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| NTRODUCTI ON

Many ecol ogi sts such as Ricklefs (1983) have enphasized the
| nportance of structural conplexity and biotic diversity In
maintaining the health and stability of natural ecosystems. For
exanple, forests In western North Anerica are not honmogeneous tree
pPlantations equivalent to agricultural corn or wheat flelds. At
the structural |evel, topographic features of east, west, north,
and south slopes provide nmajor environmental gradients of
temperature and noisture, Mesic Or hydric habitats dissect the
forest with riparian gallery conmmnities along small streans to
largerivers, Interdispersed with ratural marshes, bogs, and | akes.
Xeric habitats also dissect the forest with open neadows, matural

pralirie balds, barren rocky ridgetops.and cliffs, and rocky tal us
slopes. Different seral stages In forest succession also contribute
to this conplexity.

Structural complexity | S directly responsibl e for supporting
bilotic diversity. Species diversity at all trophlc levels of an
ecosystems food chain provides ultinmate stability and equilibrium
to the system The nore 'species that an ecosystem can support
through Intricate and Interweaving food webs, the greater 1its
inherent stability. By contrast, sinple, |inear food chains
involving only a few species are very unstable, and typically

oscillate between popul ation explosions and crashes that are



determned by sinple density dependent-I|ndependent processes as
di scussed by Berryman et al. (1987).
An exanple ofa sinple, linear food chain Is a dense

monocul ture stand of Douglas fir {Pseudotsugza menziesii), the

Dougl as-fir tussock moth (orgyia pseudotsugata) and western spruce

budworm (Choristoneura occidentalis), and what few predators and

parasitoids specialize on these defoliating herbivores. Canpbel
(1993) concl uded that generalist predators may be nost |nportant

in controlling such herbivores outside of epidemic outbreaks.

The Inportant point to consider |s that such generalist predators
are not generally supported within an ecosystem by a 'single. species
of plant (I.e. Douglas fir) as prinmary producer for the system

The trophlc levels of all matural ecosystems are ultimtely
based upon the plants as primary producers, which are eaten by
herbivores as prinmary consuners, which In turn are eaten by
predators as second and third order consuners, A high species
diversity of plants supports a high diversity of herbivores, which
In turn supports simlar diversity anong generalist predators.

In terrestrial ecosystens, Insects function as planktonic-
type organi snms, the equivalent of zooplankton In marine systens.
Lepidoptera (butterflies and noths) are the primary defoliating
herbivores In forest ecosystems, converting plant bionass into

ani mal biomass, and making It available to higher trophic |evels

In the food chain (Stanp & Casey, 1993).



Lepl doptera are also Inportant In grassland systens, but
share the defoliating role with grasshoppers (orthoptera) and
herbi vorous manmmals. of the insects, Lepidoptera are primarily
active In spring and early summer, while Orthoptera becone
dom nant defoliating herbivores In md to |ate sumer.

Anot her Inportant point |Is that most Lepldoptera are highly
monophagous, and feed exclusively upon-a single type of plant.
This 1s also true of many grasshopper species. Consequently, the
more plant species that an ecosystem cam support will be reflected
by more herbivore and predator species at higher trophic |evels.

Smal | vertebrates such as passerine birds, rodents, shrews,
and bats are particularly dependent upon Insects for a dietary
protein source when rearing their young In spring and early
sunmer (Welty, 1975). . For exanple, Graber & Graber (1983) found
that mgratory passerine birds such as warblers are Largely
dependent upon Lepidoptera | arvae as a food source, and consune
l.2-1,7 times their own-weight In larvae per day. Likew se, the
bi g-eared vats of the gemus Plecotus are known to feed primarily
on large adult moths (Wltaker, Maser & Keller, 1977).

These first order predators then becone food thenselves for
second order predators- such as hawks, ow's, coyotes, and bobcats.

A good exanple I's the northern spotted oW (Strix occidentalis),

~which feeds primarily upon the northern-flying squirrel (Glaucomys

sabrinus), which In turn is highly Insectivorous in feeding upon
Lepidoptera. | arvae, beetles, and other | nsects (Forsman, Meslow

& Wight, 1984; Larrison, 1976).




Consi derabl e progress has recently been achieved towards
understanding the rich species diversity at all of these trophlc
levels within western coniferous forest ecosystens. Mich of this
work |Is the result of collaboration between the U S. Forest Service
(Pacific Northwest Research station) and Oregon State University.
The H.J. Andrews Experimental FOrest (HJA) on the Willamette
National Forest has been the site for nuch of this research
For exanple, Franklin & Dyrness (1971) listed 475 species of
vascular plants on the ®JA outside of Introduced conifer
plantations, Including 21 species of sporophytes, 16 species of
conifers, 58 species of woody angi osperns, and 380 species of
herbs and grasses. The Inportant point Is that 92% of forest
plant diversity consists of angiosperns, while only 3% consists
of conifers.

Li kewi se, Parsons et al. (1991) listed 3402 species of
arthropods on the gra, Including 492 species of butterflies and
mths. O these defoliating herbivores, 90% feed on angi osperns
and only 10% feed on conifers. This IS only |l ogical considering
the above plant species diversity.. In other words, It Is the
angi osperns that largely support species diversity In forest
ecosystem food chains with respect to defoliating herbivores,
while conifers are of very 1ittle significance. The latter are
of nore Inportance to those portions of the food chain Involved

with wood deconposition.



