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Abstract
Folivory of vine maple was documented in an old-growth Douglas-fir-western hemlock forest in southwest Washington. Leaf
consumption by lepidopteran larvae was estimated with a sample of 450 tagged leaves visited weekly from 7 May to 11 October,
the period from bud break to leaf drop. Lepidopteran taxa were identified by handpicking larvae from additional shrubs and
rearing to adult. Weekly folivory peaked in May at 1.2%, after which it was 0.2% to 0.7% through mid October. Cumulative
seasonal herbivory was 9.9% of leaf area. The lepidopteran folivore guild consisted of at least 22 taxa. Nearly all individuals were
represented by eight taxa in the Geometridae, Tortricidae, and Gelechiidae. Few herbivores from other insect orders were ob-
served, suggesting that the folivore guild of vine maple is dominated by these polyphagous lepidopterans. Vine maple folivory
was a significant component of stand folivory, comparable to — 66% of the folivory of the three main overstory conifers. Because
vine maple is a regionally widespread, often dominant understory shrub, it may be a significant influence on forest lepidopteran
communities and leaf-based food webs.

Introduction
Herbivory in forested ecosystems consists of the
consumption of foliage, phloem, sap, and live
woody tissue by animals. Typical insect-produced
herbivory levels of 7.1 % for temperate forests and
11.1% for shade-tolerant species in the humid
tropics have been reported, based on leaf area loss
(Coley and Barone 1996). In contrast, occasional
folivore outbreaks of the western spruce bud-
worm (Choristoneura occidentalis) (Tortricidae)
(Brookes, 1987) or the western hemlock looper
(Lambdina fiscellaria lugubrosa) (Geometridae)
(Harris et al. 1982) in temperate conifer forest
can produce defoliation approaching 100%. Her-
bivory also varies spatially, for example, from 1%
to 54% along an elevation gradient in Australia
(Lowman 1995). Studies are usually restricted to
measuring holes produced by leaf chewing
arthropods, and therefore describe folivory alone.

Old-growth conifer forests in the Pacific North-
west west of the Cascade Range crest tend not to
have defoliator outbreaks (Perry and Pitman 1983).
Exceptions are outbreaks of geometrids, such as
the western hemlock looper. This moth occasion-
ally produces patches of intense defoliation in old-
growth stands dominated by western hemlock
(Tsuga heterophylla) (Harris et al. 1982). In con-
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tract to defoliator outbreaks, less is known about
endemic populations of defoliators and low-level
folivory.

Vine maple (Acer circinatum) is one of the
dominant shrubs in forest communities in the zone
of maritime climatic influence in Oregon and
Washington from the crest of the Cascade Moun-
tains to the Pacific Ocean (Franklin and Dyrness
1988), and in coastal British Columbia (Haeussler
et al. 1990). The shrub typically grows in clumps
that enlarge vegetatively through resprouting and
layering, and persists through multiple disturbances
and successional stages (Schoonmaker and McKee
1988, Haeussler et al. 1990, Tappeiner and Zasada
1993, O'Dea et al. 1995). Mature vine maples
are usually several meters tall with irregularly
shaped crowns that have foliage arranged in flat-
tened irregular sprays (Haeussler et al. 1990, O'Dea
et al. 1995).

Even though vine maple is a common species
in the Pacific Northwest, little information has
been published on its herbivory and insect herbi-
vores. Known folivores are generalist feeders
(Furniss and Carolin 1980, Miller 1995). One report
states that herbivory is low (Taylor 1976). Re-
ported folivores include the tussock moths (Orgyia)
(Lymantriidae), the polyphemus moth (Antheraea
polyphemus) (Satumiidae), and the brown day moth
(Hemileuca eglanterina) (Saturniidae) (Taylor
1976). The western hemlock looper feeds on vine
maple during outbreaks on its principle host,
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western hemlock (Furniss and Carolin 1980). Other
maples have been better documented; for example,
the herbivory of red maple, a common tree in
eastern North America, has been reported at 2%
to 10% (Reynolds and Crossley 1997).

The presence of a generalist folivore guild on
vine maple can be predicted based on the com-
mon shrub's perennial growth form, likely 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-
centrated as leaves age, decreasing leaf palatability
and digestibility, whereas labile hydrolysable
tannins increase in response to herbivory (Rhoades
1979). Although the defensive chemistry of vine
maple has not been reported, it is probably simi-
lar to 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 larvae may ex-
hibit a spring feeding strategy to avoid these de-
fenses (Hagen and Chabat 1985, Shure and Wil-
son 1993).

