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This report addresses the functional inportance of coarse
woody debris chewers, factors influencing their abundances, and
their responses to alternative nanagenent scenarios. -This group
is poorly known in the Colunbia River Basin (CRB) area of
concern. In fact, nmost research on this group has addr$§sed
their effects on tinber quality and control nEas¥{es. ew
speci es have sufficient economc inportance in the forest to have
warranted focused research. Factors affecting the diversity,
speci es abundance and ecol ogi cal roles of thi's group have been
addressed only recently as the inportance of woody litter
managenent has focused attention on factorﬁ I nf encing woody
litter persistence and deconposition. Mich of the infornmation in
this report will be inferred fromthe limted nunber of studies
conducted el sewhere, particularly in western Oregon and
Washi ngt on

The community of woody debris chewers is conposed primarily

of xyl ophagous insects in the orders Isoptera (termtes),

Col eoptera (beetles) and Hynenoptera ghorntails and ants), but

i ncl udi ng some sapro%hagous speci es of coleoptera and Diptera
(flies) which contribute to moodx litter deconposition through
feeding on fungi and bacteria. variety of invertebrate
predators al so inhabit deconposing wood but will not be addressed
In this report.

The diversity of species in this functional group is |ikely
highest in late successional, mesic forests where the diversity
of tree species and abundance and diversity of deconposi ng wood
are greatest. This functional group is distributed
geographicaIIY i n areas where coarse woody debris is avail abl e,
l.e., primarily forest and Savannah habitats.

Speci es associ ations are not docunented for the CRB area,
but the comunities of wood chewers are likely to be | ocal
conplex.  Furniss and carolin (1977) provide a conpendi um o
frequently observed species along with notes on biol ogies, host
and habitat associations, regional distributions, and general
abundance or rarity. However, information on fine-scal'e habitat
and geographic distribution needed to predict occurrance at
particular sites is |acking.

AS an exanmple of the difficulty in projectin% speci es
occurrances, a concentrated one-year study of arthropods
associated with coarse wood decompositionat the H.J.Andrews
Experinental Forest in western. Oregon (Parsons et al. 1991,
Parsons and Schowal ter unpubl. data, Schowalter et al. 1992)
produced 154 species of wood-associated insects (including
xyl ophages, saprophages and predat or s). Seventy of these were
new records for this intensively studied site and some (e.g.,
Drosophila montana) represented new associ ations with deconposi ng




wood. In other words, the number Of known wood associates from
this relatively well-studied site was nearly doubled by one
intensive. study. o .
“Surveys of deconposing wood in the CRB area sinmlarly wll
substantially increase the nunbers of species- known fromthis
area and 'from particular habitats. Data' from such surveys WII
be necessary to provide the information on species diversity,
abundances and distributions Necessary to acconplish the goal s of
the Eastside Assessment and Anal ysis. For the ﬁurposes of, this
report, available information on woody debris chewers known to be
distributed in the CRB area.§Furniss and carolin 1977), together
with [imted ecological data fromother regions, will be used to
proj ect regional abundance, distribution, regulatory. factors, and
.functional ":inportance. -The report is organized around the nine
speci es criteria request ed. 5

1. Species. of special concern

None: of the listed Species of wgpecialconcern'!- were members
of this functional group. This does not nean that no woody
debris chewers are sensitive to environmental changes Of -.
threatened by, anthropogenic activity. In fact, many species in
this functional group will be threatened by silvicultura
alternatives that reduce the size or availability of coarse woody
debris. Current information is inadequate to assess Current
popul ation viabilities for many of these species.

~Species that could be' considered bicindicators or "keystone"
3ﬁe0|es i nclude many of the "secondary" bark beetles (i.e., those
that colonize only dead or dying trees); anbrosia beetles: other
wood boring beetles and wasps: termtes: and carpenter ants. The
I nportance, habitat associations, distributions, functional
roles, sensitivity to disturbance, and popul ation trends for
these species are discussed bel ow.

Maj or speci es of secondary bark beetles.probably OcCcur where
their hosts occur throughout the crReB area.. TﬁEse beet| es nay be
useful indicators of the rate of woody 1itter. generation because
of their restricted occurrence in'the phloem (inner bark) of
freshly dead or dying trees of particular'species or related
speci es and of-sufficient size and noisture-content for- beetle
.reproduction. For exanple, the.different Phloeosinus spp. occur
i n particular nmenbers of the cypress fam |y, Drvocoetes Spp.
Brinaril col oni ze Abies spp. and Picea spp.:. species Of -.

seudohvl esi nus and Scol vt us col oni Zzé€ various.conifer Speci es.
Trees becone unsuitable for initial colonization or
recol oni zati on one year after death because of rapid phl oem
drying and deterioration. Hence,. these.insects are sensitive to
di sturbances or other processes that affect the continuous
availability.of freshly dead trees of the suitable species over
di stances that can be reached by beetles dispersing from
population sources (e.g., Raffa et al. 1993). However,
_population trends have not been studied for these/non-

econom cally inportant bark beetles.




