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Abstract
Folivory of vinc maple was documcnted in an old-growlh Dougla,i-fir \'"csrern hemlock lbrest rn south\,"esr \hshington. Leaf
consumption by lcpidopleran larvac was estiDated {'ith a sample of.150lagged lea\er visiled weekly from 7 May ro | | October
the period from bud break to lcaf drop. Lepidoplcran tala $ere idendlied by handpicking larvae from addirional sfuubs and
rcaring to aduh. Weekly folivory peaked in Ma-v at 1.2f.. after which ir was 0.27. lo 0.77. through mid Ocrobcr. Cumulative
seasonal herb ivory was 9.9E of leaf area. The lepidopteran foli vore guild consisled of at least 22 taxa. Ncarly all individuals we.e
repfesented b] eight taxa in lhc Geometridae. Tortricidae. and Celechiidae. Few herbivores froln other insccl orders werc ob
served, slrggcsling that the folivore guild of vinc naple is dominacd by rhese pol),phagous lepidoplerans. Vinc maple folivor]
was a significanl cornponent ofsland fblivor!. comparable to - 667. ol the foli\'ory ollhe three nrain overstory coniiers. Becausc
vine m.rple is a regionally widespread. olien dominant understofy shrub. ir may be a signilicanr influcnce on fores! tcpidopreran
(ommul i r ie.  " rd lcr l  oJ.ed fnno $cb,

Introduction

Herbivory in forested ecosystems consists of the
consumption of foliage, phloem, sap. and live
woody tissue by animals. Typical insect-produced
herbivory levels of7.17. for temperate forests and
ll.lVc for shade-tolerant species in the humid
tropics have been reported, based on leafarea loss
(Coley and Barone 1996). In contrast, occasional
lolivore outbreaks of the western spruce bud-
w orm (C ho ri sto ne u ra occlderzralls) (Tortricidae)
(Brookes, 1987) or the western hemlock looper
(Inmbdino fist e ILaric /rlgriDrosa) (Geometridae)
(Harris et al. 1982) in temperate conifer tbrest
can produce defoliation approaching 1007c. Her-
bivory also varies spatially, fbr example, from l7a
to 547a along an elevation gradient in Australia
(Lowman 1995). Studies are usually restricted to
measudng holes produced by leaf chewing
arthropods, and therefore describe folivory alone.

Old-growdr coniferforests in the Pacific North-
west west ofthe Cascade Range crest tend not to
have defoliator outbreaks (Perry and Pihnan 1983).
Exceptions are outbreaks of geometrids, such as
lhe wesrem hemlock looper. This molh occasion-
ally produces patches ofintense defol iation in old-
growth stands dominated by westem hemlock
(Tsuga heterophylLd) (Harris et al. 1982).In con-
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trast to delbliator outbreaks, less is known about
eldemic populations of defoliators andlow-level
lblivory.

Vine maple (Acer circiruturn) is one of the
dominant shrubs in forest communities in the zone
of maritime climatic influence in Oregon and
Washington from the crest ofthe Cascade Moun-
tains to the Pacific Ocean (Fnnklin and Dyrness
1988), and in coastal British Columbia (Haeussler
et al. 1990). The shrub tvpically grows in ciumps
that enlarge vegetatively through resprouting and
layering, and F,ersists through multiple disturbances
and successional stages (Schoonmaker and McKee
1988, Haeussler et al. I 990, Tappeiner and Zasada
1993, O'Dea et al. 1995). Mature vine maples
are usually several meters tall with iregularly
shaped crowns that have tbliage arranged in flaC
tened irregular sprays (Haeussler et al. 1990, O'Dea
et  a l .  1995) .

Er cn lhough r ine maple i\ a corrunon 5pecie\
in the Pacitic Northwest, littlc inlbrmarion has
been published on its herbivory and insect herbi-
vores. Known folivores are generalist feeders
(Fumiss and Cuolin 1980, Miller 1995). One report
states that herbivory is low (Taylor 1976). Re,
ported folivores include the tussock moths (Ory1la)
(Lymantriidae), the polyphemus moth (An rheraea
pollphemus) (Satumiidae), and the brown day moth
(Hemileuca eglanterina) (Saturniidae) (Taylor
1976). The westem hemlock looper feeds on vine
maple during outbreaks on its principle host,
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westem hembck (Furniss and Carolin 1980). Other
maples have been better documentcd: forexample.
lhe  herb ivor )  r ' f  reJ  mrp le .  a  common l ree  in
eastern North America. has been reported at 27c
to l0olo (Reynolds and Crossley 1997).

