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CANOPY ARTHROPOD RESPONSE TO DENSITY AND DISTRIBUTION

OF GREEN TREES RETAINED AFTER PARTIAL HARVEST

TiMOTHY D. SCHOWALTER,! YANLI ZHANG,?2 AND ROBERT A. PROGAR?

Department of Entomology, Oregon State University, Corvallis, Oregon 97331 USA

Abstract. We measured canopy arthropod responses to six contrasting green-tree re-
tention treatments at six locations (blocks) in western Oregon and Washington as part of
the Demonstration of Ecosystem Management Options (DEMO) study. Treatments were
100% retention (uncut), 75% retention with three 1-ha harvested gaps, 40% dispersed
retention, 40% aggregated retention with five 1-ha uncut aggregates, 15% dispersed reten-
tion, and 15% aggregated retention with two 1-ha uncut aggregates. Arthropods were sam-
pled from upper, mid-, and lower crown levels of one overstory Douglas-fir (Pseudotsuga
menziesii (Mirb.) Franco) and from three understory vine maple (Acer circinatum Pursh)
in each treatment unit during June and August each year to assess seasonal variation in
abundances. Pretreatment data were collected in 1996 and posttreatment data in 1999—
2000. Arthropods showed little evidence of response to treatments, but the abundance of
arthropods on both plant species showed significant variation among blocks, reflecting
responses to environmental gradients at a regional scale. Arthropod abundance also varied
significantly over time in unmanipulated (control) treatments, suggesting sensitivity to
annual changes in weather. Our results suggest that disturbance at this intensity or scale
has little influence on canopy arthropodsin the short term. Future sampling will be necessary
to evaluate the extent to which arthropods respond to changes in environmental conditions
created by these treatments over longer time periods.
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INTRODUCTION

Clearcut harvesting in the montane coniferous for-
ests of the Pacific Northwest has greatly altered eco-
system structure and function. Clearcutting has reduced
the diversity and patch size of forested habitats, and
fragmentation of old growth has led to declines in the
abundance and viability of many forest species. The
resulting network of disturbed habitats and roads has
facilitated colonization and spread of invasive species,
and increased erosion has caused sedimentation of fish-
bearing streams. These changes threaten the integrity
of ecological processes that maintain forest ecosystems
and the sustainability of forest resources (Kohm and
Franklin 1997, Christensen et al. 2000, Sullivan and
Sullivan 2001).

Alternative approaches to managing forest ecosys-
tems for sustainable yields of wood and fiber resources
have focused on more selective methods of harvest to
reduce the extent of canopy-opening and soil distur-
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bance (Carey et al. 1996, Aubry et al. 1999, Franklin
et al. 1999, Christensen et al. 2000, Gram et al. 2001).
These approaches generally retain structural elements
(including live trees) of the forest following partial
harvest. Live (green) trees can be retained at different
densities and/or distributions (e.g., evenly dispersed or
in aggregates). Density of retained treesinfluences can-
opy cover and the penetration of light, water, and air-
flow, affecting vertical and horizontal gradientsin tem-
perature and relative humidity (Parker 1995). The pat-
tern in which trees are retained can also affect envi-
ronmental conditions. Clearcutting creates distinct
edges and sharp gradients in environmental conditions
from exposed open areas to more protected habitat at
the center of fragments, whereas selective cutting re-
duces the contrast between harvested and unharvested
patches. However, the effects of these changesin forest
structure on various plant and animal species are large-
ly unknown.

Forest canopies represent major ecological functions
(e.g., photosynthesis; evapotranspiration; and intercep-
tion of light, water, wind, and nutrients) that control
biomass accumulation and environmental conditions
(Ruangpanit 1985, Chen et al. 1995, Lewis 1998). Ar-
thropods can dramatically alter canopy structure and
function in ways that can stabilize primary production
or interfere with management goals (e.g., Mattson and
Addy 1975, Romme et al. 1986, Schowalter 2000). For
example, low-intensity foliage feeding by insects can
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stimulate nutrient turnover and increase tree growth
(Alfaro and Shepherd 1991), whereas high-intensity
feeding can reduce tree growth and ultimately lead to
tree mortality and opening of the canopy (Schowalter
et al. 1986).