This diversity of defoliating herbivores, that |s supported
by the diversity of angiosperns, IS in turn supporting a rich
diversity of generalist predators, Including arthropod predators
and parasltolds, passerine birds, bats, rodents, and other small
mamals.  The U.S. Forest Service (1991) found about 100 species
of small vertebrates In the Cascade Range that may directly
consune lepidopteran | arvae, pupae, or adults, or may Indirectly
consune Lepidoptera as seoondary predators. These Included 70
species of birds, 20 species of Insectivores and rodents, and 12
species of Insectivorous bats.

Forests in the Blue Muntains of eastern Oregon show simlar
blodiversity. Grimble, Beckwith & Hammond (1992) conducted a
conprehensive survey of the Lepldoptera fauna on the Umatilla and
Wwallowa-Whitman National Forests, and found 438 species of
butterflies and noths, nearly as many as on the BJA. Moreover
90% of these species feed on angiosperms and only 10% use conifers
as a food source, again as on the HJA. of the angi osperm
foodplants, about 50¢ of Lepidoptera feed on hardwood shrubs and
trees, and 508 use herbs and grasses.

Less | S kxnown about Lepidoptera diversity In western
rangelands, but 302 species of butterflies and noths have been
recorded fromthe sem -desert rangelands of southeastern O egon

in Harney County.



EFFECTS OF LAND MANAGEMENT PrACTICES ON ECOSYSTEM BIODIVERSITY

As discussed above, complex blodiversitywithinlntricate
food webs confers stability and equilibrium te the overal
ecosystem and this diversity |s based upon angi osperm plants:
not conifers. By contrast, monoculture conifer forests that
| argely exclude angiosperns are lacking In such diversity, and
are particularly vulnerable to epidemc explosions of defoliating
Insects as a consequence. Mich the same |s true of prairies and
rangelands that have |ost nmost of their plant diversity through
overgrazing by domestic |ivestock: Wth the'loss of plant and
herbivore diversity, the diversity of generalist predators that
normal [y control potential Insect pests is also |ost.

Li vestock overgrazing has been ldentified as a primry factor
behind the loss of plant diversity (herbs and grasses) In both
forest and rangeland systems. For exanple, Hammond & McCorkle
(1983) found a rich diversity of plants and butterflies on pristine
bunchgrassprairie, while adjacent grazed rangeland separated by
a fence had almst no plants or butterflies. The fritillary
butterflies of the genus speyeria and their larval foodpl ants of
the genus viola are particularly sensitive bloindicators of such
di sturbance, and often become extinct In heavily overgrazed areas
(Hammond & McCorkle, 1983).

Wth the elimimation Of native bunchgrasses and herbaceous

plants from rangelands, exotic weeds often invade and replace the



natives, Including cheat grass (Bromus tectorun), kmapweeds

(Centaureaspp.), and |eafy spurge (Euphorbla esula). In addition,
vast areas of degraded rangelamds throughout the western United
States have been artificially planted with nonocul ture stands of

exotic crested wheatgrass (Agropyron cristatum) to | nprove
l'ivestock forage and prevent soil erosion. Unfortunately, nost

mative Insects are unable to feed on exotic plant species, and

are not able to survive In these degraded grasslands, with the
exception of a few Melanoplus Qrasshopper species that often
produce epidem c popul ation explosions In the absence of nost
predators. Such epidemcs have frequently required mssive
pesticide spray programs for control. However, nost insects anong
t he Lepidoptera, Orthoptera, Hymenoptera, and Coleoptera that are
so diverse on pristine bunchgrass prairie are conspicuously absent
from degraded, overgrazed rangelands overgrown with exotic weeds.

BY contrast, Melanoolus grasshoppers are usually scarce or absent

from pristine bunchgrass prairie.
Overgrazing by domestic |ivestock may al SO be a significant

factor behind epidemc explosions of western spruce budworm and
Dougl as-fir tussock moth In coniferous forests. Canpbell &
Torgersen (1983) ldentified generalist predators such as ants and
passerine birds as major consumers of budworms. These predators
are largely dependent upon angi osperns and. their associ ated
herbivores as a food source when conifer feeders are at low

numbers. If livestock elimnate nost of the angiosperns (herbs



and grasses) fromthe forest floor, and their defoliating herbivores
as a consequence, the generalist predators will also be |ost

because of a lack of food sources. In turn, with the loss of
general ist predators from the ecosystem conifer feeders such as
spruce budworms and tussock nmoths are free to Increase their
populations t 0 epi dem c proportions.

Anot her factor behind the | 0ss of biodiversity | n western
coniferous forests has been the control of fire during the past
50 years. Periodic ground fires keep the forest'floor open wth
plenty of light to encourage the growth of angiosperns |ncluding
her bs, grasses, and shrubs, which In turn support the herbivores
and generalist predators. 1In the absence of such fires, very
dense stands of young fir and pine trees becone established and
shade out the angiospernms. The forest floor underneath such’
dense stands retain very few grasses or herbaceous plants. Again,
with the | 0Ss of general herbivores and predators as a consequence,
conifer feeding species are free to expand into epi dem cs.

There are several mamgement techniques that may be suggested
tbh address the problens with angiosperm diversity described above,
The forest problens caused by eliminmation Of fire could be
rectified In tw ways. First, controlled ground fires woul d
duplicate the effects of the original, natural fire history In
opening up the forest floor for herb-grass growth. second,

sel ective thinning of over-stocked conifer stands would also help

open the forest for nore angi osperm grow h.