The presence of a gencralist folivore guild on
vine maplc can be predicted based on the com-
mon sbrub's perennial growth tbrnl.likelv chemical
defenses against herbivory and common occur-
rence within its range. Long-lived, common plants
typically have tannins. digestibility reducing phe-
nolic compounds, as the main anti-herbivory
chemicals (Feeny 1980. Rhoades and Cates 1976).
Condensed tannins and lignins become more con-
cantrated as leaves age, decreasing leafpalatability
and digestibil i ty, whereas labile hydrolysable
tannins increase in response to herbivory (Rhoades
l979). Although the defensivc chemistry of vine
maple has not been reponed, it is probably simi-
larto several other maples for which a tannin and
lignin based defense has been described (Bate-
Smith 1977, Seastedt et al. 1983, Hunter and
Lechowicz 1992. Shure and Wilson 1993. Shure
et al. 1998). As maple leaves mature and age,
greater lignin content increases leaf toughness,
inhibiting folivory. Lepidopteran laryae may ex-
hibit a spring feeding strategy to avoid these de
fenses (Hagen and Chabat 1985, Shure and Wil-
son 1993).

The purpose ofthis study was to quantify vine
mapie herbivory and describe the folivore guild.
We descdbed temporal and spatiill folivory pat
terns in addition to producing an overall folivory
estimate.

Methods

Study S te

Three study siles werc selected in a 500 year-old
Douglas-flr-western hemlock forest in the south
ern Washington Cascades, in and adjacent to the
T. T. Munger Research Natural Area (the RNA),
Gifford Pinchot National Forest. The RNA was
established in 1934 for the study of forest domi-
nated by Douglas-fi r (.P seuclot sugu mert2ie sii 1, ?trrd
it is the location of a stationary canopy access
crane erected in 1995. One site was ncar the crane.
and all were \\, ithin 1 .2 km of each other in the
same stand.

The environment of the RNA reflects its
submontane looation just west of the crest of the
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Cascade Range, at an elevation of 360-380 m in
the Trout Creck drainage (Franklin 1972. Shaw
et al. 2001). Precipitation is 247 cm per year, oc-
curring partly as snow, and average minimum and
ma\imum temperatures are 0.5'C and 12.3'C Soi,is
underlvins the sites are wel( drrised
volcanic tephra parent material, and are moder-
ately fertile.

The stand is typical in structure for an old-
growth conif'crfbrest in the westem hemlock zone
dominated by Douglas fir, western henrlock. and
westem red cedar (7ruja plicata) GrankJlrl 1972,
Franklin and Dyrness 1988, Franklin and DeBcll
1988, Parker 1997). The study sites were located
in relatively dry westem hemlock assoclahons
(Topik et al. 1986), described as the western hem-
lock/Oregon grape-salal, westem hemlock/salal
complex (Meyers andFrcdricks 1993). Vine maple
was widespread at each site, and had been esti-
mated at 26.'76/c cover near onc site (Shaw et al.
200 r ).

Herbivory in the RNA is low. Barkbeetles have
probably produced the largest herbivore impact,
by periodicaily kil l ing mature Douglas-fir and
western white pine (Pinus nonticola) (Franklin
and DeBell 1988). Western hemlock looper out-
breaks have I]ot been obseNed in the RNA tiom
the time it was established in 1934 (Franklin and
DeBell 1988). Folivory estimates of 3olc or less
have been made tbr the thrce dominant conifer
species in the 2.3 ha area accessed by the crane
(Shaw and Baker 1996, Schowalter and Ganio
1998). Linited defoliation by the silver spotted
tiger moth (Lophoctmtpa qryentatq) has been
observed in the upper crowns of Douglas-fir and
western hemlock in this area (Shaw 1998).

Fo ivory

Folivory was estimated by repeated obsenatlons
of 450 leaves to track intra-seasonal folivory. At
each of the three sites, 10 leaves were tagged on
each of 5 shrubs arrayed on 3 transects. Leaves
were tagged on the petiole with a loop of dental
floss and a small piece offlagging, and were ob-
served 23 times from 7 May to 9 October 1999.
Both shrubs and transects were appro\imately 50
m apart. Some shrubs were excluded that had less
than 200 leaves.