Secondary bark beetles (also primary, or tree-killing, bark
beet| es) act as keystone species by a) penetrating the bark of
freshly dead trees and inoculating wood with, and providing
access to, saprophytic mcroorganisns, and b) providing
attractive aerosols, habitats and/or resources for other
invertebrates (such as fungivores and termtes) thereby
accel erating deconposition (Schowalter ﬁt al. 1992, Steﬁhen t
al. 1993). ~Saprophytic microorgani sms have no neans other than
insecttunnel s of col oni zing wood resources. Hence,
dgcomposition woul d be substantially delayed if insects were
absent .

Anbr osi a beetles, includin ELaLMpu%_wilsoni. Pl at ypodi dae),
Trvoodendron_ spp., Ghathotrichug spp. an leeborég saf@%enl )
(Scol ytidae), initiate penetration of sapwood and inocul ate

alleries with a-variet¥ of associated fungi, nobst of which
ecome inportant only after the beetles emerge from the log.
These beetles inoculate galleries with nutualistic fungi
(Anbrosiella spp.) which the beetles cultivate (by renoving other
conpeting fungi) and eat. Studies of these insects in wesfern
Oregon (Schowalter et al. 1992, Zhong and Schowal ter 1989)
indicated that these insects regulate the initial decomposer
assenbl age in the sapwood and thereby affect initial
deconposition patterns.

These insects are widely distributed (although Platvpus is
rare) in the CRB area (Furniss and carolin 1977),  Various
speci es show preferences for different tree species. For exanple
T. retusus col oni zes aspen and popl ars, whereas T. Lineatum
col oni zes conifers (Furniss and carolin 1977), although Zhong and
Schowal ter (1989) found that this species did not cofloni'ze
Pacific silver fir or western redcedar |l 0gs intermxed wth
Dougl as-fir and western hem ock logs. asWth bark beetles,
woody debris typically is suitable for anbrosia beetles for only
one year after tree death (unless wood remains suitably moist,
Schowal ter et al. unpubl . ata?, making these insects sensitive
to the tenporal availability of this restricted resource.

Vari ous other wood boring beetles (Col eoptera: Buprestidae
and Ceranbyci dae) and wood wasps (Hynenoptera: Siricidae) show
preferences for particular tree species, for different
deconposition stages, and for different woody debris substrates
(phl oem sapwood or heartwood). These species also are sensitive
to di sturbances that create woody litter resources and are
adapted to detecting these resources over |ong distances, e.g.
several mles. In fact, sone wood wasps (Sirex, lracerus an
Xeris spp.) and sonme buprestids (Melanophila Spp.) are known to
orient upwi nd toward sources of snoke or bark beetle pheronones
and lay eggs in freshlx-killed often still-snoul dering, trees.
(Furniss and Carolin 1977, Schowal t er 1985) . However, population
trends for these species are unknown.

Ergates sojculatus is a particularly large nenber of this.
subgroup (one of the largest North Anerican beetles). Large size

and apparent preference for freshly dead (especially fire- or
beetle-killed) standing trees make this species('and the rel ated




Prionus californicus) a potential bioindicator O forest
conditions, specifically the availabilitﬁ of this resource,

Met hods for assessing population trends have not been devel oped
but this insect frequently is attracted to |ights and coul d be
monitored using light trapping. This species also nmight be

consi dered a keystone to the extent that its boring at the base
of dead standing trees (prinarily ponderosa ‘pine and Dougl as-fir)
hastens treefall gFurnlss and ‘carolin 1977) and wood avallability
to the majority of xylophagous- and saprophagous Or gani sns that
require noi st wood in contact with the ground. Its role in
toppling standing dead trees al so reduces fire hazard (Furniss
and carolin 1977).