Effects of changes in tree density and distribution
on arthropod abundances and community structure are
not well understood (Barker and Pinard 2001, Foggo
et al. 2001). Some arthropod species respond positive-
ly, others negatively, and some show no response to
canopy-opening disturbances or to forest edges, de-
pending on their adaptations to temperature, relative
humidity, changes in plant growth, foliage chemistry,
exposure to predators, and other factors (Schowalter et
al. 1981, Schowalter 1985, 1995, Shure and Phillips
1991, Schowalter and Turchin 1993, Shure and Wilson
1993, Dudt and Shure 1994, Ozanneet a. 1997, Roland
and Taylor 1997, Schowalter and Ganio 1999). Tree
spacing also affects the ability of host-seeking insects
to find or reach suitable resources. Insects have limited
energy reserves and may be unable to travel between
widely spaced hosts. Furthermore, many insects rely
on detection of volatile chemicals to locate mates or
suitable resources (Amman et al. 1988, Harborne 1994,
Roelofs 1995, Cardé 1996). Canopy opening creates
convection zones that carry these chemicals above the
canopy, impeding detection and colonization of re-
sources by insects (Fares et al. 1980). Few arthropod
species have been studied sufficiently to predict re-
sponses to changes in tree spacing.

Because insects are small and reproduce rapidly,
population sizes can change quickly in response to
changes in environmental conditions, such as those re-
sulting from timber harvest (Schowalter 1985). Canopy
opening generally increases the abundance of sap-suck-
ing herbivores (such as aphids and scale insects) and
stump-feeding insects, and reduces the abundance of
folivores (foliage-chewing herbivores such as cater-
pillars and beetles), bark beetles, predators, and detri-
tivores (Schowalter et al. 1981, Witcosky et al. 1986,
Shure and Phillips 1991, Schowalter and Turchin 1993,
Schowalter 1995, Roland and Taylor 1997, Schowalter
and Ganio 1999, Work 2000). Therefore, we would
expect varying amounts and distributions of green trees
retained after partial harvest to affect arthropod species
and functional groups in different ways over short time
periods.

We compared changes in canopy arthropod abun-
dances on overstory Douglas-fir (Pseudotsuga menzie-
sii [Mirb.] Franco) and understory vine maple (Acer
circinatum Pursh) among six green-tree retention treat-
ments as part of the Demonstration of Ecosystem Man-
agement Options (DEMO) study in western Oregon and
Washington (Aubry et al. 1999, Progar et al. 1999).
We expected that abundances of sap-sucking species
would increase, and abundances of folivores, detriti-
vores, and predators would decrease, at lower levels of
overstory retention, as a result of their differential re-
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Fic. 1. Experimental design for retention treatments in
the Demonstration of Ecosystem Management Options
(DEMO) study. In aggregated treatments, dark gray repre-
sents intact forest, and white represents adjacent harvest ar-
eas. Each experimental unit is 13 ha. Treatments were rep-
licated in each of six blocks in western Oregon and Wash-
ington. The figure is reprinted from Halpern and McKenzie
(2001) with permission from Elsevier Science.

sponses to changes in temperature, relative humidity,
and plant growth rate (Shure and Phillips 1991, Schow-
alter 1995). Furthermore, we expected that responses
to harvest would be more pronounced at the edges of
forest aggregates (or forest gaps) than in more interior
locations, given the greater degree of exposure to solar
radiation at edges (Roland and Taylor 1997, Work
2000, Foggo et al. 2001).

METHODS

The DEMO study was established at six locations
(blocks) dominated by 65- to 170-yr-old Douglas-fir
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TABLE 1.
of the six green-tree retention treatments.
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Posttreatment (1999—2000) abundances, mean (and sE), of arthropod functional groups on Douglas-fir, in each

Posttreatment abundance (no. arthropods/kg plant material)

