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Abstract
lnsecrs pla) an inrcgral role in ihe heald of lbrest ecosystens. While mosl insect spccies in easiern Oregon and [ishington

forests are presumcd to be abundant and secure. some may bc rare or in decline. Accounts are given lbr iltcen east-side foresl

insed species currenrly listed as threatcned. endangered. or rensitile (TES). We discuss reasons for thcir listjng, \\'hich includc

peripheral populations. relict spccics. species with resficted habitats or hosls. and endemi( \peLi(\

Wherher lhc nccds ofcurently listcd TES east-side ibrest insects are being met by cuffent management pracdces can onl) be

ascenained il adequate inforDarion is available on their distribuiion. abundance. habital requiremenls, and biologies. However'

thjs infofmation is lacking for many specics. For instance. i\c of lhe TES species discussed in ibis paper have poorly known

di\tributions, and beucr information may changc their status. Applicatjon ofgeneral principlcs forthe conser!adon ofinvertebrale

di\crsj!y andfunctions na,v help prevent o$ercas! side forest insecls liom acquiring lederal or stateTES classiiicalion and could

aid spccies alreadl lisred. Manl' pracrices alrcady undenaken b,,- lcdcral land m.rnagers ma! be helping to prolec! TES popula-

lions and habirar. Spcciiic managemenl practices, such as preserlalion of key habrlu|s at risk of degfadalion or alteration (e.9.,

springs and sphagnun bogs), may be ncccssarl, to prevenr fic dccljne or local extinction of some TES insccls. Giten the inad

equate information available for mostnon pesl fore st insec6 and theirgreat ditersilr. a nrore syslenatic approach to theif conser

vation and manageinent may be necdcd.

lntroduction

Insects are integral components of virtually all
tenestrial ecosystems. They are key elements in
tbod and energy webs because of their high spe-
cies diversity, great abundance. and breadth of
ccological and trophic roles. Although in forest
environs most attention in the past has fbcused
upon insects as fbrest pests, their many contribu-
tions to a healthy forest ecosystem are now rec-
ognized. While most fbrest insect specles oleastem
Oregon and Washington are presumed to be rela-
tir el) common and se(urc. some spe\.ie\ rre con
sidercd potentially thrcatened or endangered. The
purpose of this paper is to provide accounts for
and discussions of the 15 insect species of east-
em Oregon and Washington that are considered
to be rare or declining, plus 2 additional species
of interest.

Insects pose formidable challenges to threat
ene,l. endangereJ. or .ensil i\ e ITFS) : 'pecies con-
servation and management efTorts (New 1995).
One of the most daunting aspects is the great species
diversity ofthis class. Litcrally thousands offorest

insect species are fbund in this region (e.g., Par-
sons et al. l99l). The extreme difficulty in distin-
guishing between many species of insects further
complicates conservation and management effbrts.
This problem is compounded by the very limited
number oftaxonomic specialists available to iden-
tify insects (Lattin 1993, New 1995). Both ofthese
issues are linked to the absence of adequate data
for the majodty of insect species. Littlc more in
fomation is available than names and descrip
rion. for mo\t \ne(ie:\. Man) inse.:t .pecie. are
known fiorn only a single specimen, orjust a few,
and an equally low numberoflocalities from which
they are recorded. Consequently, these species arc
frequentty listed as TES by default, as is true of
several species addressed in this paper. However,
such species shouldbe considered forlisting with
caution, especially as scarcity ofinsect specimens
or records does not neccssarily gquate to actual
rarity. Subsequent collecting efforts may find these
species to be relatively common and widely dis-
tributed, which was the case with the caddisfly,
Cryptoc hia neosa, discussed herein.
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The basis for I isting species as TES is the En-
dangered Species Act (ESA 1973), and listings
are continually re-evaluated (e.g.. USDI 1999).
Species may be listed at Federal or state levels.
Difl'ercnt categorization criteria and proccsses
result in lisrs ofTES species thar ofren diller dra-
matically betwcen agencies, organtzauons, or
ad.lacent states. For instance. the Washington State
DepartmenL of Fish and Wildlife (WSDFW) lisrs
17 spccies of insccts as state or Federal candi-
dates (hftp://w\r,w.$'a.go\/wdf w,ft ablphsinvrt.hhn#
arthropods). The Oregon Departmcnt ofFish and
Wildlite (ODFW) has a cooperative agreemenr
rvith thc Oregon Natural Heritage Program
(ONHP) to develop and maintain thc srate inver-
tebrate TES listing. which curently l ists 78 po
tential TES insects in various categories (ONHP
2001). The Nature Conservancy (TNC) also main-
tains a l ist of insects that are believed to be rare
or narrowly distributed. Listed insects often rep
resent taxa that are rclict or endcmic, have re-
st cted habitats or hosts. have populations at the
periphery of wider distributions or simply those
about which little is known.

Of the 21 insect specics known from easte[]
Oregon orWashington listed by the ONHP(2001)
or the WSDFW (websitc). none are l isted as Fed-
erally Threatened or Endangercd. although tu'o
arc l isted as Federal Specics ofConcern and one
is a Federal Candidatc species. Fifteen of these
species are associated with forests or adjacent lands
and iiquatic habitats. Accounts tbr thesc species
and two other species that ofler several points of
discussionarc provided, focusing upon their known
distributions. habitats, and status in eastem Or-
egon and Washington. The listing status of each
specres is prcsented in Table L The following dis-
cussion ilddresses ho\r' these spccies may be in-
fluenced by specific disturbances and manage
mcnt practices! including treatnents to promote
forest health and productivity and how land
managers and stewards nray mitigate deleteri-
ous impacts.

