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Abstract

Coast redwood forests are predominantly a timber managed habitat type, subjected to repeated
disturbances and short rotation periods. What does this repeated disturbance mean for rare
plants associated with the redwood forests? Rare plant persistence through forest management
activities is influenced by many factors. Persistence of rare plants in a managed landscape is
not in itself an indication of viability, but may reflect an overall increase, equilibrium, or
decline in numbers. Although the persistence of some species can seemingly mimic weedy
behavior, it is important to distinguish pioneer species behavior from the weedy behavior of
invasive exotics. Individual species will have different responses to disturbance based on their
life history and habitat requirements, as well as the type, intensity, and frequency of
disturbance. Human disturbance and natural disturbance regimes are frequently and
mistakenly viewed as equivalent. In addition, human disturbance regimes commonly create
habitat opportunities for invasive exotics that readily out-compete rare plants for habitat.
Knowing why rare plants persist in the managed redwood forest is dependent on
understanding their distribution, habitat, life history, and sensitivity to disturbance. This paper
will examine forest management effects on 10 rare species of the redwood forest.

Introduction

Coast redwood forests are a relic vegetation type closely associated with a
narrow ecological region that provides a humid and temperate environment. The
redwood forest does not have a unique flora but does have many closely associated
species and habitats. There are approximately 1,518 rare plants in California of which
86 percent are herbaceous plants, 12 percent shrubs, and 2 percent trees (CNPS
2003). In the northern redwood forest there are 45 rare vascular plant species that are
closely associated with redwoods (Leppig and others in press), and 94 percent are
herbaceous plants. The rare flora of the redwood forest is largely herbaceous in
nature and diminutive in habit. Redwood forests are predominately a timber managed
habitat type with over 80 percent privately owned (primarily industrial timberlands),
and are subjected to repeated disturbance events and short rotation periods (Noss
2000). What does this repeated disturbance mean for rare plants associated with the
redwood forests?

The redwood forest is subject to both natural and anthropogenic disturbances;
however, in the last century the anthropogenic impacts have greatly increased with
timber management. Disturbance is defined here as a “relatively” discrete event in
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time that is ecologically disruptive at a localized or landscape level and changes
resources, substrates, or the physical environment (Imper 2001). Rare species are of
particular concern given their greater risk of extinction and potential loss of their
economic, medicinal, and ecological function (Kaye and others 1997). This higher
risk of extinction coupled with scattered and localized distribution, diminutive habit,
and physical immobility of rare plants increases their vulnerability to disturbance.
Especially with landscape disturbance regimes such as timber harvesting, which
involves large tree felling and yarding, heavy equipment use, and road building.

Forest management activities have been perceived as mimicking “natural”
disturbance regimes such as fire, windthrow and flooding by providing forest
openings and mineral soil exposure. However, forest management activities are more
frequent, and less variable in size and intensity than natural disturbance regimes.
Timber harvesting often consists of concentrated impacts over a localized and
uniform area, which may not provide the necessary mosaic of undisturbed refugia for
native plants, and sources for recolonization (Halpern and Spies 1995).

Timber Harvesting Plans every so often include comments such as: 1) rare
species thrive in disturbance regimes; 2) timber harvesting encourages the spread and
diversity of native plants; and 3) timber harvesting has little to no significant impacts
on rare plants (CDF 2003, CDF 2004). These comments often do not address the fact
that not all rare plants belong to one type of disturbance response group (such as
early successional), and that while many rare plants may persist through disturbance
regimes, they may not all thrive.

It is our premise that forest management activities may do one of two things.
They either significantly reduce the viability and persistence of rare species, or they
may create rare plant habitat. The heart of this paper is that it is important to
differentiate between timber management activities that have negative affects on rare
plants and activities that can have positive affects. Another important point is to
recognize the difference between rare plants that are truly early successional species
and those that are associated with forest understories or openings. Early successional
species have evolved with landscape disturbance events such as fire, landslides and
flooding. These types of events deforest portions of the landscape and expose mineral
soil. Forest openings species are associated with open areas within the forest created
by poor soils or small scale disturbances such as tree gaps. The habitat in forest
openings has increased light exposure without significant changes to the forest
microclimate or soil. Forest understory species have evolved beneath the forest
canopy that provides a shady, moist, and sheltered habitat with a well-developed duff
layer.

Methods

A subset of ten rare plants associated with the northern redwood forest region
(Del Norte, Humboldt and Mendocino counties) were identified for this study, and
were selected to include various habitat and life history requirements. The selected
rare plants are as follows:

1. Humboldt milk-vetch (4stragalus agnicidus Barneby)
2. swamp harebell (Campanula californica (Kell.) Heller)

3. coast fawn lily (Erythronium revolutum Sm.)
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thin-lobed horkelia (Horkelia tenuiloba (Torr.) Gray)
running-pine (Lycopodium clavatum L.)

leafy-stemmed mitrewort (Mitella caulescens Nutt.)