Leaves were selected by dividing each crown
into l0 cqual sectors originating at a central point,
and selecting the outer-most leaf in each. This
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approach was utilized to sample the irregular,
planaq 3-5 m tall crowns systematically while
seekng to avoid disturbance ofresident arthropods.
Because foliage was in flattened arrays along
branches that were at multiple heights and had
l i t t le  ven ica l  over lap .  se lec ted  leure .  uere  in  a
wide range of distances from shrub cente$ and
thc ground. However. Ieaves towards the centers
of foliage planes may have been under-represented.
Selected leaves varied in height f iom 1l to,l30
cm, with a mean of 160.8 t 2.8 cn.. and varied
in area from I I to 96 cmr. with a mean of 38 t
0.7 cm':.

Folivory estimates were based on percentage
leaf area lost calculated fbr individual leaves, a
method reported by Lowman (l984). Periodic and
seasonal folivory gstimates were means of leaf
percentages. To estimate folivory on each leaf,
thc area consumed was visually measured with a
clearplastic gridto:ur accuracyof 0.1 cm. Folivory
was defined as the loss of leaf arca for attached
leaves. If an entire leaf and petiole were absent,
no herbivory was recorded on the observation date.
Sketches were made ofleaf outlines and holes to
aid in distinguishing new feeding. Holes were
defined as the new areas consumed tiom one *eek
to the next.

Fo l i vore  Gu i ld

Sampling was limited to lepidoptenns because
populations of other orders were extremely low.
Occasional aphids and leafhoppers (Homoptera;
Aphididae and Cicadellidae) were observed, but
leaf beedes were not (Coleoptera: Chrysomelidae).

La ae werc collected on separate transects 10
- 20 m away from each folivory transect. On each
visit, a target number of five lar.lae were hand
picked tiom a new shrub on each transect. Ten
collections were rnade between 1200 and 1700
hr fiom 18 May to 18 August.

Larvae were reared with vine maple leaves as
lbod. At the end of the season, remaining pupae
were refrigerated for one month at 4.5'C to com-
p le te  the  dere lopment  o l  la l l -emerg ing  'peu ies .
Species idcntifications based on lawal anatomy
were made with reference to Miller ( 1995): spe-
cies identifications of larvae and pinned adults
were confirmed by Jcffrey Miller and Paul
Hammond, Depafiment of Entomology, Oregon
State University.

S ta t i s t l ca l  and Graph lca l  Ana lys is

The similadty of the three sites was examined to
justity pooling leafconsumption data fbr an overell
folivory estimate. The arcsine tmnsformation was
applied to individual lcaf pcrcentages to normal-
ize the data before statistical analysis (Seastedt
e t  r l .  lq8 l .  Z r r  I999) .  An i r l l . i s  u l  vur iun .e  ua : .
pcrformed to cotnparc thc percentage folivory
among sites, with sites as the single random fac
tor. Conelation among folivory and spatial vari
ables (total lcaffolivory. number ofholes per leat',
leaf height. and size) was explored with the
Spearman Rank test (Zar 1999).

Graphical analysis was used to assess sampling
rigor. The mean and standard error ol increas-
ingly large subsets of leaf fblivory werc plottcd
over subset size, and repeated for multiple ran-
dom orderings of the leaf folivory data. A range
for thc mcan and standard crror of a sample size
less than the total could then be estimated.

Results

Folivory

Folivory was estimated within the entire foliated
period lor vine maple. based on phcnological
observations (Bmun, 2002). Bud break occured
within several days of I May, and leafexpansion
continued for almost 3 wk. Observations werc
ended on I I October because many leaves were
tuming color, signaling the beginning ofseasonal
leaf drop.

Weckly folivory varicd from 0.2 7c - 0.8 % on
17 of23 obsenation visits. It was below this range
at the beginning and end ofthe seasonal observa-
tion pcriod, and pcaked in May at 1.2 X 0.2 Vc
(Figure 1).

The number ofleaves observed did not remain
constant over the 23 visits from 6 May to 1l Oc-
tober: of the original,l50leaves, 382leaves (8,1.9%)
remained on the last visit. The initial number of
leaves was 438, because l2 leaves abscised be-
fore full expansion, precluding folivory estima-
tion based on the area of fully expanded leaves.