Species Accounts

Coleoptera (Beet es)

Agonum belleriHo,tch: Common namc: Beller's
ground beetle: Familv: Carabidae (carabid or
ground beetles). Distribution: Southwestem Brirish
Columbia. westcrn Washington. and northern
Oregon (Bousquet and Larochelle 1993). The sole
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Oregon population is in Wasco Co., just east of
the Cascade Cresl (LaBonte 1995). Habitat: Re-
stdcted to sphagDurn bogs in forested areas fiom
sea level (Kitvanaugh 1992) to montane areas in
the Oregon and Washington Cascades (Johnson
I 979. LaBonte 1995). S.tatu!: Habitar desrrucrlon
or degradation via urbanization. grazing, l1oris-
tic succession, trampling, and bog drainage or
sphrgnum mining. and pesticide applications fbr
iorest pests or mosquito abatement are threats 10
known populations (LaBonre l995)

Nebria gebleri .fragnrlae Kavanaugh; Com
mon name: Sfawberrv Mountains gazellc beetle:
Famil)': Cinabidae. Distribution : N e b r ia geb leri
Dcjean is distributed throughout western Canada
and the United States, from the Conrinental Di-
vide to the West Coast (Bousquet and Larochelle
1993). However. this subspecies is known only
from the vicinity ofthe Strawbeny Mountains in
noftheastem Oregon (Kavanaugh 1979). Habitat:
Atelevations ftonl 1500-2300 m, along the cobble
and gravel banks of montanc perennial streams
alnid conilercus forest (Kavanaugh l979. LaBonte
1995). $1atqs: Apparently rclatively abund?Lnt and
secure in known habitat (LaBonre 1995). which
is largcly within the Malheur National Forest and
the Strawbenl Mountain Wilderness. Potential
thrcats include pesticide applications tbr forest
pests (LaBonte 1995). The eflects oflogging. water
pollution and sedimentation, livestocktrampli[g,
and sfeambank degradation upon thesc beedes
are unknown.

Scaphirutns manniiWickham: Common name:
None; Family: Carabidae. Distribution: Previously
known only from the steppe region of southeast-
em Washington,lrom rhe vicinity of Asotin.Asotin
Co. (Gidaspow 1973), and sourhwest ofPullman.
Whitman Co. (Wickham 1919, Greene J975).
Recently fbundin noftheastem Oregon, nsar Troy,
Wallowa Co. (LaBonte, unpubtished). Habitar:
Odginally known only lromcanyons at elevations
below about 200 m, in riparian stands along small
tributaries of the Snakc River (Greene 1975,
LaBonte 1995). Recently found in a remnant stand
of riparian forest along the Grande Ronde River.
at an elevation of about 760 m (LaBonte. unpub
lished). $1419!: Unknown fbr Oregon populations.
Southeastern Washington populations are threat-
ened by rural development, agriculture. under
story vegetation destruction via l ivestock graz-
ing and trampling, possible rangeland pesticide



TABLE L Listings oi Tlrcalcncd and tjndangered in\ects of ea\rside Orcgon and \\'ashingion forests and adjacenl arers (this

inlbrmarioll is nkcn lio ONHP2001 and WSDFW websile. scc lclt).

Order
(Falnil)-)

Coleoptera
(Carabidae)

Coleoplcra
(Carabidac

Coleop|e
(C.r bidac)

Heteroptefa

Hclcroplcra
(Hcbidac)

Heteropterl
(Cxniu(lJc

Helcroplcra

Hatcroptcra
(Nlilidac)

(Ni l r idae)

Lepidoplcra
(N,,-lnphalidael

l c n i d o t t e r r

Lepidoplcra
{Lvcacnidac)

Lepidoplcra

Lepidoptera

Leprdoplera

Tfichoptera

Trichotrera
(Limnephi l idae)

I TNC = The Na(urc Conservancr
: See text fbr lirrt\er inlbrmalion

applications, habitat inundation via d ms and other
banien to \\, ater tlow, incrcasing the pool depth
of existing dams. alld the possibil i t), of increased
frequency and intcnsity of seasonal t looding due
to upstream deforestation (LaBonte 19951 E. van
dcn Berghe. Ave Maria Collcge. San Marcos.
Nicaragua, personal communication).

Fed.
Species of

Candida|c

Fed. Species
ofConcefn

Heteroptera (True Bugs)

Unless otherwise cited, the folJowing infbrmation
on Heteropterl derir e. Irom per.orul comnrur)icJ
tions made to LaBonte by Dr J.D. Lattin, Emeri-
tus. Deparlment of Entomology, Oregon State Uni-
vcrsity. CoNallis. OR. Any misinterpretations of

Imperiled, few popu
lations kno$ n (OR)

Impefiled, few popu
lat ions known (OR)

Crirically impcnlcd.
one population known
(oR)

lmpcrjled. fe$ popu-
ladons knorvn (OR)
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those rentarks are solely the responsibil i ty of
LaBonte.

BoreostolL6 americatas Wygodzinsky and Stys:
Comnon name: None: Family: Aenictopechidac
(Unique-headcd bugs). Distribution: poorly known
overall. Known fron highly disjunct locales in
Colorado, western Oregon and Washington
(Wvgodzinsky and Stys 1970; Froeschncr 1988a;
J.D. Lattin, unpublished), and a single locale in
southeastcrn Washington in Colurnbia Co. along
the Tucannon River (J.D. Lattin, unpublished).
Rccorded fiom Catitbmia (Froeschner 1988a). but
this record is enoneous (J.D. Lartin. urpublished).
Habitat: Under well-imbedded rocks and stones
in sand along streams and rivcrs amid coniferous
forests. Status: Largely unknown. permanent in-
undation via darnming and changes to the peri
odicitv and intensity of seasonal f loods may ad-
velsely affect this species.