The purpose of this study was to quantify vine
maple herbivory and describe the folivore guild.
We described temporal and spatial folivory pat-
terns in addition to producing an overall folivory
estimate.

Methods

Study Site
Three study sites were selected in a 500 year-old
Douglas-fir-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-fir (Pseudotsuga menziesii), and
it is the location of a stationary canopy access
crane erected in 1995. One site was near the crane,
and all were within 1.2 km of each other in the
same stand.

The environment of the RNA reflects its
submontane location just west of the crest of the

Cascade Range, at an elevation of 360-380 m in
the Trout Creek drainage (Franklin 1972, Shaw
et al. 2U01). Precipitation is 247 cm per year, oc-
curring partly as snow, and average minimum and
maximum temperatures are 0.5°C and 12.3°C. Soils
underlying the sites are well drained because of
volcanic tephra parent material, and are moder-
ately fertile.

The stand is typical in structure for an old-
growth conifer forest in the western hemlock zone
dominated by Douglas-fir, western hemlock, and
western red cedar (Thuja plicata) (Franklin 1972,
Franklin and Dyrness 1988, Franklin and DeBell
1988, Parker 1997). The study sites were located
in relatively dry western hemlock associations
(Topik et al. 1986), described as the western hem-
lock/Oregon grape-salal, western hemlock/salal
complex (Meyers and Fredricks 1993). Vine maple
was widespread at each site, and had been esti-
mated at 26.7% cover near one site (Shaw et al.
2001).

Herbivory in the RNA is low. Bark beetles have
probably produced the largest herbivore impact,
by periodically killing mature Douglas-fir and
western white pine (Pinus monticola) (Franklin
and DeBell 1988). Western hemlock looper out-
breaks have not been observed in the RNA from
the time it was established in 1934 (Franklin and
DeBell 1988). Folivory estimates of 3% or less
have been made for the three dominant conifer
species in the 2.3 ha area accessed by the crane
(Shaw and Baker 1996, Schowalter and Ganio
1998). Limited defoliation by the silver spotted
tiger moth (Lophocampa argentata) has been
observed in the upper crowns of Douglas-fir and
western hemlock in this area (Shaw 1998).

Fol ivory

Folivory was estimated by repeated observations
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 of flagging, and were ob-
served 23 times from 7 May to 9 October 1999.
Both shrubs and transects were approximately 50
m apart. Some shrubs were excluded that had less
than 200 leaves.

Leaves were selected by dividing each crown
into 10 equal 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,
planar, 3-5 m tall crowns systematically while
seeking to avoid disturbance of resident arthropods.
Because foliage was in flattened arrays along
branches that were at multiple heights and had
little vertical overlap, selected leaves were in a
wide range of distances from shrub centers and
the ground. However, leaves towards the centers
of foliage planes may have been under-represented.
Selected leaves varied in height from 8 to 430
cm, with a mean of 160.8 ± 2.8 cm., and varied
in area from 11 to 96 cm2, with a mean of 38 ±
0.7 cm2.

Folivory estimates were based on percentage
leaf area lost calculated for individual leaves, a
method reported by Lowman (1984). Periodic and
seasonal folivory estimates were means of leaf
percentages. To estimate folivory on each leaf,
the area consumed was visually measured with a
clear plastic grid to an accuracy of 0.1 cm. Folivory
was defined as the loss of leaf area for attached
leaves. If an entire leaf and petiole were absent,
no herbivory was recorded on the observation date.
Sketches were made of leaf outlines and holes to
aid in distinguishing new feeding. Holes were
defined as the new areas consumed from one week
to the next.

Folivore Guild

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

Larvae were collected on separate transects 10
- 20 m away from each folivory transect. On each
visit, a target number of five larvae were hand-
picked from a new shrub on each transect. Ten
collections were made between 1200 and 1700
hr from 18 May to 18 August.

Larvae were reared with vine maple leaves as
food. At the end of the season, remaining pupae
were refrigerated for one month at 4.5°C to com-
plete the development of fall-emerging species.
Species identifications based on larval anatomy
were made with reference to Miller (1995); spe-
cies identifications of larvae and pinned adults
were confirmed by Jeffrey Miller and Paul
Hammond, Department of Entomology, Oregon
State University.

