forest cover and plant trees). We expected regeneration
cut$ to represent the most severe impact to vegetation followed by se-
lection cut, libération cuf, improvement eut, and precommercial thin
ning; & total of 1,203 treated patches (i.e. sitvicultiral cuts or thinnings)
were-intluded in this analysis. We only considered patches that were
modified through a single acticn (..., we excluded patches with mitl-
tiple treatment actions) and we discarded any patches that were af-
fected by wildfires.

To evaluate végetition impact and recovery we assessed how the
NBR changed as a function of tréatment type and time since treatment;
We developed the time-series of ‘NBR for our study area using the
Landsat archive as part of the tie-series analysis in Sevage = &l

{2038}, We caleulated the mean NBR across all treatment patches for
each year since treatment {starting 4t year t-1}. We then evaluated how
mean NER { % 90% CIs} for each year and treatmient changed as a

function of time since treatment. For this analysm our temgoral gra-

dient ranget] up to 39 yedrs affer a treatment, Qur premise was that if
the silvicultural treatments created distinet vegetafion conditions.after
5 harvest, the frajectory of vegetation recovery (indexed via NBR)
i i";’-&?a_
2017} to complete thiese analyses,

Our initial assessment of the NBR across timie since treatment -
dicated there were some natural groupings among different treatment
typés (Fig. 2a}. For instance, liberation cuts and. group selection cuis, as
well as’ improvement cuts and precommercial thmmngs, genérated si-
2a). Therefore, we reclassified our treat-
XD Tegenera-.
ton cuts (cormbined regeneration ¢ut with natural regeneration and
regenerarion cut with plantings; n = 791), (2) selection cuis {combined
group selection and Lberation cut; 7 =71), and {3} tlunnmgs {com-
bined improvement cut and precommercial thinniing; -n= 431).- We-
then repeated our NBR analyses with these combined strats, which
demonstrated -the distinct patterns of vegetation c¢hange -across these
three groups (Fig. 2b). Consequently, wé-used thesé three treatments.as.
our final suite of silvicultural actions (regeneration cut, selection cut,
and ‘thirning), which captared a low {e.g., thmmng) to high (e. g T~
generation cut) gradient in treatrhent severity,

In order to ensure that our treatment stratification was relevart to

Canada lynx ecology, we calculated the range of NBR at GPS locations

e B S GIYHTg SUViCTl Tty al T eanerss Witk the Normalized B R

We used the U.S, Forest Séivice’s FACTS database to identify. dif-

ferent silviculiural treatments that gecurred within Ganada lynx home.
25178, The FAGTS.

ranges {home ranges defined in Huibrook &1 al
«atabase Is a patch-based ‘gedspatial layer of sﬂvmultnral actons with

records- going back to-the 1920s. Although useful for many research

applications {e.g., see applications of FACTS. in Ziefindk! #1 o :
Tempsi et &, 2014 Sweliper 1 al. 2078), FACTS data suffers from
spatio- temporal errors in terms of treatment extent withic polygons arid
timing of implementation. Therefore, while others have assumed dif-

ferences among treatment strata derived from FACTS, we implemented

a novel assessment to validate our stratification using 'a time:series of
the NBR.
We used the FACTS database 1o devélop an inidal set of six forest

treatments, which' were compesed of 25 unique silvicultural activity-

types {Appendix A: Tebly AJ) The six silvicultural treatments

Tor all tynx- (= 64 lyn¥, 63,204 locations) sampled during the winter
seasont. We used the winter season because winter is-when Iynx exhibit
more specificity in habitat selecfion (Squires e 2L, 2014 Holbrook
et ah, 2174} Based on. previous work hlghhghnng the disprdpor~
tionate use of mature forest structures by lynx {Sanives ot al, 2000
Hoibrook o al., 2317g), we expected lynx to use a hlgh value ‘and
narrow rédnge of the NBR, indicative of recovéred végetation. We cal-
culated a mean NBR {(from 2013) for each lynx and subsequently cal-
cuiated the interquartile raiige (IQR). We then evaluated how the QR
related. to the NBR trajectories associated with our three sifidcultral
treatments {Fig, “b). Consistent with our hypothesis, Canada Iynx used