Taxon or measure 100% 75%A 40%D 40%A
Folivores 9.7 (7.9) 4.7 (1.7) 38.3 (33.2) 10.3 (7.0)
Sap-suckers 22.0 (5.8) 30.3 (16.4) 22.6 (5.6) 19.0 (4.3)
Gallformers 0.7 (0.5) 0.8 (0.4) 7.0 (6.1) 1.9 (0.9)
Predators 33.8 (7.9) 24.8 (5.2) 33.4 (11.7) 35.5 (8.9)
Detritivores 79.3 (19.0) 52.9 (12.0) 92.1 (57.2) 57.9 (19.7)
Total abundance 191.1% (28.3) 136.1° (23.7) 268.4% (70.5) 284.1%* (87.5)
Shannon-Weiner index 2.1 (0.2) 2.4 (0.1) 1.9 (0.2) 2.0 (0.3)
Predator—prey ratio 0.4 (0.1) 0.2 (0.1) 0.1 (0.2) 0.4 (0.2)

Notes: Data represent the pooled abundance of June and August samples (n = 6 replicates). Treatment codes: 100%,
control; 75%A, 75% aggregated retention; 40%D, 40% dispersed retention; 40%A, 40% aggregated retention; 15%D, 15%
dispersed retention; 15%A, 15% aggregated retention. Treatment means followed by different letters were significantly

different based on Tukey’s multiple comparison test.
* P < 0.05; ** P < 0.01; *** P < 0.001.

forests in western Oregon and Washington: Dog Prairie
(DP) and Watson Falls (WF) in the Umpgua National
Forest in southwestern Oregon; Capitol State Forest
(CF) southwest of Olympia, Washington; and Butte
(BU; see Plate 1), Paradise Hills (PH), and Little White
Salmon (LW) in the Gifford Pinchot National Forest
in southwestern Washington (Aubry et al. 1999). Six
treatments were randomly assigned to six, 13-ha treat-
ment units in each block (Fig. 1): (1) 100% retention
(100%); (2) 75% aggregated retention, with three 1-ha
harvested gaps (75%A); (3) 40% dispersed retention
(40%D); (4) 40% aggregated retention, with five 1-ha
uncut aggregates (40%A); (5) 15% dispersed retention
(15%D); and (6) 15% aggregated retention, with two
1-ha uncut aggregates (15%A). Treatment plots were
surrounded by a 40- m buffer of the same forest type;
plots within blocks generally were separated by 1-10
km.

Canopy arthropods were sampled in 1996 (pretreat-
ment) and in both 1999 and 2000 (posttreatment). Har-
vests were completed at BU and PH during summer/
fall 1997; at CF during winter/spring 1998; and at DP,
LW, and WF during summer/fall 1998. One dominant
Douglas-fir in each treatment unit was rigged for can-
opy access in 1996 (i.e., six replicate trees per treat-
ment). In aggregated retention units, the sample tree
was near the center of a planned aggregate. Following
treatment, an additional Douglas-fir at the edge of the
aggregate was rigged for canopy access. The same
tree(s) in each treatment unit were sampled each year.
This design precluded assessment of within-plot vari-
ation of arthropod abundance but was sufficient for
statistical analysis of treatment effects, since samples
from multiple trees within plots would be pooled by
plot (the independent unit of replication) for statistical
analysis (Hurlbert 1984). Previous studies have indi-
cated that this experimental design is adequate to detect
significant differences in canopy arthropod abundances
among stands with contrasting canopy structures. For
example, 12 of 45 taxa and functional groups evaluated

by Schowalter (1995) and 16 of 57 taxa and functional
groups evaluated by Schowalter and Ganio (1999)
showed significant differences in abundance among
plots, of different age or intensity of canopy-opening
disturbance, where a single tree of each species was
sampled in each plot.

In addition, three understory vine maples were sam-
pled in each treatment unit in the three blocks in which
it was common (BU, CF, and LW). Vine maple is a
widespread, and often dominant, component of the un-
derstory in these coniferous forests (Franklin and Dyr-
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Fic. 2. Detrended correspondence analysis (DCA) of ar-
thropod abundances (taxa in >5% of samples) on Douglas-
fir before (1996, open symbols) and after (mean of 1999 and
2000, closed symbols) each of six green-tree retention treat-
mentsin six blocksin western Oregon and Washington. Num-
bers represent treatments: 1, 100%; 2, 75%A; 3, 40%D; 4,
40%A; 5, 15%D; 6, 15%A (see Methods and Fig. 1 for de-
scription of treatments). Lines connect pretreatment and post-
treatment data for each treatment unit. Data represent pooled
abundances from June and August for each sample.
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TaBLE 1. Extended.
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Posttreatment abundance
(no. arthropods/kg plant material)