Statistical and Graphical Analysis

The similarity of the three sites was examined to
justify pooling leaf consumption data for an overall
folivory estimate. The arcsine transformation was
applied to individual leaf percentages to normal-
ize the data before statistical analysis (Seastedt
et al. 1983, Zar 1999). Analysis of variance was
performed to compare the percentage folivory
among sites, with sites as the single random fac-
tor. Correlation among folivory and spatial vari-
ables (total leaf folivory, number of holes per leaf,
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 of increas-
ingly large subsets of leaf folivory were plotted
over subset size, and repeated for multiple ran-
dom orderings of the leaf folivory data. A range
for the mean and standard error of a sample size
less than the total could then be estimated.

Results

Folivory

Folivory was estimated within the entire foliated
period for vine maple, based on phenological
observations (Braun, 2002). Bud break occurred
within several days of 1 May, and leaf expansion
continued for almost 3 wk. Observations were
ended on 11 October because many leaves were
turning color, signaling the beginning of seasonal
leaf drop.

Weekly folivory varied from 0.2 % - 0.8 % on
17 of 23 observation visits. It was below this range
at the beginning and end of the seasonal observa-
tion period, and peaked in May at 1.2 ± 0.2 %
(Figure 1).

The number of leaves observed did not remain
constant over the 23 visits from 6 May to 11 Oc-
tober: of the original 450 leaves, 382 leaves (84.9%)
remained on the last visit. The initial number of
leaves was 438, because 12 leaves abscised be-
fore full expansion, precluding folivory estima-
tion based on the area of fully expanded leaves.

Seasonal folivory was the product of up to 26
holes per leaf, with a mean frequency of 4.6 ±
0.2. Holes were most often on leaf edges (50.3%),
followed by interior areas (43.3%), and areas
adjacent to previous holes (6.2%). The amount
of folivory was significantly correlated with holes
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Figure 1. Weekly folivory produced by lepidopteran larvae from 7 May to 11 October
1999 feeding on tagged vine maple leaves. Data are the mean percentages of
missing portions divided by fully expanded leaf area.

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

The validity of pooling folivory data was sup-
ported by the results of an analysis of variance
comparing folivory among the sites. The sites were
not significantly different from each other. Means
for individual sites were 8.7% ± 1.0, 10.0% ± 1.2,
and 10.9% ± 1.2.

The sufficiency of folivory sampling intensity
was supported by the stability of the mean and stan-
dard error at less than the total sampling effort. Based
on five random orderings of leaf folivory, these sta-
tistics became focused in narrow ranges beginning
with about half the sample leaves (Figure 2a, b).
Based on 50%, 90%, and 100% of leaves, mean
folivory was 9.0% - 10.3% (SE 0.8 - 1.1), 9.9% -
10.2% (SE 0.7), and 9.9% (SE 0.7).
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Folivore Guild

Larval collection visits yielded 397
larvae of which 389 were assigned to
taxa at the family level or below (Table
1). Thirteen taxa were distinguished at
the species level, increasing the num-
ber of previously reported species
known to feed on vine maple by 11.

Taxonomic identifications were
based on reared adults, slides of lar-
vae, and descriptive notes. Because
only about 10% of the eight common
taxa were successfully reared to adult,
these were assigned to major groups
based on family membership and tem-
poral occurrence (Table 1). None of
the less common taxa, represented by

Figure 2. Plots of the mean (A) and the stan-
dard error (B) generated by cumula-
tive resamples of the seasonal
folivory of 2 to 438 vine maple leaves
arranged in five random rankings.



TABLE 1. Lepidopteran larvae collected from vine maple in an old-growth Douglas-fir-western hemlock forest in 1999'.

May June July August
18 21 28 4 17 24 1 14 28 20

Major Groups:
Early Geometridae 36 46 37 29 0 0 0 0 0 0
Tortricidae 0 0 0 5 5 0 1 1 0 1
Late Geometridae 0 0 0 0 31 45 28 2 1 0
Gelechiidae 0 0 0 0 0 1 8 38 32 20

Other Geometridae:
Erannis tiliaria o 0 0 0 0 2 0 0 0 0
Eupithecia sp. o o 0 0 0 0 1 0 0 0
Iridopsis emasculata o o 0 0 1 0 0 2 0 0
Per mizon o o 0 0 1 0 0 0 0 0
Geometrid 1 o o 1 0 0 0 0 0 0 0
Geometrid 2 o o 0 0 0 0 0 1 0 0
Geometrid 3 o 0 0 0 0 0 0 0 1 3