NS e

North Coast semaphore grass (Pleuropogon hooverianus (L. Benson)
J.T. Howell)

8. seacoast ragwort (Senecio bolanderi (Gray) var. bolanderi)
9. maple-leaved checkerbloom (Sidalcea malachroides (H. & A.) Gray)
10. long-beard lichen (Usnea longissima Ach.)

These ten rare plants were analyzed in terms of available ecological information
and potential forest management impacts. The analysis was conducted through the:
1) utilization of sensitive plant occurrence data in California Natural Diversity Data
Base RareFind3 (CNDDB 2003) and California Native Plant Society’s Electronic
Inventory of Rare and Endangered Plants of California (CNPS 2003); 2) compilation
of habitat and life history information provided in literature and flora treatments such
as The Jepson Manual (Hickman 1993); 3) review of reports such as Timber
Harvesting Plans, sensitive plant surveys, and sensitive plant monitoring and annual
summaries; and 4) field observations of the authors.

Results

The subsequent two tables summarize the ecology (table 1) and responses to
disturbance (table 2) of these ten redwood forest rare plants.

USDA Forest Service Gen. Tech. Rep. PSW-GTR-194. 2007. 187



Session 4—Redwood Forest Rare Plants and Management Effects—Sholars and Golec

uonoedwoo
[10S JO JUBIS[0} JON

(€00Z AAAND) uonNQLISIp
PoIWI] ‘UOIFAI POOMPI
)M PIJeIdOSSE A[9S0[D)

(€661 ueuryory)

1SB0)) YHON UIdYIN0S Y}
pUE JSBO0)) [EUD)) UISYMION

sa10ads s3uruado 352104

Wwo)S pue surdIew Jed|
Suofe s11ey poAINddI A[JJ1s
BIA JIqeT] SULIOQUIBIO (M

jJoW oIk sjuswIInbax sa100ds Paj001 APMO[[EYS [19qa.1ey
(9661 ueUD[OIH) je1qey A30[0IpAY JuRIA[OJUI OPEYS s3uruodo 152103 Jom : PUE POWILIAIS e durems
sa1od [eseq y3noiyy Jurosiyop pue JYSI] J1 doUBGINISIP : AJjeuoseas pue ‘sdwems pue o1U10f1IDD
‘onsded ur spaas [[ews Auej [10S JO JURIQ[O], OLIPAY 0} OISO 31y rented o3 [[ng  soysIewr ‘sojems 29 sdeos oA\ qioy [eruuaied paal-uoys  mpnundwun)
(2661 s1eyio pue JexoLy)
uonendod Sururposp e
Jo uonesipul ue s3uI[pass Jo
Qoudsqe A[dreurdfe ‘Kjjiqels
uonerndod jo uoneorpur
(0661 312qus) uONEUILLIT juasaid sagdess ofIf [V
PO03 10J POpPadU Pads ’
JO uonEOENS PUE UOHEBIIJLIBOS (£00T 4AAND) uonnqLysIp ($00T 9910D ‘7661 SIOYIO0
pajII] ‘UoISaI pOOMpar pue ME)OL) S9IBIGOLIOA
(s661 M Pajeroosse A[aso[) I9yjo v:m sjuopol Aq
S10Uag) [10S $OULUL € IS1 oY) pajou Ajuowwod Jursmorg
ul punoj paas Jo ANsuap 1soySIy (Ls61
Aqouregy) pazijeoo] AJysiy (£00Z Aqpun-)
(6861 1o3eg) [10S 9Y) UL AI[IqeIA 10 oIeI [e oIe JeTy) (SO109ds ‘soumsa] 10953e 0} J0u
W19} SUO[ 10J SMOT[e Jey) AJruey uersy pue uedadomng  paoisiSar 1kdezewy uoAd
ST} JO SIOQUUISW AUBW OYI] J8OD 9} WOJ 9ATIOUNSIP ‘SOPIOIQIAY 0) QAT)ISUOS
pads d[qeaunrodun oAey speog sa1oads anoy) soroads
Jo dnoi3 [eorwouoxe) (£00Z 9910D) 1e11qey 10]
$1uapoI Aq FuIyoed padg unsIp [[ews o) sSuojog 910dwIod SO1)OXd SAISBAU]
L Jrouag) dwngo
Jo oowom@mwsov BIA Wmms%ﬁm (€661 UEUDDIH) (2661 s1otpo
005 padiin]o pue pajur £uno) ourdopusjy  PUE MEYIL]) SUEQ PIIS UO
Pos p [0 pue pontiry WwIoyMIou pue Ajunoy)  9OUBI[AI Jejqey [eroduwd ],
(L661 SISUIO DUR p[oquny wsyinos uf 5310
Q10UAg) 3OS N4 [yS5200NS tﬁ_oﬁmmvm%_iﬁmwémom SOBUEY 1SE0)) YHON 1210 2Inso[o %Q@ﬁmo@ﬂﬂ%a%&w
10J A18SS200U ST UONBIISIA J09SU] . MN%WMMMM@.WVMMMM 1800 PI3s $199)Je s10adse jsom  UOTEIOTOA JO S0UBIS[0} MO
(L661 oroudg) sary prydids — ~ 1S1qOJ IowW SB[ amsodxa 31y [0 0 YINOS YILm SAUISFPLL (661 d10Udg) S18K
pue (1 v4afijjout s1dy’) s99q : 170 Sudwep (0661 S10qm) pUE SaJIS PaqIISIp 01 01 ¢ vo\w:-ﬁosm pue [o30A-y[Iu
AQuoy wolj SIISIA [BUOISEO00 ($00Z 2910D “Z661 o oESQ.oom:m JUBIR{OT SRS UBYJO SAI0J UDIBIOAD (. R:oammoo:m Apeg pjoquiny
ynm (“ds snquiog) sa3q SIOU}O pue 1edId) ’ ’ POXIW PUE }$910J Jeoue) ’ : Snp11USDy
d1quing Aq AJUOTIWIOD PAJBUI[[OJ IUBGINISIP 0} JUBII[O] JLIDY 31 rented 03 [Ing  1s210J poompal ut s3uruad()  qIYs-qns 03 qIAY [BIUUAIdJ snpSnusy
Jueq pads
/1esaadsip uondedwod A3o10apAy JURII[0) IpeYS uonnqLIsIip £10)s1Y [eINjRU Jweu
Juondnpoaday J3dueqInisip [1o§ IMISIOA  Audwdaimbaa jysry Nenqey / WLI0Y 1] AYNUING