There I's also a sinple suggestion to address the destructive
| npact of domestic l|ivestock grazing on native grassland plants.
Most mative herbs and bunchgrasses produce their growth In spring
and early summer, and go Into senescence by the middle of July.
The pl ants are primarily vulnerable to livestock grazing during
their spring to early summer growh period. |f nost grazing were
del ayed until md-July, [ivestock would have a much | ower
destructive Inpact upon the native vegetation. \Wile nid to late
season forage Is far less nutritious for |ivestock than the spring
forage, delaying grazing until md-sunmer does offer a conprom se
sol ution for having rich blodiversity | n native plant communities

together with a domestic |ivestock grazing program
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ECOSYSTEM MONI TORI NG PROGRAM

The follow ng nonitoring program Is designed to assess
ecosystem diversity and conplexity In both forest and rangeland
communities as a neasure of ecosystem health. Plants should be
monitored as primary producers for the system Butterflies were
chosen to serve as bioindicators Of the defoliating herbivores
because they are visually conspicuous and easy to observe in the
field.

This monitoring program Is designed to be easy, fast, and
economcal to apply with a mninum of outside assistance or
expertise. Even with a shortage of funds and available personnel,
| and managenent agencies will still be able to conduct considerable
habitat nonitoring with minimal |nvestment'In time and noney.

Because this program|s designed for simplicity, it is not Set up

for rigorous scientific research, although with proper qualifications,
the data could be applied to sonme research studies. For exanple
replicated plots for statistical COnparisons are not part of this
moni toring program because of the labor and tine required for such
work.  Nevertheless, this program will still be able to assess the
presence or absence of major foodplant groups and their associated
herbivores, and to conpare the relative frequency of these organisms

t hrough time and anong vari ouS mamagement areas.
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Monitoring can be done for only a single year If the purpose

IS to sinply assess habitat quality within a mamagement area at a

single point In tine. This night be done as part of a resource
mappi ng project In conjunction with |ong-term managenent planning.

However, plots and transects should be established on a nore
pernmanent basis In order to assess the effects of |and maregement
practices through tinme.

In the future, there will likely be major efforts to restore
and renovat e badly degraded rangelands and forests by replanting
t he mative bunchgrasses and herbaceous pl ants that have been | oSt
fromthe ecosystem The followi ng nonitoring programcan also be
used to assess the success of such restoration efforts,

A total of 11 major plant-groups and 12 major butterfly groups
will be nonitored as bioindicators of ecosystemhealth In this
program  Healthy ecosystems usually support representatives of
about 8 maj or plant groups and 10 major butterfly groups. BY
contrast, the nost degraded environnents will have virtually none
of these plants and butterflies, and badly degraded habitats will

“only support 2-4 groups of these organisns (see follow ng section

on butterfly-plant groups within habitat types).



BIOINDICATOR MONI TORI NG PROGRAM--PLANTS

As discussed above, the basic foundation of any ecosystem
Is the plant community as prinmary producers for the system without
the plants, higher trophic levels such as defoliating herbivores,
first order predators', and second order predators can not exist.
Most plant diversity consists of angiosperns (herbs, grasses,
shrubs).  Therefore, a blolndlcator nonitoring program needs to
monitor the diversity of the plant community. A healthy plant
comunity In either grassland or open forest ecosystens consists

of the following dietary food groups for defoliating herbivores

in the western United States.

G asses (Gramineae)
The nost Inportant and w despread mative bunchgrasses In the

Pacific Northwest are needl e-and thread grass (Stipa comata),

bl uebunch wheat grass (Agropyron spicatum), | daho fescue grass
(Festuca | dahoens| s) , and sandberg bl uegrass (Poa sandbergii).

'O her mative grasses are also locally Inportant In special habitats.

Violets (Violaceae)
There |Is usually at |east one species of Viola In nost

western plant communities, Including hydric, mesic, and xeric
habitats'. Because violets are delicate plants, they are
particularly Ssensitive bioindicators of ecosystemhealth as

di scussed by Hammond & McCorkle (1983).
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Must ards (Cruciferae)
Many species of nustards are found In a wde diversity of

hydric, mesl ¢, and xerlc plant comunities, including Streptanthus,

Arabis, Sisymbrium, Dentaria, and Cardamine SPeci es.

Buckwheat s (Polygonaceae)
A great diversity of buckwheat species (Eriogonum Spp.) are

found In western plant communities, and are often anong the nore

dom nant of the herbaceous plants.

Umbellifers (Umbelliferae)
Members of the carrot famly or umbelllfers are another

I mport ant herbaceous group i n nbst plant comunities. The desert
parsleys (Lomatium Spp.) and close relatives are domnant on dry

prairies and in other xerlc habitats. ' Ligusticum and Angelica

species are often Inportant in neslc, nontane conmunities.

Legumes (Leguni nosae)
The legunes are among the nmost inportant herbs in all plant

communities because of their nitrogen-fixing capabilities. The

| upines (Luplnus spp.) and mlk vetches (Astragalus spp.) are the
most conmon and W despread of the legumes. In forest and meslc-
nmeadow habitats, thepeas (Iathyrus spp.) and clovers (Trifolium

spp.) are also Inportant.
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Scrophs (Scrophulariaceae)
Scrophs or flgworts constitute another major group of herbs

in nost western plant comunities. The nost common and wi despread

'genera are the penstenons (Penstemon SPp.) and paintbrushes

(Castllleja spp.).