Seasonal fblivory was the product of up to 26
holes per leaf, with a mean fiequency of 4.6 :l
0.2. Holes were most often on leafedges (50.37r),
followed by interior areas (43.37o), and areas
adjacent to previous holes (6.2%). The amount
of fblivory was signilicantly correlated with holes
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TABLE 1. LepidoPterm larvae cc
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Earlv Ccometndac
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Late Ccomelrldae
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EuPith(ia sP
ltidapsis enartulatd

Gcomerid 1
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Ceomctrid 3

Lithopha ( georgii

A np hip'- tul P\' tunido ide s

PllbKoph0n Pettcutosa
ZaL, sp.
Noctuid I

P h,\ llod ( s nd unot cantl

Antheru(d palt"Phtnus

Tolal:

0

0
0

0
0

rTaxa ofrhe Major GrcuPs were I

sp., rnd A.l.r;5 sP l late geomel

onc or morc speclcs

three or fbwer individuals, '

Howevet. because many tal

characteristics, 13 of the l

to species.

Four grcuPS rePresenl
made up the bulk of the cc

first group was Present I

and consisted solelY of I

spanworm (OperoPhtera
group was present ftom
and consisted of geomel
lock looPer. the brown-
c ql ifo rniari d ), and ltam
group was presentfrom J

consisted ol at least
obliquebanded leafrolle
cean(r), ffid Acleris Md A'
group, present from eal

consisted of at least o:

lepidopteran familY, the

36

0

Figure l. \\'eekly fo]ivory troduced by tepidopleran tarvac iiom 7 Mar- lo ll Ocrober
1999 ticding on taggcd vine maptc leaves. Dala arc rhe mean percenragcs of
rlissrng ponioDs divided by fully expanded leafarca.

perleaf, but not with leafsize or leafheight. There
was no significant correlation among holes per
leaf, size, ol height.

The validity ofpooling folivory data was sup-
ported by the results of an analysis of variance
comprrinp folivorl umong rhc sires. The .ires were
not significantly different lrom each other. Means
fbr individual sites were 8.7clo t 1.0, 10.}qaI1.2,
and, 10.9q(' t 1.2.

The sulliciency of folivory sarnpling intensity
was suppofied by the srability ofthe mean and stan-
dard error at less than the total s;rmpling ellbrt. Based
on five random orderi ngs of leaf folivory these sta-
tistics became tbcused in nanow ranges beginning
with about half the seunple leaves (Figure 2a, b).
Based on 50%, 901a. anrJ 1001a of leaves, merur
tblivory was 9.0% - 10.36lc (SE 0.8 1.1),9.9Ea -
10.2clc (SE 0.7), and 9.9Ec (5E0.1).

Fo l i vore  Gu i ld

Larval collection visits yielded 397
larvae of which 389 were assigned to
taxa at the lamily leveJ or below (Thble
l). Thifteen taxa were distinguishedat
the species level, increasing the num
ber of previously reported species
known to feed on vine maple by I l.

Taxonomic identifi cations were
based on reared adults, slides of lar-
vae, and descriptive notes. Because
only about 107. ofthe eight cornmon
tara were successfully reared to adult,
these were assigned to major groups
basedonfamily membership and tem-
poral occurrence (TabJe l). None of
the less common taxa, represented by

Figure 2. Plots of the mean (A) .lnd rhe stan-
dard error (B) generaGd by cumuh-
t ive resamples ol  the seasonal
folivor) of2 ro:138 vine maplc leaves
ananged in five random rankings.
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TABLE 1. Lepidopteran jarvae co ecred fron ine mapre in an ord-grow$ Dougrrs-rir-$esrern henlock lbrest in r999r.
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||ou ever..b( aule manl tarah edi.t inctire lanal
cnurac tcn5 l l c \ .  l l  o f  thc  22  t i t \a  u  e rc  ident i f ied
to specres.