Noctuidae:
Lithophane georgii 0 0 0 0 0 0 0 0 0 1
Amphipyra pyramidoides 0 1 1 1 0 0 0 0 0 0
Phlogophora periculosa 0 0 0 0 1 0 0 0 0 0
Zale sp. 0 0 0 0 0 0 1 0 0 0
Noctuid 1 0 0 0 3 0 0 0 0 0 0

Lasiocampidae:
Phyllodesma americana 0 0 0 0 0 0 0 0 1 0

Saturniidae:
Antheraea polyphemus 0 0 0 0 0 0 0 0 1 0
Total: 36 47 39 38 39 48 39 44 36 25

'Taxa of the Major Groups were as follows: early geometrids: Operophtera bruceata; tortricids:Choristoneura rosaceana,Archips
sp., and Acleris sp.; late geometrids: Itame plumosata, Lambdina fiscellaria lugubrosa, and Neoalcis californiaria; gelechiids:
one or more species.

three or fewer individuals, was successfully reared.
However, because many taxa have distinctive larval
characteristics, 13 of the 22 taxa were identified
to species.

Four groups representing at least eight taxa
made up the bulk of the collections (Table 1). The
first group was present in May and early June
and consisted solely of a geometrid, the Bruce
spanworm (Operophtera bruceata). The second
group was present from mid-June to early July
and consisted of geometrids: the western hem-
lock looper, the brown-lined looper (Neoalcis
californiaria), and Itame plumosata. The third
group was present from June through August and
consisted of at least three tortricids: the
obliquebanded leafroller (Choristoneura rosa-
ceana), and Acleris and Archips species. The fourth
group, present from early July to late August,
consisted of at least one species of a micro-
lepidopteran family, the Gelechiidae.

Low numbers of individuals in at least 14 ad-
ditional taxa were collected or observed (Table
1). Geometrid taxa consisted of the linden looper
(Erannis tiliaria), Eupithecia sp., Iridopsis
emasculata, Pero mizon, and three unknowns.
Noctuid taxa consisted of Lithophane georgii, the
copper underwing (Amphipyra pyramidoides),
Phlogophora periculosa, Zale sp., and one un-
known. One lasiocampid, the lappet moth
(Phyllodesma americana) was collected. One
saturniid, the polyphemus moth (Antheraea
polyphemus) was observed in September on an
herbivory transect but not collected; it was iden-
tified by its distinctive large size and coloration.

Discussion

The 9.9% folivory is similar to the level reported
elsewhere for temperate broadleaved trees, includ-
ing maples (Seastedt et al. 1983, Reynolds and
Crossley 1997). This amount may be a significant
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portion of stand folivory. Based on the projected
leaf area of vine maple relative to the conifers in
the stand, 0.4 ni t compared to 6.5 tri 2 leaf area/m2
forest floor (Thomas and Winner 2000), vine maple
folivory represented —66% of the amount of co-
nifer leaf area consumed, if conifer folivory of
1% is typical.

All identified species were polyphagous (Brown
1962, Furniss and Carolin 1980, Carriere et al.
1995, Miller 1995), confirming our prediction of
a lepidopteran community dominated by gener-
alists. Three of the species also feed on conifers,
reflecting wide host ranges; these are the west-
ern hemlock looper, the obliquebanded leafroller
(Carriere et al. 1995), and Neoalcis californiaria
(Furniss and Carolin 1980). The Bruce spanworm,
the most commonly collected taxon in this study,
feeds on a wide range of other broadleaved trees
and shrubs: alder, apple, blueberry, cherry, hazel,
maple, poplar, rose, serviceberry, and willow
(Brown 1962, Troubridge and Fitzpatrick 1993,
Carriere et al. 1995, Miller 1995). Because
members of these host plant genera are com-
mon in the stand and greater Wind River drain-
age (Franklin and Dyrness 1988, Meyers and
Fredricks 1993), the identified lepidopteran taxa
may be as well.

The sequential nature of the common mem-
bers of the community may represent adaptations
to changes in food quality related to foliage age
and folivore damage. In other maple species, leaf
toughness and tannin content increase over time,
decreasing food value for insect folivores (Hunter
and Lechowicz 1992, Shure et al. 1998). Addi-
tional studies on food choice may distinguish the
importance of host quality from other potential
influences on folivore populations, such as coin-
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