Lilys | aceae)

Lilys are usually herbs of ninor Inportance in nost plant
communities, but may Still be useful as bioindicators. The
mar | posa 1ilies (Cal ochortus spp.) are the nost promnent of these

her bs.

Composites ( Composl t ae)
The conposites are always abundant arid Inportant herbs in

nearly all plant comunities. of particular Interest are the

asters (Aster spp.), fleabanes (Erigeron Spp.), native thistles
(Cirsium Spp.), balsam r00tS (Balsamorhiza SPP.), and mules ears

(spp.) da

Nettles (Urticaceae)
Nettl es (Urtica spp.) are common bl ol ndl cators of neslc
riparian habitats, and support a wide diversity of defoliating

herbivores in marshes, bogs, | ake edges, and al ong streans.

Shrubs and Small Trees
Wbody angi osperns are the other major class of foodplants for

defoliating herbivores. These are found in all plant communities
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ranging fromxerlc desert to hydric riparian habitats. The nost
i nportant include the sages (Artenisla spp.), rabbit brush
(ChrysothamnusSpp.), bitter brush (Purshla tridentata), currents

(Ribes spp.), snow brush (Ceanothus spp.), cherries (Prunus sppe.).
willows (Salix spp.), poplars (Pooulus Spp.), alders (AlLns_spp.),
birches (Betula spp.), maples (Acer spp.), nountain mahogany

(Cercocarpusspp.), and various other nembers of the rose family

(Rosaceae) and heath fam |y (Ericaceae) Including the huckleberries

(Vaccinium spp.) and manzanitas (Arctostaphyl os spp.).

A monitoring program for the plant comunity should serve two
purposes. First, it should conpare the diversity and productivity
of the commnity anong different sites with different physica
aspects and mamgement histories. Second, nonitoring should track
the response of vegetation at a specific site through time In
order to assess the effectiveness of various manegement prograns.

To acconplish these two objectives, it is suggested that
pernmanent nonitoring plots be established within the nanagenent
areas of interest. These might be 100 foot square plots in which
all plants are taxonomically ldentified. All individual plants of
the larger and rarer species within the 100 foot plot should be
counted. For the smaller and nore abundant species, smaller 10
foot square subplots may be established within the larger plot as
the permanent nonitoring unlt. A11 Individual plants within this

10 foot subplot should be counted (clomal clunps may be counted as
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singl e individuwals). Shrubs also should be eval uated with respect
to height and degree of senescence (amount of dead material wthin
the shrub). Plots will be counted three times In May, June, and July

Care should be taken in choosing the |ocation-of pernanent
monitoringplots. |f a managenent area is heterogeneous with both
upland and rlparlan habitats, independent plots should be established
In each habitat type requiring monitoring. It Is also suggested.
that the plots be located along the butterfly nonitoring transects,
perhaps at the mdpoint of a transect.

This type of data will emable the | and manager to assess each
managenent area with respect to the relative diversity and
productivity of each of the major foodplant groups. described above
(1.e. bunchgrasses, | egunes, conposites, etc.). The response of

grasses., herbs, and shrubs to various nanagenent prograns can then

be evaluated through tine.
It should be noted that nore sophisticated and detailed nethods

of plant monitoring are also available to assess the actua
percentage of land coverage for each of the major foodplant groups,
and to measure the actual biomass production for each plant group
at the end of the growing season. However, this nonitoring is far
nore time consuming and |abor Intensive, and can not general ly be
applied to large areas for nost practical purposes. Neverthel ess,

such detailed nonitoring could be of interest for specific research

programs | n certain situations.
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BIOINDICATOR MONI TORI NG PROGRAM - BUTTERFLI ES

Butterflies have been extensively used as a monitoring too
for ecol ogy and conservation in Britain Since 1976.The net hods
used by the British, as described by Pollard & Yates (1993), are
adapted below for the North Anerican monitoring program wth
nodi fications related to the differences- between Britain and North
Arerica. Britain-has a relatively small geographical area and a
long history of Intensive human activity and disturbance conpared
to western North Anerica. It also has a rather small and depauperate
faura conpared to North Anerica.

As di scussed by Grimble, Beckwith & Hamond (1992), ar ound’
400-500 species of defoliating Lepldoptera are found In the Blue
Mount ai ns of eastern oregon, and 90gof these feed upon the larval
foodpl ant groups (angi osperns) described above. O these species,
about 80% are noths and 20g are butterflies. NMths are not good
organisns to use in bl ol ndl cator nonitoring programs because they
only fly at night, and can not be visually nonitored along
transects through the habitat managenent areas. They nust be
collected by black-light traps. ‘In addition, noths are very
difficult to identify, and nmust be closely examined by a
taxonomic expert.