Hebrus buettoi Drake and Harris; Common
1944: None: Farnily: Hebridac (Velvet water bugs).
Distribution: Widely disrributed rfuoughout much
of the Unitcd States and into Mexico (polhemus
and Polhcmus 1988). Based upon Oregon Depaft-
ment of Agriculturc specinrens. it is known in
Oregon fromfour hot springs in Harney Co. (Borix
Hot Lake, Harney Hot Springs. Trour Creek Hot
Springs. Whitehorse Hot Springs): Barry Hot
Springs near Lakevieu', Lake Co.: Folcy Hot
Sprin-ts east ofEugene, Lane Co.; and a hot spring
in Malheur Co., nofth olMcDennitt (NV). Eahi:
1a!; Rest.icted te the cooler margins ofhot springs
at the no hcrn edge of its distribution, more gen-
crally aquatic/riparian/lacustrine in ntore south
erly localcs. Found on damp soil along the water,s
edge and on the surflce of shallow pools with
abundant vegetation. Status: Degradation or de-
stluction ofspring margins via trampling and live-
stocK grazrng represeDt potenlial threats. Drain_
ing of hot springs or extensive modification of
hot springs hydrologv would be detrimental to
thesc bugs.

He.sperocimex c:oLoradensis List: Common
14qp: Colorado bed bug: Famiiv: Cinricidae (Bed
bugs). Distribution: Known fronr British Colum-
bia. Califbrnia, Colorudo, Nebraska, Oregon, and
Mexico (Frocschner 1988b). In Oregon, only
known fiom ote site each in Grant and Klanath
Co. in eastern Oregon (Lattin and Schuh 1959,
Usinger 1966). The range of this species is ult i
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mately determincd by thar of its hosts. Habitat:
Feeds upon the blood of birds and is found in
bird ncsts in fbrested areas. Status: Unknown.
Health of populations is undoubtedly linked to
that of the hosts. However. the full host ri,nge is
unknown and these insects may not be cotfined
to forest habitats.

Nabicula subcoleoptratu Kirby; Common
44419: None: Familv: Nabidae (Damscl bugs).
Distdbution: Widespread in the eastem United
States and Canada (Henry and Latrin 1988). be-
coming uncornmon west ofthe Rocky Mountains.
Known in this region only from a locality in noflh-
eastern Oregon, representing a peripherai popu-
lation. Habitat: This predaceous bug is found on
the ground or on low vegelation in moist mead-
ows amid moderate elevation coniferous forests.
Status: Unknown.

Pro obcrepis cluvitornis Knight; Common
qry: None; Family; Miridae (plant bugs). pj5
tribution: Recorded tiom British Columbia ancl
Colorado (Henry and Wheeler 191i8). Known in
this region from a singie locale in Lake Co., south
of the Pine Mountain Observatory Orcgon. Habitat:
Oregon specimens were fbund on cunent (Rlbe.r
sp.) in clearings amid juniper forest. Status: Un-
known. Distribution of RlDe,i spp. may be criri-
cal to this species.

Sirerotris sp. nov. (an undescribed species);
Common name: None: Famil)': Miridae. Distri
bution: Only known fiom a singlc localc, Thrce
Creeks Meadow south of Sisters, Deschutes Co..
Oregon. Habitat: A meadow at an elevation of
about 2000 m, amid a forest of lodgepole pine
and subalpine fir Status: Unknown.

Lep doptera (Butterflies and N,4otrs)
Much of the following infomadon on Lepidoptera
derives from penonal communications made to
LaBonte by Dr. Paul C. Hammond, Orcgon State
University. Corvallis. Oregon. Any rnrsrnrerpre-
tations of those remarks are solely tnc responsl
bility of LaBonte.

Boktria beLlona toddi Holland: Corrunon name:
Eastern meadow fritillary: Familv: Nymphalidae
(Brush-footed butterflies). Distribution: A com_
mon eastem United Srares butted'ly (pyle 197,1)
naturally replaced in our region by the westem
meadow frit i l lary, B. epithore Edwards (pC.
Hammond, personal communication). Spotti ly



distributed in castcn] Washington (Hinchcliff
1996). It is at the very southern extreme of its
range in Orcgon, known from only one locale in
Urnatil la Co. (Hinchli lf 1994). Habitati Montane
moist meadows and clearings arnid conilerous
tbrests (PyJe 1974, Scoft 1986.). S.!4$: Overgrazing
or trampling by livestock may degrade habitat or
l i l l  immobi le  l i l e . tape. .  5ucce\ . ion  or  in \u \ i r 'n
by non-native plants may elirninate the lood plant
(violets): fires or pesticide applications for forest
pe \ l \  m i ry  L  i l l  .u \ 'e f r ih le  l i l c . lagc : .

Boloria selene ttrotosralls (Huard); Common
laue: Silver-bordered ti i t i l lary; Familv:
Nymphalidae. Distribution: The species is wide
spread throughout Canadaand the northem United
States (Scott 1986). This subspecies is boreal across
Canada and Alaska (Scott 1986). lt is fairly wide-
spread in eastern Washingbn. becoming lcss so
to the south (Hinchcliff l996). Known only fiom
two locales in Oregon; sevcral meadows in the
Ochoco Mountains in Crook and Grant Co. and a
population at the southerr end of the Wallowa
Mountains, Baker Co. (Hinchcliff 1994. PC.
Hammond. personal communication). Habitat:
Montane to subalpinc moist meadows and bogs
(Scoft 1986). Status: Although this butted'ly is
common where found in Oregon. the localized
and isolated naturc of these populations renders
them vulnerable to disturbances such as chronic
overgrazing and trampling by l ivestock (PC.
Hamnrond. personal communication), fires, or
pesticide applications for forest pests, while suc-
cession or invasion by non-native plants may elimi-
nate the lbod plants.