Termtes act as keystone species by excavating IarPe
nitrogen-rich (through synbiotic nitrogen fixation) galleries in
wood, increasing wood aerati on and surface area exposed to

deconposers, thereb¥ facilitating decomposition and enriching
surrounding soils often inpoverished in terms of nitrogen
(Slaytor and Chappel |l 1994, salick et al. 1983, waller et al.
1989).  Principal species in the crB area 'include Zootermoposis
nevadensi s (danpwood termte)-and Reticulitermes tibralis
(aridland subterranean termte), both distributed throughout the
CRB area.  Zootermposis is associated primarily with mesic
forests, whereas Reticuliternmes occupies drier habitats. -Both
woul d be sensitive indicators of the availability of coarse wood
at advanced-stages of deconposition. Population trends are
unknown but neasureable through surveys of woody debris.

Carpenter ants (Canponotus spp.)al so excavate |arge
galleries in wood and 1ncrease wood aeration and surface area
exposed to deconposers. |n addition, carpenter ants are rmmjor
regul ators of- canopy communities (through tending of aphids and
predation on defoliators) and are major resources for
woodpeckers, including the pileated woodpecker (Torgersen and
Bull, unpubl . data) .

Various Cammonotus spp. are distributed throughout the CRB
area, usually in relatively dry wood. Torgersen and Bul
(unpubl . data) found that carpenter ants were associated
primarily with the |argest bole diameters, with Larix (which
conprised nost of the larger logs), and with internediate
deconposi tion StageS,_perhaPs avoi ding vulnerability to
woodpecker predation in smaller or nore decayed wood. -Popul ation
trends are unknown but could be nonitored using relatively simple
survey techni ques. .

Termtes and carpenter ants al so provide the social
structure that supports diverse assenbl ages of term tophilous and
mymecophilous invertebrate species. Many of these invertebrates
are highly specialized to mmc their hosts and intercept food
shared among colony nenbers (trophallaxis). Clearly, these
Sﬁ?CIeS are sensitive to the abundance of the host termtes or
ants.

Various fungivores and predators also depend On the
abundance of coarse woody litter chewers either for access to
m crobi al -resources in wood or for their'insect hosts. The

A
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di stinction between coarse woody debris chewers and fungivores is
weak because-many xyl ophages depend on fungal preconditloﬂ ng of
wood for adequate nutrition, and-some fungivores consume degraded
wood i nfused with the fungal resource.

2-5. - Major cover types for this-area are:
a. | nterior ponderosa pine

Lodgepol e pine :
. Interior Douglas-fir
. Wite fir

Gand fir

West ern- redcedar-western henl ock
Engl emann spruce-subal pine fir
Western | arch

Aspen

o P00 S

Virtually nothing is known about particul ar associations
bet ween coarse woody debris chewers and vegetation types,

successi onal stages, or stand structures. However, ‘in general,
these insects will be nore abundant where coarse woody litter is
more avail abl e. | ndi vi dual insect species discrimnate anong

ine, Douglas-fir, true fir, western redcedar, western hem ock,
arch, juniper, and hardwood hosts (Furniss and carolin 1977,
Zhong and Schowal ter 1989) and anong size and/or decay classes of
woody debris (Furniss and carolin 1977, Torgersen and Bull
unpubl . data) and woul d be absent where their preferred hosts
wer e absent.

Avai | abl e data are insufficient to support construction of
nodel s describing interactive effects of environnental factors on
representative species and their functional roles for each
habitat condition. -Key environnental variables include wood
abundance: tenperature and noi sture: species, size and decay
class: proximty to insect population sources: and factors (such
as wind and canopy opening) that affect chem cal aerosol
di spersion and insect detection of woody litter resources.
However, no data are available even to indicate required anmounts
of woody debris per acre, although:all of these -insects are
responsive to anounts of dead wood avail able (Schowal ter 1985)
and sonme have nechanisns that lint their density in available
resources (Raffa et al. 1993). Therefore, a general nodel for
the kev_insect groups identified above seens nore appropriate,
especially sincethe responses and roles Of these insect groups
(and representative species) likely are simlar anong habitat

types.