“spuvyd 2.4p.1 1S2.40f POOMPa.L PD2]DS UO UOYDULIOfUT [DI130]0dT —T J[qR L,

USDA Forest Service Gen. Tech. Rep. PSW-GTR-194. 2007.

188



Sholars and Golec

Session 4—Redwood Forest Rare Plants and Management Effects:

(200 z110nEN)
s1eak (g 01 dn oyey Aewr

91940 (91hydoiods/qAydojowres)
SUONEIoUAS JO UONBUINY

(8861 Jonrym)

SHEP 9y} UI PUE [10S M0[oq doe[d
soye) uoneurioy ojAydojowed
pue uoneuruidg a1odg

puim Aq pasradsip sarodg

(z00T Z12NEN)
PoAIaSqoO AJa1e1 uoronpoidar

[enxas pue ‘poAISsqo A[UOWIWIOD
jsowr uononpodar 0Aned3o A

(#00T Z11onEN)
s[1os pajoedwod
IOAO [OABI) O]qBUD
S1001 SNOLUIAPY

(+00T z10nEN “100T
99]0D)) uonoeduwod

(100t
20100)) 19Ke] J1ue3IO0

padojoaap-[jom

pUE I9jeM UTE)OI JBY)
SLIqQOp Apoom a31e]
)M PIJe[aLIn))

(1007 9910D) s10308}
[BIUSWUOITAUD

Sunur|
31| pue 2INISION

(8861
paoy) Juerd puepom
9A1B)[NORJ ‘SPUB[}OM

UM PIJBIJOSSE

"PJO9[[00 JOAO PUE ‘SAsN

Kuew s (6661 ZMoneN)
jonpoud 3so105 [e100dg

(€00t
daaND) uoI3ar poompar
IM PojeIdosse A[9s0[D)

(€661 uBUDOIH)

RISY pUR ‘BOLIJY ‘BISeINyg
‘BOLIOWY [INOS ‘UedqqLIe))
J) ‘BOLIWY YMON
UI9ISBI ‘BURJUOIN ‘BYSB[V
0} SUIPULIXI JSBOY) YHON

(zoot

z)1oneN ‘100 99[0D)
9,09 punoIe aIsod
Adoueo wnwndo

sdwrems pue soysrewt

(1002 9210D) P[0
s1eak Jo sparpuny o) 3unok

A19A WOy 93ueI UBd SIBIN

(6661 Z11NEN]) JNO0 0} JOA0D
Ul 9SBIOUl [BIIULISQNS B IO
uorsuedxa [eUO[d 10J SE [[om
se dojoaap 03 Aouanbaiy