Habrcdais grunus herrl Field; Common name:
Golden hairstreak. chinquapin hairstrcak: EalL
!y: Lycaenidae (bluc and hairstreak butterflies).
Distribution:Thc species is disbibuted from south-
cmmost Washington south to northern Baja Cali-
fomia, east to the crest of the Cascadcs and Sier-
ras. with isolatccl populations in the higher
elevations ofArizona (Domfeld 1980, Scon 1986).
The subspecics herri is predoninantly Cascadian,
ranging from northem Califomia to southernmost
Washington (Scott 1986; Hinchcli lf 1994, 1996).
Several Oregon populations occurjust east ()1 the
Cascade Crest, and thc single Washington popu
lation is located in Skamania Co. (Pyle 1989,
Larsen et al. 1995). Habitat: The caterpil lars of
this species leed upon chinquapin, Castanopsis
chrysoph,-la, as well as tan oak, Lithoutrpus

densiflorus, and canyon lNe oxk. Quercus
chrt,solepi.s (Scott 19136). Throughout the range
of the specics. it is found in snall forest open-
ings and dparian deciduous tree stands. Status:
California and Oregon populations of this sub-
species are secure. as the larval tbod plants are
abundant and widely distributcd. Thc Washing-
ton population represents thc mostnonherly popu-
lation of both this buttcrlly and the larval food
plant. chinquapin. Present threats to this isolated
population of the buttertly include deterioration
or destruction ofthc host tree stands via logging,
road building. herbicide application, fire, shad
ing from adjacent conifers (chinquapin is shade
intolerant), and pathogens (Pyle l9E9). Broad-
spectrum or Lepidoptera specific insecticide ap-
plications in the vicinity would also be a threat.

MitoLtru gtj^nea Darnl (Johnson); Comrnon
!a!qg: Juniper hairstrcak: Familv: L1'caenidae.
Distribution: A Great Basin species: Califomia.
ldaho. Nevada, Oregon, and Washington (Scott
1986). Abundant and widespread in eastern Or-
egon (Hinchcliff 199,1). InsoutheasternWashing-
ton, known only ftom four general locales inAsotin
and Columbia, Franklin, Grant, and Klickitat coun-
ties (Hinchclifl 1996). Habitat: Lower elevation
to montane areas, wherever the larval host plants,
juniper, occur (Soott 19136). Sl4!u!: Secure and
stable in Oregon. The localized and isolated na-
ture ofthc Washington populations renden them
vulnerable to disturbances such as destruction of
host plants by fire or chronic overgrazing, and
pesticide applications lbr range or lbrcst pests.

Mitoura johnsoni (Skinner); Common name:
Johnson's or Brown Mistletoe hairstreak: Fau:
ily: Lycaenidae. Distribution: Southwestem British
Columbia south to the Cascades and Sieras ir
nofihem California (Scott 1986). In Oregon and
Washington. gcnerally west ofol in the Cascades
lH inchc l i l f  lgg4 .  loq6) .  T \ ' lu led .  L l i . junL t  popu-
lation: oecur rn Baker and Wrllou a countics i l l
no heastem Oregon (and adjacent Adams Co.,
Idaho) (Hammond 199,1). A similarly disjunct
population has been documented fiom Whitman
Co. in southeastern Washington, but this record
is in need ofverification (Stanford and Opler 1993).
H4bi!(: Mature or old-growth tbrcsts ofDouglas-
fir and hemlock infested witb d$,arf mistletoe
(lrceurhohian spp.), the larva1 lbodplant (Pyle
lq71) .  51111! :  Th i .  :pec ie .  i s  o f  con .er r  u l ion
concem because it is essentially rcstrictedto mature
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or old-gro$'th forests. Threats of habitat loss in-
clude tinrber haryesting and uncontrolled wild-
tircs (Hammond I 99:l) as well as du,arf mistle-
toe control. As with otherTES forest Lepidoptera.
pesticide applications for forest pests are a po-
tential thrcat.

Polites nartlort (Edwards): Common name:
Mardon skipper: Family: Hesperiidae (Skippers):
Distribution: Known only fronr fbur disjunct ar-
eas in northwestern Califomia (Del Norte Co.),
thc Cascade Cresl of southern Oregon (Jackson
and Klanrath Co.), the east slope ofthe Cascades
1n southem Washington (Klickitat and Yakima Co.).
and the Tenino glacial outwash grasslands near
Olympia in western Washington (primarily in
Thurston Co.) (Hammond 1994, Potter et al.1999).
Habitat: Dry, open. ridgetops or grasslands, \\,et
meadows, and riparian areas amid coniferous for-
ests at a varicty of elevations (Harnmond 1994,
P t te r  e t  a l . lQQQr The la r rac  Ieed upun na l i \e
bunchgrasses. Festucq spp. (Potter et al.1999).
Status: This is considered a naturally rare, relict
specics of the late Tcrtiary pedod (Hammond
19921). The California coastal and Orcgon
Cascadian populations currently appear abundant
and stable. but somc Puget grasslands and Wash-
ington Cascadian populations are apparently in
decline or may be extinct (Potter et al. 1999). All
populations may be threatcned by urban devcl-
opment! overgrazing, pesticides, exotic invasivc
plants. and natural succession to forest (Potter et
a l .  1999) .

Tr choptera (Cadd sfl es)

Apatatliotav d(Denning); Con.mon name: None;
Fanrily: Limnephil idre (Northern caddistl ies).
Distribution: Known from Clackamas, Crook,
Douglas, Jefferson, Klamath, ald Linn Co. in
Oregon (ONHP 2001). The Crook, Jefferson and
Klamath Co. rccords are from east of the Cas,
cadc Crest. Habitat: Springs and spring-fed streams
in thc Cascade Mountains at elevations between
about 1200-1800 m (ONHP data). &411s!: When
Iisted in 19134. only afew populations werc known.
Subsequent surveys have found this species to be
much more common and u'idely distributed than
previously thought (Wisseman 1990, 1991).

Cnptochi.t tcosa Dcnning; Common name:
None: Famill': Limnephilidae. Distribution: Widelv
distdbuted throughout the Blue Mounlains of
Oregon (Bctts andWisseman 1995). Habitat: Cold,
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pennanent. small streams in dense fir forests at
elevations above about 1400 m (Betts and
Wisseman 1995). Unlike the aquatic larvae of most
caddisflies. Cnptocrid larvae ffe semi-tcrrestrial.
inhabiting damp leaves. debris. and u'ood along
stream margins. Status: No longer considercd
threatened or endangered as prcviously thought.
Widespread in the Blue Mountains and the habi-
tat is believed to be secure.