8 high' value and narcow range of .the NBR {lynx IQR in Fig. 2b) in-

dicating that our stratification’ of sitvicultural treatmenis was relévant
to lynx.
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Fig. 2: Mean (= '90% Cis) Normalized Bum Ratio {INBR} * 1000 per-year for each treatment type across & gradient in Hroe since reatment {strting at year £1} during
1872-2014 (ie., 1-39 years post-treatrient). for our potential stite (a) as well as our final set of (reatments {b}. Horizontal hnes in (b} represent the inteérguartile
range of WBK ut GPS locations averaged for 64 Canada Iymx {Lynx canadensis) during the winter seasen, Regen indicates regeneration:

2.2.4. Bvaluating Canada bymx use of sibvicultural mreatments

With sur-silvicultural teatients identified, we then evaluated our
main ‘guestions toncerning how time since weatment and the sur-
rounding forest. structure infiuenced patch occupancy and intensity of
usge by Canada lymx during winter and summer (see Fiy. 3). Patch oc-
cupancy was defined-as the presence of a GPS location within a silvi-
cultiral freatinent, while- the intensity of use was definedas the. number
of GPS locations within a sﬂweultural tredtment (i.e., for all patches
that were occupled) For each tregted patch within Canada Iyn home
ranges, we calculated the patch-size {(m?) and the number of Iynx lo-
cations within the patch,

We buffered each treatment by 1. 5 and 4km (e.g., ¥y 3); which
corresponded to the 95th percentile: of hourly movement rates by Ca-
nada tynx and the radius of median homei range sizes of lynx reported in
Ralresk et al. (26374}, We calcalated the proportion .of forest. situe-
tural stages (e.g., Fig. 3) within each buffer using the m’app‘ed predic-
tons (~80% classification aceuracy} from Saveg £301 8} Forest
structural Stages indluded: (1) stand. initiation {e. €, ~0—8years after
disturbance with few large trees remaining), {2) sparse forests (e,
natufally sparse or mechamca.'ily thinned, and generally -9-25years
after modification), (3) advanced regencrating forests (e.g., generally

(b)

£ ul,

(2)

Treatment vo,_

~+ Bliffer

~ 2540 years old with derise horizontal and vertical cover), and (4
mature forests (e.g., multi-steried stands generally = 40-50years old.
with. dense horizontal and vertical cover). Holbraok o al . b
quantified the differences among these four stiucniral stages in much
greater detail using Forest Inventory and Analysis data {see Holbraok
e gk, Bli178). We used the 1.5 and 4 km buffers simply 1o ;dentlfy the.
sca]e that fit the data best; the proportion of forest structural stages
were highly correlated across scales (r=-0.743 and thus caphured 3i-
mildr variation..

Not.all treated patches were sampled equally by lynx throughout a
home range. Therefore, we counted the number 6f GPS locatiéins out-
side of the treated patch but within the 4 km buffer, which served as an
index of treatment-level sampling intensity by lyix. In addition, for

every treated patch we developed & time: Since tréatment variable by

finding the median year of the limx GPS locations within the 4km
buffér and subtracting it ffom the year of treatment. Collectwely, these
data generated 4 suite of five explanatory variables (some of which
were summarized at two scales; 1.5 and 4km®) and two response
variables {Takle 1}, We used ArcGIS (ES£1 2017) and the Geospatial
Modelling Environment (Bwe&z, 31312} to develop our wiite of variables,

The patch size of a treatment ag well as the sampling intensity by

Fig. 3. Example of our samplirig scheme to un-
derstand how silvicultural treatments, time since
weatment, and sutrounditig Forest smucture in:
fluenced pateh occupancy and i irtensity of use by
Canada fynx {Lymx canade:ms} Dcts iridicate limx
‘GPS lorations. Panel T

A Gt fTom 3973 was, ocrupied (; &, .at least ¥
locatipn.in tréatment] and’ inensely used {l.e, 17
wotal locations in treatmient) by Canada lynx.
Panel (b} shows the disttibution of forest strue-
tural stages-outside of the &reatment bit inside
the buffér or neighhorhood: Abbremanons Stand
init and Adv Regen-indicate stand- initiation and
advanced regeneration, respectively. '

Stand Init Sparse Adyv Regen Mature
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Table 1
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‘General summary of varigbles (across treatment types: regengration cat, selection cut, dnd thinning) uséd 1o evaluate how siliicultural Teatinerit influenced patch

wse by-Ganads Jyni {Lynx canadensis),.