JO s[2A9] 19y31y 10}

MO[[E 0} PIPIU DUBQINISIP
3uImor|oy s1eak o8~

sa10ads A103SI0pUN 15210

PoAT]
-3u0] pue IoysI|qe)sd MO[S

WJSAS J0OI MO[[BYS

Jurd-Guruun.a

K[3uons 10N JURIO[0} OPRYS
sowoziyl £q A[9A1)E}9S9A pue  pue 90UBQINISIP [10S O} JO suirew pue s1sa10} M GI9Y SNOJRUIOZIYL WAy
sazods Aq Ajjenxas soonpoidoy  9ATISULS YUBIS0) JON JLIPAY 0} JISOIN W31 [ented SNOIOJIUOD UI SIS IISAIA] UQ0ISI0A0 pue [eruuated  wnipododdy
(€661 UBUIIH)
K1essaoou 9q Aew (€661 ueun|d1H) eary Aegq
s[10s SuIpjoy-19rem 00SI0UBI] UBS UI)SIMYIIOU
19130 J0 pajoedwoo oy pue ‘soFuey
JO uonedyIpou 1S80)) YHION IoInQ UIoyINos
pue a3eureIp PUE [BOUID A )SBO))
b
JUQ[[90X? saImbay] [ION WIOYINOS pue [enua)) ——
uonoedwod S[10S Apues ue}jo ‘Spuepjom so10ads sBuruedo 152104 paqor-ury)
Jou nq 9dUBQINISIP JLIPAY [BUOSEAS pue ‘Spue[sseid : : pqojmnuay
(€661 UBUD{OIH) SUAYOL UR NI [10S 01 JURID[O],  AJ[RUOSEIS 0] OLIDYX 3 renred o3 ng  ‘jearedeyd ‘sguruado 3sa10  qIoy [eruuaIdd pAAl-LI0yS DIjIYIOF]
(€661 UBUIIH)
K1eSS000U 9q Aew
SI1OS mEEos-MBmB PJO[[00 JOA0 pue So109ds
19130 10 paporduion a[qeneA A[[einynonioy
JO uonedyIpowt
pue d3eurerp (¢661 (£00T suosieq) uonnadwod
JUQI[90XA saImbay UBWOIH) BIqUIN[OD) YsnLIg uoNejo3A JO 90URID[0}
(€00 0} saguey 1580 YUON 9JBISPOU YJIM PIAI]
[4 -3U0[ pue ISYSI[qe)Sd MO[S
todurp) uonoeduwos (8861 I9INQ 9y} pue }Se0)) YHON P Ustq [
: paoy) Juerd puepom
[10S 0} SAT)ISUDS . sSoq pue ‘sdurems  SA103ds KI10)s10pUN 15010,
ds snoooert SAnBINoE Spuepam ‘sureans Jo suidiewt A
S99 I )M PIJBIOOSSE Jo sul Jowwns Surnp JuewIoq :
(0861 PIUUYOS) UOTBUTULIOT Auew ‘uonoedwos ’ on.:voE JUB13[0} OPEYS pue ‘(sy0adse ypiou se yons) ’ umej )seod
PI9s WOl SIBdA /-G SoYe} pue 90UBqQINISIP $1S010J UOAITIOAS POXIUL sq[nq 9[qeIoeIIL YIIM wnnjoaal
Suuomory pue ,Surp[ing-qng,, [10S 0} JUBIS[0} JON OISO 31y rented 03 [[n] PUB POOMPAI UI SIS OIS\ JIOY SNOIJIqINQ [eruuaIdd wmiuoayidizgy
yueq pads
/Tesaadsip uondedwod A3o10apAy JURII[0) IpeYS uonnqLIsIip £10)s1Y [eINjRU Jweu
Juondnpoadoy /3dueqInisip [1o§ AIMISION  /Judwrdambau jySry enqey / WLIOJ 1] dYNUINS

189

USDA Forest Service Gen. Tech. Rep. PSW-GTR-194. 2007.



Session 4—Redwood Forest Rare Plants and Management Effects—Sholars and Golec

(€002

dAaND) uoI3ar poompax
M PIIBId0SSE A[9S0[D)

(€661
UBWOIH ) UOISUIYSB AN

0} SUIpuLIXd ISBOY) YMION

uonnoduwos

UoNE)a59A 0] 90URID[0} MO jromSex
@W&o%% rewrue Ajqissod . . sweans sar0ads Suruado JSE0JBIS
(€661 uewYOIH) SopISLIq uonoedwods JUBI9[0} OPEYS Uo[e pue (3S910] POOMPaI 0} A101510pUN 150104 Mapuvjoq
SnonpIoap paqieq Ajnurw 10 2dUBQINISIP SOpN[OUI) 1SAI0J SNOISJIUOD *dBA LIIPUD]Oq
‘uryy yo sndded yum g [10S JO JUBId0} JON JISON 311 rented o1 [ng [BISEOD puB NS [BISBO)) QI SNOJBWOZIYI [BIUUIOJ 0D2UIS
(-1 wm3and
vyjuapy) [eAoikuuad pue
("1 voyvnbp stivppyJ) sseid
Suipiey ‘(‘we wn.iopfiynu
uin1jo7) sseidoka
[enuue Se [ons dAISBAUL
(€002 Aq paudjealy) A[[enuaiod
dAaND) uoI3ar poompax
M Ema‘o%m A19s0 (zoot
i paret 195010 SIOMOUS) JUSWOBOIOUD
AM@@ﬁ QﬂEv—Ommv I9JIuod nWQwBOE
JSB0)) [BNUI)) UIYLIOU J) ‘SOPIOIQIDY AQ PAUIBAIY,
PUE JSEOT) (HON tHAtpnos saroads s3urtuedo 3sa104 sseIg
SpuB[SSeI3 pue ‘pue[poOM oINS SuLNp JUBLLIO( droydewds
uonoedwod SIS JUB19[0} OPEYS JeO PUE }S2I0J UIIITIOAD ’ 1580 YIION
(200T s1omoyS) yueq pass PUB 20UBQINISIP  JOM AJ[BUOSEIS U0YO paxiw/poompal ut sguruado sseidyounq  SHUDLI2A00Y
Judysisiod o31e] ® 9ARY 10U SA0(J J10S JO JUBIS[0) JON OLIPAY] 03 OISO 311 renyed o1 [ng Jom 0) Jom AJJeuoseds  snojewroziyl [eruuordd [je],  uosodoanajg
(€661 UBUDIIH) BUBJUOI
‘erquinjo)) ysnug 0} sofuey
yrewey 1se0) YHON
o SMOPEBIW PUE ‘(SIOPLLIOD
Sy i uonisodop ;
108 JO JUBID[O, uerredrr Suofe Ajuowod) 110Md.) T
UuOI}ed2ISIP S15910] msohwm tuoo sa10ads A1035I9pUN 15210 ] paua)s
uonoedwod 01 SATISUDS JUBI9[0} OPEYS dUBJUOW PUB )SI0J -Ayed|
(€661 ueUD[OIH) pue 30uBqQINISIP o POOMPAI 1S10J USAITIOAD WAISAS JOOI MO[[BYS M Sua2sa|NnI
Spaos [rews Auew yim drnsde) [10S JO JUBIS[O} JON OLIPAT] 0) OISO Y31 TenIRg POXIW UI SO)IS OISIJ\|  GIOY SNOJBWIOZIYI [BIUUIOJ vl
(002