Secondary Bark Beetles and Ambrosia Beetles

Maj or environmental factors affecting both groups are a)
wood availability and distribution, b) tenperature and noisture,
c) wood age and d) chemstry. Abundance and distribution of
woody debris is inportant to naintaining Populat|pns of these
Insects, but some species persist during |ong periods when only



very scattered dyin? trees are available. Bark and anbrosia
beetles are particularly sensitive to the tinme since tree death
such that only the subset of woody litter that is within one year
after tree death is available. These insects maximze
col oni zation efficiency by producing pheronones that attract con-
specific individuals wthin an attractive pheromone plunme, the
si ze of which is governed by forest canopy structure and w nd
speed and direction. Pheronone plumes extend farther under
.closed canopy conditions. Lethal tenperatures for bark beetles
often are reached under bark on the tops and exposed sides of
woody debris under open canopies. Misture loss results in
desiccation of |arvae and synmbiotic mcrobes often necessary to
enhance wood nutritional value (especially for anbrosia beetles)
(Raffa et al. 1993). Misture loss may be the critica
environnmental factor that restricts these insects to freshly dead
woody debris. Size of wood is inportant in regulating interna
tenperature and noisture (larger size classes buffer tenperature
and noi sture fluctuation% and t he thickness of phloem and sapwood
substrates (larger bark beetles require thicker phloem for
devel opnent). 'Bark and wood chemistry is inportant in
determning colonization patterns. These insects require both
feeding stimulants and non-detrimental concentrations of plant
dequbgf conpounds, such as phenolics and terpenoids (Raffa et’
al . :

Maj or functional roles include a) bark penetration
permtting entry by other organisns (Stephen et al. 1993), b)
direct inoculation of woody debris with saprophytic m crobes,
Berhaps i ncluding inoculation with nitrogen-fixing bacteria by

ark beetles (Bridges 1981, Schowalter et al. 1992), c) providing
food for a variety of predators, especially woodpeckers (Stephen
gt al . 1993). Their presence indicates freshly dead woody
‘debris.

Wod Boring Beetles and Wasps

These insects m ne sapwood and heartwood of dying and dead,
often fire- or beetle-killed, trees. Life cycles often require
several years (usually 3-10) in this nutritionally-poor resource,
even when aided by synbiotic mcroorgani sns (Furniss and carolin
1977, Schowal ter 1985). ~ Major environmental factors influencing
these insects include a) wood availability, b) chemstry, c)
moi sture, and d) persistence. Not all woody litter is equally
available to these insects. Some show preferences for particul ar
tree species (zhong and Schowal ter 1989) or decay cl asses
(Furniss and carolin 1977), perhaps reflecting chemcal
condi tions of wood. Wod chenistry includes concentrations of
essential nutrients, often linmted in woody tissues, and toxic or
detrinmental defensive conpounds such as phenolic and terpencid
conmpounds, typically concentrated in heartwood (Schowalter et al.
1992). Wbod noisture affects insect survival directly as well as
indirectly through effects on synbiotic mcroorgani sns that

enhance wood nutritional quality. Wod gersistence 'S necessary
to ensure conpl ete devel opnent of the insect during Its multi-



year life cycle. Tree size will affect persistence as well as
extent of Heartwood devel opment. Predation by birds and bears or
ot her grub-feeding vertebrates capabl e of excavating woody litter
may bF a locally inportant factor affecting abundance of these

i nsects.

The nmajor roles of these insects include a) toppling
standing dead trees, b) increasing wood porosity, aeration and
wat er - hol ding capacity, c¢) reducing fire hazard through water
retention and accel erated fragnmentation, and d) providing food
for wildlife ranging frombirds to bears

Termi tes

Maj or factors affecting termtes include a) woody litter
availability;' b) prior fungal conditioning, c¢) wood noisture, and
perhaps d) prior entry by beetles. Reproductive kings and queens
tyPica!Iy are found initially in bark beetle galleries, gradually
enl arging feeding areas and galleries as fungi pervade the wood,
softening it and increasing its. nutritional value (Schowalter et
al. 1992). -Fungal preconditioning may be essential for
nutritional enhancenment and alters chemcal factors that affect
termte feeding preferences (Hendee 1'935, Snythe et_al. 1967,
Mankowski, Schowal ter and Morrell unpubl. data). ermtes also
host gut synbionts that are responsible for cellul ose digestion
and nitrogen fixation (Slaytor and Chappel|l 1994, Walier et al.

1989) . od noisture Is critical to survival both the soft
bodied termtes and the saprophytic fungi that pronote termte
activity. 'Subterranean-termtes in the nore arid regions often

build earthern tubes connecting woody debris to noister
substrates (Furniss and carolin 1977).

Termites performa variety of functional roles, 'including a)
provi di ng nitrogen- and other "nutrient-rich "hot spots" around
col oni es (salick et al. 1983, Schaefer and whitford 1981,
Qutierrez and whitford 1989), b) increasing wood porosity,
aeration and noisture retention, c% providing nutrient-rich food
for wildlife, including birds and bears, and d) providi ng colony
conditions that support a variety of termtophilic arthropods.