Forest Management and East Side TES
nsect  Spec ies

Thc etleet. oi lorcrt ntJnalemenl practir..e. upon
TES insects in east-side forest ecosystems may
be benign ordetrimental. This depends on the fre
quency, intensity, and spatial and temporal scales
of the disturbances. as well as $'hether affected
taxa are lelict or cndemic. have rcstricted habi-
tats or hosts. or are represented by populations at
the periphery of wider distributions. How sensi-
tlve iDsect taxa may be managed within the con-
te r l  o f  n l tu ra l  rnd  humln  d i . lu rb i lnce5 in  c i t \ ( -
side forests is discussed below.

Forests have evolved within the context of dis-
lurbince regin]es. Natural disturbances that oc-
cur through time and space create. alter, and main
tain habi|ats for the biota. including insecrs. Thus.
disturbanccs are a normal aspect of forest devel-
opmenl .  For  in \ tance.  fo res l .  e \per ienc i r )g  pcr i -
odic disturbance. such as outbreaks of tree-kill-
ing/defoliating insects or pathogcns, wildfires. and
windstorms, have richer structural and species
diversity of plants, ultimatcly leading to grerter
diversity of inscct herbivores and predators
(Hammond and Miller 1998). Periodic flooding
is necessar)'to maintajtrkey dpadan habitats. such
as gravel bars. Drought helps crcate patches of
xeric and tire adaptcd species upon ridgetops and
othe[ exposed or well-drained areas. with more
mesrc species associations along valley floors and
in riparian/wetland areas. The historical imprinL
of past climatic changes is expressed in the paG
tems ofecosystems. habitats. and faunal associa-
tions present in today's forests and adjacent lands.
Gene flow among populations has been cnhanced
by the network and mosaic ofhabitats created by
thcse natural dislurbances.

Other disturbanccs atlecting east-side foresls
and their biota are those imposed by people. For-
est land owners and managers at timcs attempt to
fep]icate the effects ofnatural disturbances tlnough



pncticcs such as prescribed fire. and various timber
harvcsling regimes. These can promote plxnt spe-
cics and structural diversity by altering fbrest tloor
[ricroclimates and by nlaking resources avai]able.
such as l ight. nutricnls, and space. In sorne in-
stanccs. thcy strivc to ameliorate the effects of
natural and human disturbances, such as by sup
pressing lbrestpest outbreaks and wildfires. Some
management actions are undeflaken to mitigale
the effects of non-resource managemenl distur-
bances. such as agricultural, commercial, and resi-
dential development, consffuctiol'l of roads and
dams. and invasive plants. all ol which may de-
grade and destroy critical habitats ordisplace native
species.

One of the aspects central to this issue is the
scale at nhich insects lunction. Although insect
populations can be orders of magnitude greater
than those of vertebrates. representing vast
metapopulations. this is not always so. Many in-
sects exist onlv in dinrinutivc. often ephemeral
or scattered. habit ts. The otten small and iso-
lated populations of TES insects thus pose par
ticularly diflicult problems for forest land own
ers and nranagers. These populations. and their
hosts or habitats. are inherently vulnerable to small-
scaie natural and anthropogenic disturbances, such
as local succession. Iocalized flooding, clear cut
ting. controlled burns, pesticide applications for
moscluito abatement adiacent to popular recle
iition ilreas and urban intertace areas, or road build-
ing. Destruction or dininution of local popula-
tions may further incremental population
fragmentati0n and isdation.

Recognition of the necessity to maintain healthy
and productive forest ecosystems and to protect
TES species has been expressed through the En
dangered Species Act (ESA 1973) and various
nandates alltcting public lands. Fcdcral and Sttrte
agercies are mandated to insure that their man
agement actjvit ies do not ieopardize the coDtin-
ueJ  e \ i \ tenee u l  l i . teL l  o r  iand iL l r te  .pe( ie .  o r
adverseJy rnodity their esseotial habitats. Activi-
t ies on National Forest lands ainred at the protec-
tion and managenlcnt of habitat for thc pcrpctua-
tion and recovery ofTES organisms are included
in Forest pli,nning regulations (USDA 2000a) and
arc monitorcd to dctcrminc thcir etlectiveness.
\n  in rpor tan t  sor l  io fTES.n(c ic \  mon i r  r ing  i :
to documenteffects ofan action oran cvcnt. such
as rvildfire. upou the recovery of the arca aftcr-

wards (Sheppard and Farnswofth 1995). It is also
vital to monitof the reestablishment of anv TES
species and the responses of individuals both
im rnedi ately after the action ol event and for several
)e i r r :  in lo  lhe  lu tu re .  l t  i .  imp( 'n i in l  lo  recogn i , /e
that meeting thesc goals tbr TES insects. as well
as other organisms. is rarcly simple or easy.

u  c d r  l r g  I

Because tbrests have evolved in concerl with natu-
ral disturbance regimcs, lbrest health and the health
of TES insects may be best achie\ed by sriving
to ensure that management activities and other
human disturbances emulate natulal disturbance
regimes as closely as possible. Perhaps the best
generll l  . lr.r le!:) lor the long-term con5er\l l ion
ofTES insccts and retention oftbrest health is to
ensure the development and maintenance ofhabitat
mosaics and networks throughout east side for
csts. A full range of forest habitats is regarded as
c':( nti i l l  f(\r:ur'ce\)ful ltrre:l inseel eonsen ation
(Warrcn and Key 1991).