Z)10neN]) SUOIPUOD
1SI0J JOLIp

Jurd-Guruun.a

pue sormjeroduid) wngpano
JOULIEM 0} OAT}ISUDS wnipodoody

yueq pads
/Tesaadsip uondedwod A3o10apAy JURII[0) IpeYS uonnqLIsIip £10)s1Y [eINjRU Jweu
Juonanpoadayy /3dueqIn)sIp 10§ IMSIOIN  Audwdambax yySr /yeNqey / WLI0J JI | dYPUIS

USDA Forest Service Gen. Tech. Rep. PSW-GTR-194. 2007.

190



Session 4—Redwood Forest Rare Plants and Management Effects—Sholars and Golec

(100T uoayy) spuejs
Suryerouadar urym [es1ddsip

doueyUL Ued $103ds Surure;uod
SO9I) JUBUWIAI JO UOTIUOIY

(100T uoa3y) paprur]
[eszodsIp pue pasiodsip puip

(100Z u0a3y) soroads sy
Jo suonendod Sururewox

159q oY) UIEIU0d Aewl
1somypoN dyroed ‘odoing
noy3noxy) SuruIPaq

(€00¢ ueumig) o) ewouog
JO YINOS S32UAIINII0

JUBIXd OU A[JULIND
pue ‘uo13a1 poompal
)M PIIBId0SSe A[9S0[D)

(L661 Tos1oD pue

QUNDJA) SOPLOSE)) UIAISIM
‘VO 01 3V (8861°10D

pue o[eH) soSuey

1SB0D) YHION 9y} Ul Ajuno))
Jp[oquIny 03 premyou
BAIY ABg 00SIOURI,] UBS

(€00T
JAAND) $391) JO AJdLIBA

(€00T weumig)
suonerndod Kjenb

yS1y opIse-jas pue ‘ssor
pa1dnooo jo sdnoi3 urejox
03 soonoeld juowoFeuewt

15210J 93eIN0dUR

(L661

QUNDON PUB YOIION)

S901) JUBUWAL Y3MOI3

-p10 pue sdon jjom ‘sded
Jo uonoajoid ayy ST sSuAYOI|
juepuad JO UOIIBAIISUOD
10J 39181 DAT}OJJJO ISOIN

(100T uoay))

o5e puels yim pare[o1Iod

2oudsaid ‘seus pue

SpoompIey ‘SIdJIU0D I9P[O
uo juepuad pue juopuadoq
(£00T urwmIg 10T U033

Sunsatey 1oquin pue
uonnjod Ire 03 9ANISUSS

(1002 ® U0 dUOZ POOMPAI,, wYII|
Uu093y]) 2181 AI9A S[ENpPIAIPUL oy ur SMoIS 15910, ] 5 paeaq-guof
9[11I9] ‘uoneIudW eI 9A1RIAZIA Kdoueo oty ur ySry  puejdn) paaeajpeorg 1s10,] RUSHAEISS MOIS PIMI-SUO] uissiSuoy
Kq A1oA1SN[ox3 Jsowre sasradsiq V/N  JeWI[00I01W ISIOIN Aqrerouad W3i [ng SNOIJIUOY) ISBOD) YLION uayol] dnAydidg paus )
(€002

dAaND) uoidar poompalx (¥00T 99[0D) 1e11qey 10§

1M PAJBIDOSSB %~®mO~O 91oduwron SON0X3 JAISBAU]