By contrast, butterflies are easy to visually nonitor along

transect lines during the day, there are major groups of butterflies
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that feed on nost of the major foodplant groups described above,
and these butterfly groups are easily recognized In the field by
non-experts. Thus, butterflies can serve as representative
bl ol ndl cators for the overall Lepidoptera comunity of herbivores.
In contrast to the plant monitoring described above, butterfly
monitoring actually produces nore valuable qualitative data than
quantitative data In evaluating ecosystem diversity and productivity.
This is because Lepl doptera popul ations can fluctuate drastically
fromyear to year due to seasonal weather variations, In contrast
to the greater permanence of plant populations. For exanple, an
El Nl no drought or a cold, rainy summer will usually result In
drastic shifts in Lepl doptera abundance the following year, wth
sone species. Increasing and other species decreasing |In abundance
as a consequence. In addition, a late spring or early summer
freeze, which oceasiomnlly OCCUrS i N montane areas, can greatly
reduce Lepldoptera numbers for the remainder of the year. Thus
several Years of nonitoring may be needed to assess the health of
defoliating herbivore populations wthin a nmanagenent area.
Neverthel ess, butterflies are very sensitive bloindicators
of ecosystem health, and are excluded from conmmunities along with
"their larval foodplants In-response to various nmanagement
histories of overgrazing by domestic livestock or the exclusion
of historical fire patterns. The fritillary butterflies of the
gerus Speyeria and their [arval foodplants (viola spp.)are a
classical exanpl e (Hammond & ‘McCorkle, 1983).
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The followi ng groups of butterflies should be included In a
monitoring program Each of these groups are closely correlated
with one of the major foodplant groups previously discussed.

Pyle (1981) is a useful color illustrated guide to use In the
field Identlflcatlon of these butterflies. Hinchliff (1994)
provi des a useful summary for butterfly foodplants, habitats, and

flight periods In the Pacific Northwest.

Umbellifer-feeding Swallowtails (Papl || onl dae)
The amse swal | owt ai | (papilio zel | caon) is the dom nant

umbellifer feeder throughout western North America. In particularly
dry or rocky habitats, the Indra swallowtail (Papilio indra) may

also be locally Inportant.

Shrub-feedi ng Swal | owtai | s (Papilionidae)
Three species of tiger swallowtails feed on hardwood shrubs
and trees. These Include western'tiger swallowtail (Papilio

rutulus) on Sal | caceae (Salix, Popul us), two-tailedswallowtail

(Papilio multicaudatus) on Rosaceae (Prunus), and pal e swallowtail
(Papl || 0 eurymedon) on snow brush (Ceanot hus spp.) and Prunus.
In addition, Baird's swallowtail (Paplllo bairdii) feeds on green

sage (Artemisia dracunculus). Bach of these large butterflies is
quite distinctive, and shoul d be 1ndividually nonitored.
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Wi tes (pieridae)
The white butterflies consist of 7 species in the genera

Pleris, Euchl oe, and Anthocharis. These |nclude _P. beckerii,

P. sisymbrii, P. occidentalis, P. mapi, E. ausonides, E. hyantis,

and A. sara. All feed on nustards (Cruciferae) In a variety of
meslc to xerlc habitats, and can be nonitored as a collective

group.
Sulphurs (Pleridae)

The sulphur butterflies consist of 3 species including Colias

eurytheme, C. occidentalis, and C. alexandra. They feed on legumes

(Leguminosae) in a variety-of meslc to xerlc habitats, and can be

monitored as a collective group.

Blues:nidae)
The blue butterflies consist of 14 species In the genera

Lycaem, Everes, Euphilotes, Glaucopsyche, and Pl ebejus. These

include L. het eronea, _Ev. comyntas, Ev. amyntula, Eu. battoides,

Eu. enoptes, G. plasus, G |ygdanus, -P. idas, P. mellssa, P.

saepiolus, P._ | carloi des; P. shasta, P. acnon, and_P._lupini. Al|

feed on | egunes (Leguni nosae) and buckwheats (Eriogonum-Polygonaceae)
In a variety of meslc to xerlc habitats, and can be nonitored as a

col l ective group.
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Fritillaries (Nymphalidae)

The rritillary butterflies consist of 8 species In the genus

Speyeria. These include S. cybele, S. coronis, S. zerene, S.

callippe, S. egleis, S. atlantls, S. hydaspe. and S. mormonia.
A1l feed on violets (Viola-Violaceae) In a variety of hydric to

xerlc habitats, and can be monitored as a collective group.

Crescents and Chlosyne Checkerspots (Nynphalldae)

The crescents and Chl osyne checkerspots consist of 6 species
in the genera Phyciodes and Chlosyne. These Include C. palls,
C. acastus, P. selenis, P. pratensis, P. pallidus, and P. mylitta.

Al feed on conposites (Conposlitae) in a variety of neslc to xerlc

habi tats, and can be nonitored as a collective group.

Euphydryas Checkerspots (Nynphalldae)'

The Euphydryas checkerspots consist of 3 species Including
E. anicla, E. chalcedona, and E. editha. AI| feed on various

scrophs or figworts (Scrophulariaceae), particul arly penstenmons

(Penstemon spp.) and pai ntbrushes (Castllleja spp.). pl us snowberry
(Symphoricarpusspp.). They occur in a variety of meslc to xerlc

habitats, and can be nonitored as a collective group.

Anglewings(Nynphal | dae)

Anglewings consi st of 4species in the genus Polygonia,

including P. satyrus, p. faunus, p. gracilis, and P. progne. Ihey
usually occur in neslc to hydrlc habitats where they feed on woody
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shrubs and trees of the genera Alnus, Salilx, and Ribes, plus

stinging nettles (Urtica spp.). However, P. gracilis 1s also
found in more xeric habitats with xeric-adapted specles of Ribes.

Anglewings can be monitored as a collective group.