Vakiable Description Extent: Mean {Range}
Response Presende/Absence of 2 GPS lication Patch-Tevel NA;.hinary variable
) ‘Coitht of GPS locations Patch-level Winter: 5 (0-215)

Summer: 7 (0—417)

Offset components Parch size Patchi-jevel 12 ha.10.46-157 ha)

GFS loeations in 4 hop nieighbeihoad 4 Ym neighbortinod Winter: 1,149 (1-5,327)

Summey: L,BE0 (18,100}

Explaniatary Time since treatment. Patch-level 32 yrs (I-67 yrsy

Properiion. stand indifation
Proportion sparse
Proportion advanced regendration

Propordon mature

1.5 and 4 km neighborhnod
1,5.and 4 km neighbothood

L.5 and 4.km neighborhood

1.5 and 4 km nieighborhinod

A5k 0.04 (0.00-0.50)°
4 km: 8,05 (0.00-0.40¥
L5km: 0:21 (0.02-0.78)
4 fan: 024 (0.07-0.67)
1.5 km: 0.18(0.01-0,52)°
@km: 0:16 (0.02-0,67)"
1.5 km: 0.57.(0.08-0,51)°

A Jan:. 0.54-(0,08-0.79F

¥ Values were similar for summir and winter,

lynx in the 4 km buffer could influence the probability of oceupancy
and intensity of patch use by Canada lynx (e.g:, larger patches samipled
more intensely within the 4km buffer are likely. to ‘be vsed miore;
Lramerises ef al, 201 3). Therefore, we incorporated the sampling in-
tensity and the patch sizeof a tredtment as a cotrection, or an offset in
our regressior -analyses, for our measures of patch occupancy and in-
tensity of use (Tzbis 1) For ouf initial assessments of the intensity of
use By lynx, we dpplied the following egiation;

Intensiiy of Use
Number of GPS locations ‘in a patch
lcg(Number af GP$ locations in 4 kmi buffer % Patch surej

For all ‘analyses, we only evaluated treated patches that were sampled
by lynx {i.e., at least 1 GPS locations in the 4km buffer). Thus, alf

treatments were generally accesgible to’ lynx and our analyses were

approximately at the third-order.of resotree use (Joimson, 1980).
We initially asfessed how the intensity of usé by hynx was- dis-

tributed across our gradient in Hme since treatment. Because of the

heterogenmty in samphng intensity by lynx, we used the maximum
intensity of use for -each ‘year across our time since harvest gradient.
‘Next, we assessed differences in the temporal distribution-of lymc use
across the differént silvicultural ‘ireatments, which only inchided the

‘patehies occupied by Canada lynx (ie., =1 GPS location within a.

treated patech). We used an analysis of variance (ANQVA) to evaluate if
time since treatment for the patches occupied by lynx differed between
Tégengration cuts, selectior -cuts; and “thinnings -{e&r = 0,05). T we
documented differences, we calciilated 95% confidencé intervals. of

time since tresfment to determine the direction-and miagnitude of the.

mare refined assessment of patch use by lymc Specificaily, the zero
hurdle 'model {Binomia! distribution with-a logit hnk} considers the

entire datasetr but ¢ensors- all counts- (ie.; ¥ 213 to y= 1, while the

count model _(Neg_eitive Binomial distribution with-a lag link in our case)
only considers treated patches with at least 1 Iynx location Gie., left
truncated at y = 1; Zailels of 33, 2008).

Prior to developing hurdie ‘meodels, we performed preliminary as-
sessmients to ensure appropriate model building. First, -as aforemen-
tioned, we specified an 6ffsét term in.our hurdle models: log(nurmber of
GP5 locations in 4 km buffer x- patch size). Second, for each treatment
and ‘séason we identified the most supported scale (either 1.5 or 4 lim)
for our neighborhobd metries (Tabie §; Fg using Akatke’s In-
formation. Criterion corrected for sample size [AIC,). Finally, we as-

‘sessed collinearity. among the remaining covariates and rernoved thiose

that were contributiig to high correlations (Jr] > 0.60). This resulted in

the removal of sparse forest metrics from all ‘models because it was

correlated with mature forest,

‘We-develeped our candidate models for each treatment and season
to evaluate the following predictions toncerning how time since
treatment and the surrounding forest structure influenced patch use by
Canada Tynx:

(13 Time since treatment would be mare influential for patch use of
severe treatments {e.g.; regeneration cuts) relative to softer treat-
ments (e.g., thinning) because' Carada lynx avoid forests with
mostly open canopies (Maientzice 1 al., 2008 Squires o o, 20
Hothragk ev id, 206172). In addition, we expected the influence of
time since harvest to be mioré pronounted during the winter be-
cause -i.ynx increase their use of matnre, nlder stands (Sv’su‘ire:x 21l

Feonmpemmeona iiterences Instlywe assesset- Hovwteremmias ve Fropor oM o F 1§
use varied across tme since treatment, which provided a moré refined
comparison of intensity of lynx use between treatments. We predicted,
that treatment bse by Canada lynx would be distributed earlier after a.
softer treatment (e.g., th.mmngs} and later after a. harsher tréatmént

{e.g., regeneration and selection cuts)

To evaluate what multivariate factors influenced treatiment use by
Canada lynx, we used huirdle régression models (viuilahy, 1988; Failei

ab, 2008) and an information-theoretic approach (Bursham dnd
&, 2002). Similar to.Lesmerises of sl (3013 15, we used hurdle
models because they are efficient when dealing with overdispersed data
and a large number. of zeros. We observed many patches that were
gampled by lynx (e, GP§ locations within the-4km buffér, but con-
tained no lynx locatmns within tie treated patch itsell. In addition,
hurdte nodels account forboth a binary process {i.e., patch occupancy)
and a eount process (Le, intensity of paich use), which facilitates a

mJ[J >L\w’|"..n LU TR L s j—

(%) A nelghborhood of largely mature and advanced regenerating forest
-would likely decrease patch use by Canada lynx bécause lymx pre-
ferentially tise mature and advanced regeneralion structural stages
LHalbrook o 8l 2017). This prediction describes context-depen-
dent patch use, which-is a functional résponse in habitat use fe,g,,
WMystrud and Tms 1998).

(3) Finally, the infiuence of forest structure withiin the neighborhood of
2 silvicultural treatment cnuid depend on how long ago the treated
patch was harvested. In other words, time since treatment conid
interact with the dmount of matiuré oradvanced regenerating forest
within the neighborhood to mﬁuence patch use by Canada lymix.
This prediction deséribes a spatio-tesporal functional response in
habitat use by integrating time {i.e,, time since trestment) with rhe.
spatial composition of forest structure in the neighborhood,
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Mode! selection rable containing AAIC, values (AIC, welghtsj for each hurdle model evalnated. characlerizing how silvicuttursl weatment influenced patch usi: by
GCanada Tynx (Lynx canadansis). We evalusted models for regéneration ciils, selection cuts; and thinning during the winter and summier Seagon. Bold values indicate.
selected models. TST indicates time since tréatwient, Adv Régen indicates advanced regeneration, and Stand Init indicates stand’ initiation: As 2 measure of fit, we
calcalazed the Pearson's r correlation between observed and expected counts (for all counts greater than ) using the top modal.

Mode) description Regeneration cut

Selection cut Thittnlny

‘Winter (n = 1,378}

Siinrmer {1 e 1,405}

Winter (n =223}  Summer (r = 221}  Winter {ni = 416)  Summer (r = 422].

Nuli 92,07 ({00} 10,93 (.00}
5T ©.00 (0.43] B.26 (0.01)
TST + Adv Regen 2.45 (0,15} 5.28 {0.03}.
TST + Adv Regen + TST* Adv Regen 444 (0.05) 0.00 (0.44)
TST + Matine ’ 3.27 (1.09) 10,51 {0.09)
TST + Mature + TST * Mature .7.28 (0.01) 12.37 (0:00}
TST + Adv Regén + Mature 5.08.(0.04) 8,76 {0.01Y
TST + Stand Iaiy 2.61 10.13) 087 (0,20}
TET + Adv Régen + Matwe + Stand Inic  5.72 (0.03) 1.37 (0.22)
4,59 089