* f l lr qro:O). r.frc:enring ar lersr eithr tr\r
m de up  the  hu l l  o f  rhe  co l leL . t ionr  rTab le  11 .  Thet' j.,, C.rp r\t\ prc\ent in Ml1 und r,arl1 Juneilnu (on\t\ted solell ,rf a geom,.trid. the Bruce
spanworm (Operr4thtera bruceata). The second

9:1up.w1s.p:eslnt 
from rnid_June to early July

Jnd cun\ rs ted  o [  geomet r id i :  the  ue \ te rn  he to_
ro(K tooper .  the  hroun_ l ineJ  luoper  (Aear l ,  i rcatUurnraria)- tnd Itctme flano.\,ttq. The lhidgroup was present fromJune throughAugust and
con\ is red  o f  a t  l ca : t  th ree  t r i r t r ,a ,6 r ,  ,naoDtfquebrnded leirfroller r C/iorrrla nttlft) rosa-
, e,tn.t\.and A,.leri.\andAn,if s.pe(jei. fhc founh

:l::1..1j..."" ' 
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rnttlqttfhotu peri, uh,ta. Z.t/e \p.. and one Un_
. * l : y i , O " .  

l a 5 i ( , c a m p i J .  r h i  t a p p c r  m o r hI rnrttolc\tnd umeritanat \alls coljccled. One\anr rn l lL t .  the  po lyphcmus moth  \Anthr ra?a
l,,ut)l)h(muJ\ uas ob,errerl in September on annerDr\.or) tranrcct but not collectcd: it $as jLJen_
l r r red  b)  i t :  J i \ r in ( t j re  la rpe  s jze  rnJ  co lo rar ion .

Discussion

The 9 qi loii\ ory is . jm jlrr lo rhe le\ el reported('rseu here lorfemperate broadlerred treei, includ_
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ii; T","t.i"lll.* 
'"'' seonlenids: It.1n( pt tna*.. t"-,ii*, ri*"n,i"'1,*^,;;;:;.'':;" ,*.r,s .dttbrniaid; setechijds:
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pofiion of stand folivory. Based on rhe projccted
Ieaf area of vine maple relative to the conifers in
the stand, 0.,+ m:compared to 6.5 rnr leaf aredml
forest fl oor (Thomas and Winner 20(D), vine maple
fblivory represented -66% of the amount of co-
nifer leaf area consumed. if coniter folivory of
17c is typical.

AII identitied species were polyphagous (Brown
1962, Fumiss and Carolin 1980, Cariere et al.
1995, Miller 1995), confirming our prediction of
a lepidopteran comnlunity dominated by gencr-
alists. Three of the species also teed on conifers,
retlecting wide host ranges; these are the wes!
ern hemlock looper the obliquebanded leatioller
(Cariere et al. 1995), and Neoalcis t:aliforniaria
(Furniss and Carolin l980). The Bruce spanworm,
the most commonly collected taxon in this study,
fecds on a wide range of other broadleaved trees
and shmbs: alder apple. blueberry. chcrry. hazel.
maple. poplar, rose, serviceberry, and wil low
(Brown 1962, Troubridge and Fitzpatrick 1993.
Car r ie re  e t  a l .  1995,  Mi l le r  1995) .  Because
membcrs of these host plant genera are com-
mon rn the stand and grcater Wind River drain-
age (Franklin and Dyrness 1988. Meyers and
Fredricks 1993). the identified lepidopreran taxa
may be  as  we l l .

The sequential nature of the common mem
bers ofthe community may represent adaptations
to changes in food quality relared to fbliage age
and folivore damage. In other maple species, leaf
touphne ' .  and lunn in  conten t  inc rea .e  o rer  t ime,
decreasing food value fbr insect fblivores (Hunter
and Lechowicz 1992, Shure et al. 1998). Addi-
tlonal studies on food choice may distinguish the
impofiancc of host quality ftom other potential
influcnces on folivore populations. such as com-
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petition with other lepidopteran folivores and the
avoidance of predators and parasites.

Even though the observcd folivores arepolypha-
gous. host choice may shift with population level.
During outbreaks, the hemlock looper feeds on
westen hemlock, its pret'erred host. and under
story shrubs including vine maple (Fumiss and
Carolin 1980). We commonly found the hemlock
looper on vine rnaple, even though there has not
been a hemlock looper outbreak since atleast 193,1
in the RNA (Franklin andDeBell 1988), suggesting
that vine maple may be a preferrcd host in en-
demic periods. This hypothesis couldbe addressed
by monitoring the host choice of this looper in
the stand.

Our dcscription ofa lepidopreran folivore guild
containing 22 taxa is conservative. More inten-
sive sampling and greater rearing success would
have produced some additional species identifi-
cations. Because populations can be expected to
vary from year to year. species we described as
common may become less so. while others be-
come more common. Multi-year studies in a range
of forest conmunities and successional stages are
justificd to better undentand the role of this shmb
and its lepidopteran folivores in forest ecosystcms.
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