(€661 ueunory) uoda10 (€002 Aqpuny) syuerd

u19)SoMm pue ‘saguey 1Se0)) 1001dn 10 ysnio jey sjoeduir

YINOS 1IN0 UIDYHOU ‘BAIY J9311p JO juBIS[0} JON

Keg 0os1ouelI,] Ueg )se0)) (4007 S1ddoT) S103100IP

[eUQ)) [ENUID PUE UIDYLIOU Ajeuonouny Suraq

womcmmuammoo JHON jueld Aq yred ur paouanyjur

(vooz 1010 24 ASEO) YHON sdeyrod L1[IqeIA 19MO] 9ARY

Spoas Jo uonepald [1A0om AaBoH 09]00)) [EAOWIAX . o1 1eadde suonendod [[ew
Adoued [0} SOMIS paqImsip | [[ewrS w
(€661 S[10s M TOTRODISIP UQYJO ‘S)S910J USAISIOAD sor00ds s3uruedo 15210 00[qI3¥3Y
ueuD[OIH) Juaw3as yniy 1od pads  pojoedwooun uo 3snqox 0} SAISUOS JUBIS[ONT IS POXIW PUE SNOIFIUOD pased[-ddew
QU0 YM A[[BISUIT JUIDSIYOPUI  2IOWI JNg ‘QOUBGINISIP o : Te1seo0d ur s3uruado pue qQUIYS-qns SNOIOA0IPOUAS  Sapro4yovipu
pue paIudWas () [—G: NI [10S JO JURID[O], JISON S rented 03 [ng  ‘orrrexd pue qnios [)SE0)  PUB SNOJBWOZIYI ‘[RIUUAIdJ aoIpIS
yueq pads

/Tesaadsip uondedwod A3o10apAy JURII[0) IpeYS uonnqLIsIip £10)s1Y [eINjRU Jweu
Juondnpoadayy /3dueqIn)sIp 10§ RIMSIOIN  Audurdambaa yysry /renqey / WLIOJ 1] dYNUINS

191

USDA Forest Service Gen. Tech. Rep. PSW-GTR-194. 2007.



Session 4—Redwood Forest Rare Plants and Management Effects—Sholars and Golec

Table 2—Positive and negative disturbance impacts to selected redwood forest rare plants.

Scientific name

Positive disturbance impacts

Negative disturbance impacts

Astragalus agnicidus
Humboldt milk-vetch

Canopy removal increases light and
improves habitat

Reduced vegetation competition and
shading

Seed scarification via soil disturbance and
sun exposure/temperature

Creation of seasonal road bank and fill
habitat

Potential dispersal through mechanical soil
movement such as seasonal road grading

Plants crushed or uprooted

Soil disturbance buries seed bank too
deeply for germination (> 3")

Heavy slash deposition obstructs light to
herbaceous layer limiting
germination/growth

Displacement and loss of habitat with
introduction and proliferation of invasive
exotics

Canopy closure with reforestation creates
unsuitable habitat

Mortality from herbicide application

Campanula californica
swamp harebell

Partial canopy removal increases light and
improves habitat

Seasonal road drainage creates mesic to
hydric habitat

Plants crushed or uprooted

Desiccation from changes in hydrology
and full light exposure,

Heavy slash deposition obstructs light to
herbaceous layer limiting
germination/growth

Displacement and loss of habitat with
introduction and proliferation of invasive
exotics

Mortality with soil compaction

Mortality from herbicide application

Erythronium
revolutum
coast fawn lily

Partial canopy removal increases light and
improves habitat

Plants crushed or uprooted

Desiccation from canopy removal and full
light exposure

Heavy slash deposition obstructs light to
herbaceous layer limiting
germination/growth

Mortality with soil disturbance or
compaction

Mortality from herbicide application

Horkelia tenuiloba
thin-lobed horkelia

Canopy removal increases light and
improves habitat

Reduced vegetation competition and
shading

Plants crushed or uprooted

Heavy slash deposition obstructs light to
herbaceous layer limiting
germination/growth

Displacement and loss of habitat with
introduction and proliferation of invasive
exotics

Mortality with soil compaction

Mortality from herbicide application
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Scientific name

Positive disturbance impacts

Negative disturbance impacts

Lycopodium clavatum
running-pine

Partial canopy removal increases light and
shading

Plants crushed or uprooted

Greater then 50% canopy removal
decreases habitat quality through
desiccation and full light exposure

Dense canopy closure with reforestation
creates unsuitable habitat

Frequent disturbance inhibits establishment

Mortality from herbicide application

Mitella caulescens
leafy-stemmed
mitrewort

Partial canopy removal increases light and
improves habitat

Plants crushed or uprooted

Desiccation from changes in hydrology
and full light exposure,

Heavy slash deposition obstructs light to
herbaceous layer limiting
germination/growth

Mortality with soil disturbance or compaction

Mortality from herbicide application

Pleuropogon
hooverianus
North Coast
semaphore grass

Canopy removal increases light and
improves habitat

Seasonal road drainage creates mesic to
hydric habitat

Plants crushed or uprooted
Desiccation from changes in hydrology

Heavy slash deposition obstructs light to
herbaceous layer limiting
germination/growth

Displacement and loss of habitat with
introduction and proliferation of invasive
exotics

Canopy closure with reforestation creates
unsuitable habitat

Mortality from herbicide application

Senecio bolanderi var.
bolanderi
seacoast ragwort

Partial canopy removal increases light and
improves habitat

Plants crushed or uprooted

Heavy slash deposition obstructs light to
herbaceous layer limiting
germination/growth