Carpenter Ants

Factors affecting carpenter ant abundance include a) wood
availability b) decay class, c) tree species, d) size of woody
debris, and” e) predation, especially by pileated woodpeckers
(Torgersen and Bull unpubl. data). ~No data are available on the
amount of wood needed to support m nimal po?ulations, but
Torgersen and Bull (unpubl. data) reported that woody debris >2 m
long and >15 cmin dianmeter amounted to 290 | ogs or 110 m’/ha.
Carpenter ants occurred in [o-15% of these logs, primarily in
| arger size classes and western larch. Carpenter ants were nost
abundant in intermedi ate decay cl asses, perhaps because col ony.
devel opnent progresses with decay and is limted by predat%on In
the nost decayed wood (Torgersen and Bul |l unpubl. data). ree

sBeci s and size of woody debris may be correlated: Torgersen and
Bul | ?unpub. data) found that apparent preference for [larch wood




was correlated with the |arger average size of |arch snags and
logs. Size of wood may be related to predation. Colonies in
| arger sized woody debris may be better protected from predators.
~Carpenter ants perform several inportant roles, including a)
nutrient enrichment of colony logs, b) tending aphids, especially
dnara spp., c) £reyjng on canopy_defoliators,_such as western
spruce budworm, d) girdling seedlings, e) providing food for
ﬁlleated woodpeckers and other wildlife, and f) providing col ony
abitats for a variety of myrmecophilic arthropods (Furniss and
Carolin 1977, Canpbell and Torgersen 1982,' Torgersen and Bul
unpubl . data).

6.  Bi ogeography _ . : , : .
Little is known about the distribution of species in this
group. No surveys of diversity are available. Gven the genera
habitat requirenents of this functional group, diversity would be
hi ghest where tree species diversity and avallability and decay

class diversity of coarse woody debris are highest, i.e., in old-
a?ed m xed conifer forests. Federal lands, with their relatively
ol der forest age classes and larger trees, likely contribute

significantly to abundance and diversity of this group. The
maj or forested zones on the east side of the cascade Muntains,
the Blue Muntains and the Rocky Muntains probably support the
majority of species. However, coarse woody debris in the
internountain area probably supports some nore specialized
species, especially those adapted to the particular wood
chemstry of junipers or |arge woody shrubs and/or to nore arid
conditions. Mesic forests may be too wet for sone species
characterizing nore open pine forests.

Sonme species characterizing particular tree species or older
decaK classes are likely to be restricted to scattered |andscape
patches where these tree species and decay classes occur. Many
species rely on chemcal odors carried on the air streamto
| ocate suitable wood resources. Species that orient toward
sources of smoke may |ocate host resources in burned over forest
but some insect species will fail to detect chem cal cues carried
out of the forest by convection currents in intervening cleared
or disturbed patches. Current know edge about the species in
this group indicates that individual species will not be
distributed evenly anong avail able habitat units but woul d spread
across the | andscape fromrefuges during favorable periods, then
be restricted to scattered refuges, perhaps different from the
previous refuges, during unfavorable periods. This shifting
di stribution of population centers requires a |andscape
perspective and al |l owance for sufficient habitat availability
over |andscapes to provi de adequate refuges for naintenance of
vi abl e popul ati ons.

7. Special Habitats
No special underrepresented or disappearing habitats are

known for this group. However, ' i
assenbl ages of %thé? func??%nal B?Bhbgtfikg 9 %BBP%rLuBSé%%e
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critical assemblages of coarse woody debris chewers as well.

8.  Responses to Managenent Alternatives

NO specific alternatives were provided for assessnent.
However, any alternative that affects the a) abundance, b).tree
species, C) size class distribution, or d) decay class
representation of.woody litter will affect the abundances and
diversity of woody |itfer chewers. Exanples include renoval of
woody material through harvest, salvage or burning: afteration of
tree species (and wood) representation through selective harvest
or plantation forestry; and nore frequent harvest or burning
resulting in | o0ss of wood in the larger size classes and ol der
decay cl asses.

Many woody litter chewers are associated with |ate
successional firs that now are abundant in the understory of
forests historically dom nated by open pine woodl and as a result
of fire suppression. These insect species would not have
occurred naturally in ﬁine stands but have naturally-o curring
Egpulaﬁion sources at higher elevations and in west-side forests.

eduction of these and other groups pronoted by. recent changes in,
forest condition may result fromrestoration of natural forest
ecosystens. However, such restoration should pronote woody
litter chewer popul ations that have been reduced by changes from
natural forest conditions.
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