The maior lactor to consider for TES insect
conservation is the need for physical and chro-
nological continuity of TES insect habitats, es-
pecially tbr those species requiring early and late
successional habitats (Waren and Key l991). For
instance, some folest butter{1ies. including Bdodc
seleae. probably cannot cft'ectively colonize habi-
tats more than aiew kilometers away irom a sowce
population (Waren and Key 1991). Distributing
a variety of forcst management activit ies such as
han'esting regimes. in time as well as space. over
fbrested lands while maintaining substantial natural
areas, should provide good rcpreseltation of many
developmental conditions (Bormann and Likens
J979) necessary fbr TES insects ard other biota.
An essential component of this strategy is the
provision for expansive. contiguous landscape areas
such as National Parks, game reserves, wildcr-
ness areas. aurdroadless areas that arc largely sub-
ject to natural disturbance proccsses and pattens.
For example, on federal lands most east-side fbr-
ests have set aside various research natural areas
(RNAs) to preserve a rcpresentative samplc ofas
many ofthe naturally occurring plant and associ-
ated aninal communitics as possible. These. as
u'ell as dedicated national recreation iucas (NRAS).
wilderness areas. and roadless areas help to form
a network and mosaic of natural areas Lo help
presen e special, unique, or sensitive habitats within
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a lardscapc of othcr management reginres and
resource uses. The Tenestrial Ecology Assessnent
for the Interior Colurnbia Basin Ecosysten Man
agcmcnt Project (Marcot et al. 1997) also offered
guiding principles to help conserve invertcbratc
biodiversity and ecosvstem functions: (1) provi-
sion ofa diversity ofhabitat composition and struc-
tures. (2) maintenance ofsoil structure and chem-
istry to sustain the soil invefiebrate food web, and
(3) eradication or prevention of the introduction
of exotic organisms.

These general principles of managing fbr habitat
diversity are applicable to all taxa. including in
sects. and nay help prevent other species from
beconing l isted as TES. Howcvcr. the creation
trnd nraintenance of habitat mosaics wil l not be
suflcicnt to ensure the survival of TES insects.
For instancc. such strategies $,i l l  not create the
unique conditions or habitats rcquired by some
TES insccts. such as hot springs tbr the bug, Hebras
baerol. rnd sphagnum bogs lbr the beetle,Agorrizr
belleri.

Chang ng Forest Nlanagement Pract ces

Many forest management practices de!elopcd to
more closely approximate natural disturbances and
to reduce human disturbanccs may well benetit
TES insects, as *ell as tbrest biota in general.
Fur errrnple. neu harresting und .ite prepara
tion machirery such as han'ester forwardels have
features and operating charactedstics that cause
less damrge to soils nd vegetation than some
equipment uscd in thc past. Usc of such equip-
ment may reduce pefiurbations to soil and her-
bivorous insect populations onoradjacent to timber
har\''est sites. Retention ofdown wood and standing
dead trees is essential to the consen ation of wood-
f-eeding insects (Waren and Key l99l), as well
as spccics that usc down or standing dead wood
as shelter, such as thebeerle. Scaphinotus mannu.
Other strategies to protect and conserve duff and
soil-inhabiting lbrest invertebrates, including TES
species, are being developed (Niwa et al. 2001).
Re, .en l  re .e i r r rh  .uFger l .  tha t  lou- in tens i t l  p re
scribed lire has l itt le eftect on oribatid mite spe-
cies richness, diversity, and evenncss in castside
pine forests in Califomia, whereas prescribed fires
ol moderate intensity have a more profound ef-
f .  c t  , ' n  mi tL  rhunda l \ rund\ , 'mmuni t )  \ t ru ( tu re
(Oliver 2000). Thinning timber. applicatjon of other
regeneration systems. and retention of standing
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dead trees may help conserve insects such as the
bug, Hesperot:imex colorzizlensis, whosc avian hosls
are dependent upon adequate nesting rcsources,
such as standing dead and large trees. Thinning,
in conjunction with the distribution of final har-
vest cutting regimes and reserves across forcsts,
could aid species dependcnt upon clearings ald
open arcas, e.g.. the butte\11y, Habrodais grunus
herrl, as well as those requiring mature and old-
growth stirnds. such as the b]utterfly, Mitoura
johnsoni.

Manl of the forest manrgement prrclicc. no\\
mandated for consen'ation of anadromous fishes
nay also help protccl aquatic TES insects, such
as the caddistl),. ApQl.rr14 /ara14. Aquatlc rnsects
are known to be especirLlly sensitive to disrurbances
such as chemical and themal pollution, sediment
loading. removal of coarse woody debds, intro-
ductions of exotic plants and animals, removal
ofsources oforganic input. and disruption of water
llow pattems (Foster 1991, Kar 1996). Limiting
new road construction. decommissioning unused
roads. exercising crosion and sediment control
practicc.. conscn ing riprirn enr inrn.. mi:rintuining
adequate buffers fronl rcsource extraction etlbfis
lnd  pe . t i c ide  app l r ia t ion . .  rnd  mrnrg ing  r ipar -
ian grazing are all intcgral components of llsh
protcction plans (USDA 1995, USDAruSDI 1995).
These practices may also help conserve terrcs-
trir lTES insecls. e.peciallr riprrirn .pccies. e.g..
the beetle, Nebritt gebleri.fragarlae. and those
reliant upon streamside forcsts, such as .t a/ftlrol!.t
t1t4t1t1lt.