Tortoiseshells (Nymphalidae)
Tortoiseshells consist of 4 species in the genus Nymphalis,

including N. vaualbum, N, californica, N. antiopa, and N. milberti.

They usually occur in mesic to hydric habitats where they feed on

woody shrubs and trees of the generz Salilx, Populus, and Ceanothus,
plus stinging nettles (Urtica spp.). They can be momitored as a
collective group, although the mourning cloak (N. antiopa) 1is

individually quite distinctive.

Admirals (Nymphalidae)
Admirals consist of 3 specles in the genus Limenitis,

including L. archippus, L. weildemeyerii, and L. lorguini. They

usually occur in mesic to hydric habitats where they feed on woody

shrubs and trees of the genera Sallx, Populus, and Prunus. They

can be monitored as a collective group, althougn the viceroy

(L. archippus) is individually quite distinctive.

Wood Nymphs (Satyridae)

The wood nymphs consist of 5 specles in the genera Erebila,

Coenonympha, and Cercyonis. These include E. epipsodea, Co. tullla,

Ce. pegala, Ce. sthenele, and Ce. oetus. All feed on grasses




23

(Gramineae) in a vari ety of mesic t0 xeric habitats, and can be

monitored as a collective group.

These groups of butterflies represent feeding guilds of
defoliating herbivores that specialize o particular groups of
foodpl ants. Mnitoring these guilds provides an indication of the
success-and productivity of each plant group within-the ecosystem
in supporting higher trophic | evel s of the food chain. Healthy,
conpl ex ecosystens have many plant groups that support many herbl vor
guilds, while highly degraded systens are quite depauperate by
contrast.

The nethod of butterfly monitoring will consist of counting
nunbers of Individuals within- each of the butterfly groups described
above élong permanent, linear transects of 500-1000 feet in | ength.
The length and nunber of transects wll depend upon the size of the
nanagenent areas of concern. Again, as with the plant nonitoring,
if the managenent area |s heterogeneous with both upland and
riparianhabitats, separate transects should be naintained within
each habitat type.

|f there is a need to nonitor |arger managenent units, it may
be necessary to establish |onger permanent transects of 2000-5000
feet. Such |ong transects will certainly extend over a variety O
habitat types. Thus, the transect should be divided Into 500 foot
sections, and a separate count of butterflies should be recorded

for each section
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Transects shoul d be nonitored three times during the season
to count spring, early summer, and late summer flying butterflies.
I n nost areas, monitoring should be done in May, Late June to early
July, and late July to early August. Hgher elevation sites should

be surveyed several weeks later.
The field observer should wal k t he transect at a sl ow pace,

perhaps 100 feet in smnutes, so that butterflies resting in
vegetation have time to fly up and be counted. The observer should
have a not ebook listing the major butterfly groups described above,
SOthat each butterfly can be recorded according to its group with
a tally mark. Al butterflies within the 1ine of vision should be
recorded, taking care not to count a given area nore than once.
|f butterflies are particularly abundant with dozens of individuals
swarming al ong the transect, 1t is helpful to block out visual areas
and to count each block in a sequential order.

The transect should be wal ked under warm sunny conditions in
m d- norni ng bet ween 10:00-12:00. Observations can al so be
conducted in the afternoon if tenperatures are not tho hot.
However, NDSt butterflies seek protective shelter I n shady vegetatic
when afternoon- tenperatures clinb in excess of 90°F. Monitoring
should not be done at hot tenperatures, Which I's advantageous- for
the observer's confort as well.

For data amilysis, It is suggested that 500feet of transect
be the standard unlt for conparisons through tine and space. Thus,

a 1000 foot transect shoul d be divided into two equal -si zed section




25

and independent counts be made for each section; Numbers of
butterflies within each foodplant guild can then be compared per
unit of habitat area, both spatially between- managenent areas and
through tinme within, a single nmanagement area. An index of habitat
productivity can then be devised for each foodplant group. A
suggested | ndex woul d be as follows based upon general experience.

Butterflies/500ft. Quality
1 very poor
5 poor
10 fair
20 good
ko very good

The above nonitoring program will assess the productivity of
each major foodplant group with respect to each guild of defoliating
herbi vores dependent upon that plant group.' It provides an
| ndication of ecosystem conplexity and |nherent stability, and of
how wel | pl ant biomass is being processed i nto animal blomass to
sustai n hi gher trophic |evels of the food chain.

A total of 8foodplant groups and their guilds of herbivores
will be' nonltored | n this program. I1hese are outlined as follows.
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Foodpl ant group Butterfly Guild

grasses wood nynphs

viol ets fritillaries

must ar ds whi tes

| egumes + buckwheats sul phurs + bl ues

scrophs Euphydryas checkerspot s

conposi tes crescents & Chlosyne checkerspot
umbellifers swallowtalls (zelicaon & indra)
woody shrubs + nettles swallowtalls (bailrdii, rutulus,

nul t | caudat uS, eurymedon) +
anglewings +

tortoiseshells +

admirals

It should be noted that this nmonitoring program does not assess
species diversity within a particular herbivore guild beyond the
general groups of butterflies. For exanple, |egumes and buckwheats
can support up to 17 speci es of sulphur and blue butterflies, and
woody shrubs and nettles support up to l5species of swallowtalls,
anglewings, tortoi seshells, and admrals. Mst butterfly species
can not be identified wthout close examnation by a qualified
taxonomicexpert. The nonitoring program described above is
designed to examine only the major butterfly groups in general
with respect to their major foodplant groups. This approach is
very easy and fast, and can be done by any | and marager w t hout

detailed training in butterfly taxonony. Mest transects can be run
in a single hour, so time and |abor spent In nonitoring is minimal.