Best mode] Paarson's v validadon

19.32 (00} 5.0870,02) 19:68 (0.00) 21.21 {0.00j
518 (0.06) 0.02 (0,27 21,38 {0.00 24.12 (0,003
6.67 (0,03} 0.00 (0,273 15.52 (0.00) 12.51 (0.00}
7.88.(0.01) 3.64 (0.06} 19,07 (0.00) 15,32 (0.00)
3.23 (0,14} 3.36 (0.05) 18.12 (0.0 16.86 {0.00)
0.00 {0.73) 7.22:(0.01) 20124 (0.00) 17.57 {0.00)
721 (.02} 3.83°(0.04) 1661 (0.00) 0.46 (0:44)

. B.68/(0.01) 0,68 (0,19} $.53-{0.01) 9.88 (0.00)
10:64 (0.06) 2,16-{0.08) 0.00 {0.99} 0.00 (0.55)
0,95 0.97 0.97 0,99

We evaluated model suppert using AIC, and selected the. top model
when several models received similar support fi.e., AAIG, < 2} We
ther caleulated standardized regréssion coel‘ficnmts {by standardizing
explanatory variables: {x; - ¥)/SD} and evalusted thé strength of re-
lationships (@ = 0,10). In addition, we evaluated the fit of our top
madels by assessing hanging Tootograms (Kiviher and Zellels, #016),
which. characterize & model’s tendéncies to aver- or undér-predict
across the grad;ent of the response variable (mtensxty of patch uge in
our case). As.a final measure of model fit, we also computed the
Pearson’s correlation coefficient between obsérved and expected
counts > 0; we used values >0 because hurdle models {by design}
predict exactly the number of zeros cbserved within the fitted dataset
(leiter and Zaildis, 2036). Lastly; we evaluated if there was evidéfce
of spatial auntocorrelation in the residuals from our top models using
Morai’s [ (Moran, 1954) eorrélograms.across 20 lag distances. Moran’s ]
‘ranges betwéen -1-and 1, which indicates perféct dispersion 2nd perfect
correlation, respectively. Positive” antocorrelation in the residuals
wiuld indicate owr models did not capiture an important enwronmental
grachent We conducted all analyses In program R (R Core Trsm, 50173
and used the ‘countreg’ (Klsifer and Zeticls, 2016), ‘pscd (Feiieis ur al,
2006}, and ‘pginmiess’ (Girnudaux, 201 7Y packages.

3. Results

Our iaifial assessment indicated that the intensity of use'by Canada
Tynx was distributed: -simjlarly across seasons (winter and summer) and
that there wis little use by Iynx up to ~10 years after a silvicultural
“reatment regardless of type (Fig. 42). Our ANOVA indicated diffsrences
in time since treatment. for patches occupled by 1ynx aCross regenera:
tion cuts, sélect

630 = 16150 ha

'(12

The cuinulative proportion of use by lynx was distributed similarly for
regeneration and selection cuts (Fig. 4<) despite the differing levels. of
vegetation impact assotiated with tree harvest as measured by the NER
3b). Overall, these univariate asésssmants indicated that Canada
lynx exhibit temporal differences in their use acrosé silviciltgral
treatments (i.e., thinning versus regeneration or selection cuts).
Results from our multivariate hurdle models provided additional
detail conceraing how Canada lynx used differing silvicultural treat-
ments over time-(Table 3. Lynx use of regengration cuts in the winter
{n = 1,378} was best explained by only time since treatment; no other
models were: supported (Le., <2 AAIC.). The -effect of time since
treatment was stadsticelly positive, which indicated that both the
probability of occupancy and the intensity of Jynx ase increased with:
tirie since treafment (Tiablc 2). In the summer {# = 1,405}, lynx use of

Tegeneraton cuts was best characterized by time since treatment, the'

proportion of advanced regeneration in the neighborhood, and their
interaction (Tahie 2; although, there was some evidence stand initigtion
positively influenced patch otcizpancy by lynx). The only statistical
effect from our top model was the interaction between time since
treatmenf and advanced regénécation for the intensity of lynx use
(Fiz. Sa, Table 2), which indicated that lynx use was relatively static
with a' low amount of advanced regeneration i the neighborhood, but
increased with time wheén advanced regenéraiion was abundant i the
neighborhood (¥ig: %a), This pattern suggested that abundart advanced.
regeneration had a negative effect on Iyox use early (e.g., 0-30 years
after tréatment), it facilitated more nse of regenerdtion cuts later in
time (e.g., > 40 years aftér treatinent);. that'is, a spatio-temporal func-
tional response in patch-use by Canada lynx. Coliectively, these results
mdlcated that (1 nme since’ treatment was 1mpartant for lynx use. of

7 < U001, Re= 0.04, Summer.  Faims = 176.84, p <. 0.001,

R =0.22). On average, Canada- lynx used thinning treatments.