Trampling by humans or l ivestock can be
harmful to riparian, water margin, or wetlandTES
species fbund on and in compactable substrates
(Bayfield 1979, Johnson 1979, LaBonte 1995),
utch as Agontun belleri and Hebrus buenoi.Wet
meadow species. such as the buttcrflies. Bolorla
bellona todrli utd Boktria selene atrotostalis.may
also be at risk from such activitics. Insects fbund
along water margins in areas experiencing sum
mer drought may be particularly vulnerable to
abundant activity of l ivestock or ungulate wild-
lite, as may be the case with SLaphinotus mannii
in steppe habitats (LaBonte 1995). Fencing around
aspen clones in wetlands habitat and along streams
traversing grazed meadows has been effective in
protecting declining aspen populations (Shirley
and Erichson 2001) and may have the added
benefit of protecting insects and other species



from tran.rpling damage in these wet habitats. Ri-
parian species living on or in non compactible
substrates, such as cobble or gravel bars, e.g., the
btrg, Boreostolus americants, and Nebria gebleri

frugarirc , ot those found fafiher from water mar-
gins are probably less susceptible to trampling.
However. they may be aflected by human actrvr
ties that increase sediment loading or aftect the
fiequency and magnitude of seasonal floods and
$,ater volumc fluctuations. For instance. although
riparian beetles have adaptations enabling them
to cope with seasonal llooding (LaBonte and
Nelson 1991J). even populations of extremely abun-
dant species can be dramatically reduced by in-
tense. scouring t ' loods (LaBonte. unpublished).
Danming and pemanent inundation can entirely
e l i rn in r te  popu l r t ions  o f  r ip r r i rn  spcc ics .  r .  ap-
pears to be the case with at least one population
ol Scaphilotus rzaniril. Damrning also appears
responsible for thc cxtinction of a tiger beetle
(Carabidae: Cicindelini). Cicindela olunhica
Hatch. along the Columbia River in Oregon and
Washington (LaBonte 1995).

Pcsticides uscd to control or cmdicate tbrest
pests (e.g., insects. diseases, and non-native plants)
have greatpotential lbr hamingTES insects, both
through dircct conlact and by contaminating food.
Insect moftality via eating pesticide-contaminated
fbod has been shown to be much greater than
through residual pesticide contact (e.g.. Thacker
and Hicknan 1990). Riparian species, such as
Nebria gebleri frugariae arTd Boreostolus
tune rit:anus, ate predators or scavengers of emer
gent aquatic insects or those washed up as drift
upon riverbanks (e.g., Hering 1998). These spe-
cies would be at risk from eating insects kil led or
iniured by insecticides and washed downsteam,
as well as from direct exposure to insecticides.
Similar dsks are posed for non riparian preda
tory TES insects, e.g., Agonum belleri 'ar.d the
b:rg, Nabicula subcoleoptrata, as well as herbi-
vores such as the listed butterflies and the plant
bugs. Si.rerol&,! sp. nov. and Pronotocrepis
claviconrl.r. Current bufler requirements 1br pes-
ticide applications near bodies ofwater may pro-
vide adequate protection tbr aquatic and water-
margin insects liom direct or residual contact with
pesticides.

Although microbial pesticides are far less
gcncrally toxic 10 insecls and are thus much bct-
ter alternatives than broad-spectrum chemical

pesticides, they can pose significant risks to TES
and other nontarget insects. For instance, formu-
lations of Bacillla,r /? uringiensis kur.staki,Btk, ire
now commonly used to eradicate or control lepi-
dopteran forest defoliators, such as gypsy moth
(Lymantriidae: Zlnartria dirpar (Linnaeus)) and
western spruce budworm (Totricidae: Cftorlsto
neura occidentalis Freeman). Upon ingcstion, this
bacterium is toxic to a wide array ofbutterfly and
moth laNac (c.g., Reardon et al. 199,1, Wagner
and Miller 1995) and can result in reduced abun
dance and species richness of nontargct Lepi-
doptera fbr at least several years afier applica
t ion  (e .9 . ,  M i l le r  1990) .  tdent i f i ca t ion  and
monitoring ofTES Lepidoptera. and tactics such
as excluding locations of known populations of
these species from spray areas. are probably the
best strategies tbr mitigating impacts of Btk and
similar agents upon these species (e.g.. Anhold
and Whalcy 1996). Such infbrmation was suc-
cessfully used to prevent deleterious effects upon
a population of the endangered Fender's blue
butterfly (Lycaenidae: Icaricia icarcides lbrtderi
Macy) (ONHP 200l), adjacent to a gypsy molh
infestation treated with Btk (Oregon Dept. of
Agriculture 1993).

The increasing use of narrow-spectrum bio-
Iogical pesticides and controls that specifically
tffget forest pest species may go far to reduce ef-
t'ects upon non-target species, including some TES
insects. Douglas fir tussock moth (Lynantriidae:
O rgy ia p s e u do t s u gata McDunnough) infestations
threatening old-growth stands. campgrounds, and
other areas ofconcem (see USDA 2000b) on sev-
eral National Forests in Oregon and Washington
were treated with a biological insecticide derived
from a naturally occurring virus specific to tus-
sock moths (Brookes et al. 1978). No deleterious
effects upon non-target insects within the treat,
ment areas were documented (see Greear 2000).
TES butterflies such as those listed in this paper
could benetit tiom such approaches. Similarly.
semiochemical-based technologies are being used
in management stategies for some spccies of bark
beetles in western forests, such as the Douglas-
fir beetle (Scolytidae. Dendroctonus pseudotsugae
Hopkins) (e.g., Ross and Daterman 1995, 1997).
although these can also affect non{arget bark bcctle
prcdators when attractants are used with mass-
trapping tactics. The use of poison baits and nri-
crobiaf based insecticides to control rangeland
grasshoppers presents little direct threat tojuniper
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lcccling insects, such as the b\tterfl-\, Mitouru
gnneo barni, in stark contrilst to earlier methods
using aerirl sprays of broad spectrum chemical
insecticides. Hou'ever, effects upon rare crickets
or grasshoppcrs should be considered, as rvell as
the potential effects of poison bails upon non-
onhopteran detritivores and herbivores and thosc
lnsects that pre) upon them.