27

Neverthel ess, for sone mamagement purposes, there may be
Interest in assessing the actual herbivore species diversity
being supported by the foodplant groups within a specific

maragementarea. 10 do this, sanples of all representative groups

O butterflies will need to be collected and sent tb a taxonomic
expert for Identification. Butterflies should be captured in a

net, killed by pinching the thorax at the wi ng base while still

In the net, and placed in a paper envelope with wings fol ded back
and flat. The envel ope should be marked with the appropriate
locality I nformation (township, range, section,transect nunber)

and date of capture. It should be noted that studies of species
diversity are nuch nore time-consuming, | abor-intensive, and expensi
to perform than the general blolndlcator nonitoring previous-

discussed.
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BUTTERFLY -PLANT GROUPS WITHIN HABITAT TYPES

The GIS classification of vegetation cover types is much too
narrow for meaningful discussion of butterfly-foodplant assemblages.
For the purpose of using butterflies as bloindicators of ecosystem
health, the marrow GIS vegetatlon cover types aie best consolidated
together into 9 major habitat types. The butterfly-foodplant
assemblage found within each of these ma jor hebitat types 1s
‘described below. Again, it must be emphasized that very few
butterflies are found in conifer forests where dense stands of
young conifers have shaded out most of the grasses. herbs, and
shrubs on the forest floor. Likewlse, very few butterflieé are
found in degraded rangelands where overgrazing by domestic livestock
has elimimated most of the mative grasses and herbs, and has

replaced the natives with weedy, exotic plant specles.

1. Montane Meadow-Barren Rock Garden
(27 butterfly specles)

Grasses - Cercyonis oetus, Erebla epivsodea

Violets - Speyeria mormonia, S. atlantis, S. eglels

Mustards - Pleris sisymbrii, P. occidentalis, Euchloe ausonides
Anthocharls sara

Legumes-Buckwheats - Collas eurytheme, Everes anyntula,
Euphilotes enoptes, Lycaena heteronea, Glaucopsyche

Tygdamus, Plebejus saepiolus, P. Tcarioldes, P. 1das
P. shasta, P, acmon '
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Umbellifers - Papilio zelicaon, P. indra

Scrophs - Euphydryas anicia, E. chalcedona, gh_editha

Composites - Chlosyne palla, Phyclodes pratensls

Nettles - Nymphalis milberti

2. Spruce-Fir-Lodgepole Plne Forest
(22 butterfly species)

Grasses - Cercyonis oetus, Erebla epipsodea

Violets - Speyeria hydaspe

Mustards - Pleris napi, P. occidentalis, Anthocharis sara

Legumes-Buckwheats - Colias eurytheme, C. occidentalis, Everes
amyntula, Glaucopsyche lygdamus, Plebejus icarioldes.

P. idas, P. acmon

Umbellifers - Papilio zellcaon

Scrophs - Euphydryas chalcedona

Composites - Phyclodes pratensis

Shrubs - Papilio eu edon, Polygonia progne, P. faunus,
Nympha lis californica, N. Yaus lpum, Limenitls lorouini

3. Ponderosa Pine Forest
(25 butterfly species)

Grasses - Cercyonis oetus, C. sthenele, Coenonympha tullia

Violets - Speyeria hydaspe, S. zerene

Mustards - Pleris occidentalls, Anthocharis sara

Legumes-Buckwheats - Colias occidentalis, C. alexandra, Lycaena
heteronea, Euphilotes te ttoldes, Glaucopsyche piasus,

G. lygdamus, Plebejus melissa, P. icarioldes,
P. acmon, P. lup ni
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Umbellifers - Papilio zelicaon

Scrophs - Euphydryas chalcedona

Composites - Chlosyne palla, Phyciodes pratensis, P. gzlitta

Shrubs - Papilio eurymedon, Polygonia gracilis, Nymphalls
californica

4, Aspen Forest
(27 butterfly species)

Grasses - Cercyonis oetus, Coenonympha tullia

Violets - Speyeria atlantis, S. zerene

Mustards - Pleris mapi, P. occidentalls, Anthocharls sara

Legumes-Buckwheats - Collas occidentalis, C. alexandra,
Glaucopsyche pIEsus. Ge. Iigagmus. Plebejus mellssa.,
P. icarioides, P. acmol, Everes amyntula

Umbellifers - Papilio zelicaon

Scrophs - Euphydryas anicia, E. chalcedona

Composites - Chlosyne palla, Phyciodes pratensis, P. gzliﬁta

Shrubs - Papilio eurymedon, gé.rutulus. Polygonia gracills,
P. faunus, Nymphalls antiopa, Limenitis weldemeyeril

5. Natilve Bunchgrass-Sagebrush-Juniper Steppe
(28 butterfly specles)

Grasses - Cercyonis oetus, C. sthenele, Coenonympha tullla

Violets -‘Speyeria callippe, S coronis, S. zerene

Mustards - Plerls beckeril, P. sisymbrii, P. occidentalls,
Fuchloe ausorddes, E. hyantis, Anthocharis sara

Legumes -Buckwheats - Collas alexandra, Lycaem heteronesa,
Euphilotes battoldes, E. enoptes., Glaucopsyche piasus.
G. lygdamus, Plepe jus melissa, P. jcarioides, P. acmon

Umbellifers - Papilio zellcaon, P. indra
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Scrophs - Euphydryas anicla

Composites - Chlosyne palla, C. acastus, Phyclodes pallidus,
P. mylitta

6. Exotic Grasslands

?o

8.