14-20yéars faster (winter X = 20years since treatment, 95%
€I =19-21 years since. treativient; summer; X = 20 siricé fréatment,
95%, CJ = 19--21 years. singe treatment) than regeneration cuts fwinter:
% =34 years since treatment, 95% Cl.= 33-35 years since treatment;
summer; ¥ = 34 years since treatment, 95% CI = 33-34. years since
treat[nent) or selectiori cuts (winter: ¥ = 39 years.since treatment, 95%
CI = 38—41 years since treatment; swnmer: ¥ =41 years since irea-
mént, 95% CI = 4042 years since treatmieny; Fig i

was associated with thinnings relative to regeneradon and selection.
cuts:(Fig. 4b). Gonsistent with these siatistical differences, cuimiulative
use (in both winter and summer) by Canada lynx reached 50% (i.e.,
half) ar ~.20 years after a thinning treatment (Fiz 4¢), whereas it toak
~34-40 years. after 2 seledtion or regéneration cut to reach 50% use.

. 4b). Although wa.
observed statistical differences.among all treatments, the Targest effect.

tural composmou in the nelghborhond surroundmg a !reated patch
influenced lynx iise over time,

Similar to regeneration cuts, our tbp' models chardcterizing lyns use
of selection cuts varied by season (Tzble 2). During winter. (n = -223),
patch iise was best explained hy time sinee treatmen, the proportion of
mature forest within the deighbiorhood, and their interaction {Fubie ).
However, the interaction was only mgmﬁcant for-intensity of lynx use
and indicated that'the effect of time sifice treatment depended on the
amowit 6f mature forest in the neighboriooed (fig. 5b). When maiure
forest ‘was abundant Iymx were less inclined to use the seleetion tut
aver time; however, when mature forest was lo, lynx increasingly
used the selection cur after ~40- years (Fig. 5b). This was consistent
with lynx pmﬂ:renually using mature forest over selection cuts when

‘the former was.abundant i the neighhothood of a treated patch. In the

summer {n = 221}, our top medel inclided time $ince weatinent -and
the proportion of advanced regeneration in the neighborhood (Tsble

‘-'1
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Fig. 4. Tempuiral distribution of habitat use by Canada Iynx {Lynx.canadensis) associated with different silvieultural treatments, (3) Standardized intensity of patch
use. by treatment and across 2 gradient in time since meatment (TST; 167 years post-treatment). (b) Boxplots of TST by strata for all patches that were used by lynx
(i.e,, =1 lynx Incaricn). (¢) Cumulative intensity 6f lynx vis¢ by ireammeént and across a gradient in TST (1-67 years post-treatment). The dashed lines in (¢} indicate

50% of the suriulative use, which js approximately-equal to-the median vatue in (b). Regen indicites. regeneration,

although, there was evidence that the intensity of lynx use was posi-
‘tively relatéd to stand initiation). However, the only statistical effects
were assoliated with the intensity of lymx usé {Tabies 2 and 3). The
intensity of iynx use was positively refated to.botl; time since treatment
and advanced regeneration in the neighborhood: These results further
emphasized that (1} time:sitice treatment was important for iynx use of
harsher treatments {e.g:, selection cuts), and (2).the structural com-
position in'the neigliborhood surrounding a treated patch influenced
Iynx use.

_Finally, use of thinnihg freatments by Canada lynx was generatly
driven by the same factors during winter ( = 416) and suminer
(n = 422). Lynx use was influenced by:the proportion of stand. initia-
tion, advanced regeneration, and mature forest in the neighborhood,
but the effect of ime since treatment was only significant during the

‘wintér (¥aiv 2). The standardized regression coefficients character-

izing lynx use of thinning treatments indicated that (1) the surrounding
neighborhood was more important than time since treatment, and (2).
that the neighborhood effects varied in direction and magnitude aLToss
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