Herbicides applicd for weed control and brush
rcmoval also pose risks to TES insects. The most
obvious threat is to nonophagous or oligopha-
gous herbivorcs whose tbod plants may be killed
or stressed. such as chinqutrpin for Habrc(lais
grunus herri. As rvith pesticides targeted at for-
est inveflebratc pcsts. predatory or scavengingTES
insects may also be at risk fronr residual herbi-
cidc cxposure or ingestion of contaminated prey.
Plants experielcilrg ecological rclcasc. such rs
herbicide resistant wccds. may competit ivelv
cxclude TES insect lbod plarts. such as thc vio-
lets upon rvhich Boloria bell.oni tofuli a\d Boloia
selene ut|otostulis u e dcpcndcnt. Similar to in-
vct1ebrate pesticide applications. potentially dcf
rimental herbicidc applications could be avoided
trnd/or butlered with prior knowledge of TES
.pr r ie .  popu ia l ion  loc r l ion \ .  Sornr  p r r rg res .  i s
being madc in the development of more selective
herbicides, the use of which could pose less risk
1 , ,  T fS  in \e i t  ho . t ' .  Fur lhermore .  in r r . i rc  rcg-
etation thal can competit ivelv exclude TES spe-
cies host plants, such as is cullently the case in
sone Pugct Sound habitats ofthe butterfly P.)1ir.rr
nqrdon (Potter et al. 1999) coLrld bc controlled
by pludent use of sclcctive herbicides.

Direct Protection

Adequate protection for cast-side TES fbrest in-
sccts cannot be achieved solely through the crc-
ation and maintenancc of hnbitat mosaics and
through changing management practices. Direct
protection for many of these species and their
habitals may be a necessary addition to the suite
ofstrategies required 1() sustain their numbers and
improve their habitat conditions.

The ke1'to conserving these species ma)' bc
recognizing. mapping. and protecting their known
andprobrb]e populations or habitats. This approach
wjll also enable land managers and stcwards to
betler honc nranagement practices to aid the sur-
vival and health ofTES insect species. As previ
ously mentioned. broader buffers lbr pcsticides
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or other measures Llsed to control forest pests mav
be necessary where TES insects are known or
suspected to be present. For instance, less-aggrcs
sive dwarf mistletoe control effo s in thc vicin-
ity ofknown Miloirra jolirsoll populations could
be beneficial to these insects, irs well as the other
organisms associated with these plants, especially
those utilizing mistletoe "broonrs" tbr shelter (Bull
et al. 1997). Advance plaDning to mitigate poten
tially deleterious effects ofwildfire. f irc suppres-
sion, orprescribed burns upon TES insects would
be greatly assisted by prior acquisit ion of such
d1t1 3. populirt ion location.. hrbrtdl rcquirenrenl..
and protection and restoration needs (Sheppard
and Farnsworth 1995). It should be cxplicit ly
undcrstood that baseline data for many TES spe-
cies is lacking and that the acquisition thereofmay
requlre extensive research and survey eftbrts.

I t  i .  impon l r r t  to  recogn ize  Iha l  rhe \e  ae l ions
are no guarantee of long-tem viability fbr easC
side TES insects. Isolated populations of such
species may be inherently ephemeral bccause of
demographic or environmental stochasticity. ge-
netic bottlenecks. ctc. (Primack 1993). For instancc.
local extinctions, owing morc to population fluc
luations than to habitat instability, are conrmon
to populations of European carabid beetles, with
local populations rarely surviving norc than 100
years (den Boer 1981. l9E5). This problem is
compounded for thosc species with limited dis-
persal capabilities existing in habitat islands, such
as the fl ightless beetles, Agoil,n belleri and
St up hinotus marn i i, and the buttedlies. lLrlrm./dl.s
grtutus lurri and Polites nardon.

More aclivc management mav be required l'or
such species, such as habitat restoration and cap-
tive breeding. Augnlentation of lbod and neclar
plants, in conjunction with invasive weed con-
trol. have been suggested as neasurcs to aid Puget
Sound populations of Polites nardon (.PotLcr et
al. 1999). Regeneration of some host plants is
stimulated or encouragcd by fire. as in the case
of the coastal butterlly, the Oregon Silverspot,
(Nymphalidae: Spereria T.erene hippohtu
lEd$.rrds\ r rM(Corkle erd. laRO). Houerer.;etire
managcment te create and maintain habitats fbr
TES insects must be approached with caution. lt
seenrs clear that no single habiht management
stralcgy is applicable to all species whose habi-
tats originated fiom a particular natural process.
For instance, open habitat butterfl ies, including



TES spccics. otien responded in species-specific
manners to different management techniques.
including u'i ldf ire, rotational buming. nechani-
cal vegetation cuning, and grazin-e. as $,ell as the
timing. licquency. and duration of these events
(Swengel 1998). The context in which such pro-
cesses took place has also changed, particularly
for TES specics. While the grassland habitats of
P. manlon were presumably at leilst partially
nlaintained by reculrent flres. cufient fuel loads
and habitat fragmentation n1ay now rcnder this
species rulncrablc to fires, particularly those of
great intensity or scale (Potter et al. 1999). The
Mima Mounds Natural Area Preserve (Puget
Sotnd) P. nardon populltion may have been ex
tirpated by escaped controlled bums (R.M. Pvle.
unpublishcd).

In contrast, some endcmic TES insects, such
as thc caddisf'ly, Crl"lttochia xeoscL, llnd Nebriu
gebleri fragttriue may be abundant and secure
within their geographical l imits (e.g.. Betts and
Wisseman 1995). Such taxa are probably most
threatened by large-scale disturbances. such as
global warming. regional pesticide applications,
or catastrophic wildfires or floods. Whilc it is
desirable that land manageni and stewards ffe a\\"are
. r l  en , . je rn ic .  hu t  'ecure .  TES inseet . .  in  mrn l  in -
stances thcsc taxa may not represent urgent con
\er \a l ion  concenr : .  I  hu :c  gcncr r l i / . r l i ( ' n \  i l re  no t
always applicable. as with the steppe populations
of Stttphinotus nanzll. which appear to be small,
isolated. aurd vulnerable to those local disturbances
discussed undcr that species.

Future Needs

EasCside tbrestland managers and stewards face
the difficult task of balancing or rnanaging dis
turbances or changes so the health ofTES insect
species and thc rest of the fbrest biota. including
insects in general. is maintained or improvccl.
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