Desiccation from changes in canopy
removal and full light exposure

Mortality from herbicide application

Sidalcea malachroides
maple-leaved
checkerbloom

Canopy removal increases light and
improves habitat

Reduced vegetation competition and shading

Creation of seasonal road bank and fill
habitat

Seed bank germination with soil
disturbance and sun exposure/temperature

Dispersal with mechanical soil movement
such as seasonal road grading

Plants crushed or uprooted

Heavy slash deposition obstructs light to
herbaceous layer limiting
germination/growth

Desiccation from changes in canopy
removal and full light exposure

Dense canopy closure with reforestation
creates unsuitable habitat

Displacement and loss of habitat with
introduction and proliferation of invasive
exotics

Mortality from herbicide application
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Scientific name Positive disturbance impacts Negative disturbance impacts
Usnea longissima Partial canopy removal (non-host tree) Loss of habitat with removal of host tree
long-beard lichen increases light and improves habitat or snag

Mortality from broad scale herbicide
application and smoke from prescribed
burning

Discussion

The results indicate the response of these ten redwood forest rare plants to
disturbance is correlated to the ecology and life history of the species. Important
ecological results were: 1) forest understory species were dependent on shade and the
moist forest microclimate, and were sensitive to soil disturbance and compaction
(running-pine, coast fawn lily, and seacoast ragwort); 2) early successional species in
some cases but not all increased with canopy removal and soil disturbance but not
soil compaction (Humboldt milk-vetch and maple-leaved checkerbloom); and 3)
forest openings species benefit with full light exposure but not necessarily with soil
disturbance and compaction (North Coast semaphore, swamp harebell, and thin-lobed
horkelia). Potential impacts to these species as a result of disturbance associated with
timber management activities are strongly weighted toward having negative effects.
Direct impacts (crushing or uprooting plants), heavy slash deposition (obstruction of
light to herbaceous layer), and herbicide application are the primary negative
impacts. Other secondary impacts are changes in hydrology or forest microclimate,
soil disturbance and compaction, and introduction and proliferation of invasive
exotics. The primary positive impacts were increase in light exposure with canopy
removal, and augmentation of habitat and hydrology associated with seasonal roads.
Overall, the most significant conclusion from the results is the paucity of
comprehensive and published ecological data on redwood forest rare plants, and their
response to disturbance regimes such as timber harvesting.

Clearly many rare plants are dependent on environmental factors like hydrology
and amount of light exposure. Swamp harebell and North Coast semaphore grass
need partial to full light exposure and at least seasonal hydric conditions. Thin-lobed
horkelia benefits from full light exposure. Long-beard lichen requires full sun but is
dependent on large tree structure, and may require decades to recover from canopy
removal (Halpern and Spies 1995). Forest understory species such as leafy-stemmed
mitrewort, coast fawn lily, running-pine, and seacoast ragwort are dependent on the
shady and moist forest microclimate, and generally are affected by management
activities that significantly alter these forest attributes. Swamp harebell and running-
pine are shallowly rooted and are more sensitive to soil disturbance, compaction, and
changes in hydrology (Halpern and Spies 1995). Humboldt milk-vetch and maple-
leaved checkerbloom are early successional in nature, and these species’ habitat
requirements were the most compatible with timber harvesting activities such as
canopy removal and exposure of mineral soil.

Persistence of rare plants in a managed landscape is not in itself an indication of
viability, but may reflect an overall increase, equilibrium, or decline in numbers over
time. Rare plant persistence is influenced by many factors as well as how
management impacts affect these factors singularly or cumulatively. These factors
can be abiotic or biotic in nature. Abiotic factors include topography, aspect, shade
and light exposure, hydrology, forest microclimate, and soil type, chemistry and
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structure. Biotic factors include population size, number of reproductive plants, seed
set, dispersal and seed banking, canopy cover, vegetation competition, invasive non-
native displacement, organic layer and large woody debris, predation, pollinators and
microbial relationships such as such as mycorrhizae and nitrogen fixation.

Rare plant persistence in a managed forest is also influenced by the species rate
of establishment (fast vs. slow). The establishment of a reproducing individual can
take one season or years. For example, Humboldt milk-vetch and maple-leaved
checkerbloom have much faster rates of establishment than coast fawn lily and
running-pine. Under appropriate habitat conditions, Humboldt milk-vetch and maple-
leaved checkerbloom can develop into robust reproducing plants within several years
unlike coast fawn lily that takes over five years to flower (Schmidt 1980). Running-
pine has a lengthy and complex maturation. The spores of running-pine first develop
into a subterranean gametophyte prior to developing into the familiar mat-forming
sporophyte, and this maturation of the gametophyte can take over 10 years and is
mycorrhizal dependent (Leppig 2004). In addition, slow establishers like lilies [fairy
bells (Disporum spp.), western trillium (77illium ovatum Pursh), and single-flowered
clintonia (Clintonia uniflora (Schultes) Kunth)] and orchids [rattlesnake plantain
(Goodyera oblongiflora Raf.), heart-leaved twayblade (Listera cordata (L.) R.Br.),
and western coralroot (Corallorhiza mertensiana Bong.)] are more susceptible to
local extirpation (Halpern and Spies 1995, Jules 1997). Bryophytes and lichens such
as long-beard lichen are often lacking in younger stands due to slow growth rates as
well as dependency on large tree structure, moist microclimatic requirements, and
limited dispersal (Halpern and Spies 1995)