(7 butterfly species)

mustards - Pleris beckerii, P. occidentalls, P, rapae (exotic)

Legumes (alfalfa) - Colias eurytheme, C. philodice, Plebe jus
mellssa

Composites - Phyclodes mylitta

Canyonland-DIy Shrubland
(32 butterfly specles)

Grasses - Cercyonis oetus, C. sthenele, Coenonympha tullils

Violets - Speyeria callippe, S. coronis, S. zerene

Mustards - Pleris sisymbrii, P. occidentalis, Euchloe gusonides
Anthocharls sara ‘

Legumes—Buckwheats - Colias alexandra, Lycaem heteronea,

Glaucopsyche iasus, G. lygdamus, Eupnilotes enoptes,
E. 5ides, Plebejus icarioides. P. mellssa, P. 2CI

Umbellifers - Papilio zellcaomn, P. indra

Scrophs - Euphydryas anicia, E. chalcedona

Composites - Chlosyne palla, C. acastus, Phyciodes pallidus,
P. gzlitta.

Shrubs - Papilio multicaudatus, P. eurymedon, P. bairdil,
Polygonia gracills., Nymphalls ca ifornica.

Riparian Cottonwood-Willow
(19 butterfly specles)

Grasses - Cercyonis pegala

Violets - Speyeria cybele
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Mustards - Pleris na i, Pe occidentalls

Legumes - Everes comyntas, E. amyntula, Glaucopsyche lygdamus,
Plebe jus melilssa

Umbellifers - Papilio zelicaon

Composites - Phycliodes pratensis, P. Qllitta

Nettles - Polygonia satyrus

Shrubs - Papilio rutulus,. P. multicaudatus. Polygonia faunus,
Nymphalls Yauzibum, N. antiopa, Timenitis archlppus,

L. lorguini

9., BRiparian Meadow-Wet Prairie
(16 butterfly species)

Grasses - Cercyonis pegala ., Coenonympha tullia

Violets - Speyeria mormonia

Legumes - Colias eurytheme, Evéres comyntas, E. agzntula.
cIaucopsyche lygdamus, Tlebe jus saepiolus, Fe. mellss:

Scrophs - Euphydryas editha

Composites - Phyclodes selenis, g.pratensis. P. mylitta

Nettles - Nymphalls milberti

Mustards - Pleris napi, E. occidentalls
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AREAS oF #IGHE SPECIES DI VERSITY FOR BUTTERFLIES IN THE COLUMVBI A
R VER BASIN

In general, there is a strong latitudinal gradient in butterfl
species richness, with much greater diversity southward In the
Col unbia River Basin as it borders the Great Basin, and fewer
Speci es northward towards Canada. Second, nontane regions have 'the
largest nunber of species due to the elewatioml gradients and
di ver se habitat types present In nmountains. This ranges fromthe
desert bunchgrass-sagebrush steppe at the foot of the nountains
through the various montane |ife zones and habitat types to the
. subalpine tundra and glacial cirques at the top of the nountains.
Consequently, the greatest butterfly diversity In the Columbia
River Basin Is found In the mountains of southern and central
| daho and Oregon.

Across southern ldaho and Oregon, these include the Alblon
Mountains and South R Ils of Cassla and Twin Falls Counties, the
Owhee Mountains of Owhee County, and the steens and Puebl o
Mount ai ns of Harney County. Al of these nountain ranges support
a strong fauma W th Geat Basin affinities conbined with Rocky
Mountain el enents. The Wom ng Range, Cari bou Range, northern
Wasatch Range, Portneuf Range, and Bannock Range of western
Wom ng and sout heastern Idaho also exhibit high species diversit:

al though with nore strongly Rocky Muntain affinities,.
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Across central Idaho and Oregon, high diversity is found in
t he southern-portion of the Bitterroot Range and Lemhi Range in
Lenhl County, the Lost vaer Range and Sawt ooth Range in Custer
County, the Seven Devils Muntains and Imnaha Mountains hordering
Hel |'s Canyon, the Wallowa Mountains of Wallowa County, and the
Blue and Cchoco Mountains across northeastern and central O egon

On the east slope of the Cascades, high diversity is found.
near Mt. Adans (G fford pinchot NF), the Metolius Basin and Three
Creeks Basin near the Three Sisters (Deschutes NF), and in the
sout hern Cascades and Warner mountains of southern Klamath and
Lake Counties bordering california (Winema and Frenont NFs).

In contrast to these southern-nountains, the butterfly fauna
of northwestern Montana, northern |daho, and most of' Washington Is
relatively depauperate. This may be partly due to the disruptive
effects of Pleistoceneglaciations |n these northern mountains.
However, unigue Arctic-alpine types Of butterflies are narrowy

endemic to these northern nountains-above tinberline. The North

Cascades of Washington, G acier National Park I n Montam, the
Bltterroot Range In Idaho, and high elevation zones of the
Yellowstone-Teton region in Womng are the best areas for these

Arctic-alpine relicts.
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