Timber management activities can alter factors influential in the persistence of
rare plants. Alteration of these factors can result in direct, indirect, and cumulative
impacts to rare plants. Whether negative or positive and to what degree, is based on
the type, intensity, size and frequency of disturbance, and the individual species
habitat and life history requirements. Potential direct impacts (“take”) can result from
timber felling and yarding, road construction and maintenance, log decking, and
other staging area activities. Indirect impacts can include canopy alteration (change
in shade and light exposure), change of hydrology, disruption of symbiosis (such as
mycotropic or mycorrhizal relationships), disturbance of root systems, burial of seeds
below germination depths, exposure of mineral soil, reduction of vegetation
competition, and slash accumulation. Lastly, cumulative impacts can result with
frequent disturbance regimes (especially with slow establishing species), selective
pressure toward a certain type of habitat or taxa, and increase habitat opportunities
for invasive exotics.

To avoid negative impacts and ensure positive effects to rare plants within
timber managed landscapes, it is important to understand the specific niche
requirements. Understanding specific niche requirements increases the probability of
finding rare species and effectively mitigating impacts (Sholars 2004). However,
distribution of a rare plant and its dispersal mechanisms are equally important. Not
all plants are limited by available habitat; dispersal limitation and regional speciation
can be stronger factors for determining occurrence. Understanding rare plant
distribution, habitat, and life history requires developing good inventory and
ecological data collection methods. Rare plants distribution is often determined by
forest managers solely through the use of electronic databases such as CNDDB
RareFind or CNPS’s Electronic Inventory of Rare and Endangered Plants of
California. The problem is that these are positive occurrence databases that contain
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only known locations of species that have been observed and documented. Absence
of data in these sources does not mean that a rare species is not present (Jirak 1998).
Known occurrence data needs to be used by forest managers in conjunction with
inventories and monitoring in order to better manage the forest and not contribute to
the further decline of rare plants.

Although the persistence of some species can seemingly mimic weedy behavior,
it is important to distinguish pioneer species (early successional) behavior from the
weedy behavior of invasive exotics. Pioneer species will have different responses to
impacts from disturbance based on their early successional role. Humboldt milk-
vetch likely evolved and benefited with fire disturbance events, as indicated by
observations of increased seedling expression at burned sites (Golec 2004). Slash is,
however detrimental to its establishment and growth. Prior to fire suppression, forest
fires were significant disturbance events in generating large forest openings and
exposure of mineral soil. Fire history of the redwood forest shows surface fires
created frequent disturbances in coast redwood forests of Mendocino County prior to
the early 20th century. Average fire frequency varied between 6 and 20 years in one
study (Brown and Baxter 2003). With fire suppression timber harvesting has for the
most part replaced these prehistoric disturbance events in generating forest openings
and exposing mineral soil.

Lastly, invasive exotics are often introduced or proliferate with repeated
disturbance. Invasive non-native species are a worldwide threat to biodiversity, and
this threat is second only to direct habitat loss and fragmentation. Their effects are
severe, complex, and extensive to the environment, and include displacement of
native plants and animals. Rare plants are particularly vulnerable to invasive exotics
and every rare plant can be readily displaced by invasive exotics such as the early
successional species purple pampas grass (Cortaderia jubata (Lemoine) Stapf), or the
shade tolerant forest understory species English ivy (Hedera helix L.). In addition to
natural dispersal through wind, water and wildlife, the spread of non-native invasive
plants on forest lands are often facilitated by heavy equipment and vehicle traffic,
road construction and maintenance, erosion control seeding and mulching, and
vegetation and soil disturbance associated with management activities. Some of the
problematic non-native and invasive plants associated with redwood forests are bull
thistle (Cirsium vulgare (Savi) Ten.), purple pampas grass, Scotch broom (Cytisus
scoparius (L.) Link), French broom (Genista monspessulana (L.) L. Johnson),
English ivy and Himalayan blackberry (Rubus discolor Weihe & Nees).

Conclusions

The concept of “disturbance” as used in forest ecology is subjective, often complex,
and oversimplified. Many rare plants are not necessarily benefited by disturbance
from forest management activities. Forest management activities may create what
appears to be potential habitat; however, census and monitoring data do not always
indicate an increase in rare plants. This may be due to unapparent niche requirements,
poor viability (such as small populations, or pollination and dispersal limitations),
and proliferation of invasive non-native plants.

To ensure the persistence of rare plants, forest managers need to take into
account the distribution, habitat, and life history of each individual rare plant in their
management area. A great deal of positive effect can take place given care to both the
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direct and indirect impacts of management activities. With increased knowledge of
the biology and ecology of rare species, forest management activities can have a
positive effect on rare plant viability and survival. Without this knowledge and the
interest in fostering rare plant conservation, forest management activities are sure to
continue to play a role in the increase of rare plant extirpation and extinction.
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