Treatment Block
15%D 15%A MSE F Fsos Fsos
7.2 (5.3) 6.0 (1.9) 1.3 0.9 0.5 13
21.1 (10.7) 24.2 (5.0) 0.4 1.9 0.4 3.4*
6.4 (6.3) 43.3 (41.7) 0.9 3.8 0.9 6.7**
23.5(7.9) 47.4 (14.5) 0.2 34 1.7 5.1**
48.1 (17.3) 77.5 (17.4) 0.4 5.8 1.3 10.3%**
178.3* (51.6) 308.32 (54.8) 0.2 3.2 2.8* 3.7**
1.8 (0.4) 1.9 (0.3) 0.0 4.6 1.3 7.9%**
0.2 (0.1) 0.4 (0.2) 0.0 2.6 0.9 4.3%*

ness 1988). In aggregated treatment units, vine maples
were sampled near the center of the same aggregate
used for sampling Douglas-fir. Following treatment,
three additional vine maples were selected at the edge
of the chosen aggregate.

Samples from Douglas-fir were collected by climb-
ing each tree using the single-rope technique, quickly
slipping a plastic bag over a foliated branch (0.5 m,
30-50 g dry mass), clipping the branch, and sealing
the bag. Each tree was sampled at three canopy levels,
upper (within 5 m of top), mid, and lower (within 5m
of lowest foliated branches), without regard to aspect,
in June and August each year to capture variation in
arthropod abundance resulting from seasonal changes
in climate and foliage development (Schowalter 1995,
Schowalter and Ganio 1998). Samples from vine maple
were collected at the same time from the ground by
quickly slipping a plastic bag over a foliated branch
(as above). This sampling technique emphasizes the
sedentary fauna that is present on foliage and twig
surfaces at any given sampling time (e.g., aphids, cat-
erpillars, spiders, mites), but tends to underrepresent
highly mobile species that could be alarmed and escape
(Schowalter 1995, Schowalter and Ganio 1999). Other
sampling techniques have different biases. For exam-
ple, interception traps emphasize flying adult insects
which may or may not be associated with a particular
plant or even a particular treatment unit, whereas can-

TABLE 2.
and interior trees in aggregated retention treatments (15%A,

opy foggers emphasize unattached arthropods that
reach collectors on the ground, but exclude many small
arthropods that are intercepted by vegetation (e.g., Ma-
jer and Recher 1988, Blanton 1990).

Samples were sorted in the laboratory by inspecting
bags for mobile arthropods, then scanning samples un-
der adissecting microscope (10x) and collecting, iden-
tifying, and tabulating all arthropods. Plant material
was dried at 50°C to constant mass. Arthropod abun-
dances were standardized as number per kilogram of
plant sample (including woody material).

DATA ANALYSES

Arthropod taxa often are categorized by functional
group to focus on similar resource utilization strategies
(Romoser and Stoffolano 1998). For comparative pur-
poses, we followed previous functional group desig-
nations (see Schowalter et al. 1981, Schowalter 1995,
Schowalter and Ganio 1999), including folivores (all
foliage chewing caterpillars, sawflies, beetles), sap-
suckers (primarily aphids, scale insects, and leafhop-
pers), gall-formers (primarily gall midges), predators
(especially spiders, mites, beetles, snakeflies, and true
bugs), and detritivores (primarily bark lice, springtails,
oribatid mites, and fungus gnats). However, species
within functional groups may respond to environmental
changes in different ways (Schowalter et al. 1999).
Therefore, we analyzed data for individual species that

Posttreatment (1999-2000) abundances, mean (and sg), of arthropod functional groups on Douglas-fir, on edge

40%A, and 75%A).

No. arthropods/kg

MSE

B Treatment X
plant material Whole plot Split plot Treatment Position  position

Taxon or measure Edge Interior (treatment) (position) Faos Fiss Faos
Folivores 12.0 (4.4) 7.0 (2.4) 1.3 0.4 0.9 14 0.8
Sap-suckers 48.8 (17.5) 24.6 (5.6) 0.8 0.8 19 1.0 0.8
Gallformers 35(3.2) 15.3 (13.9) 15 1.0 0.1 2.0 25
Predators 31.4 (5.4) 35.9 (6.0) 0.4 0.2 15 1.1 1.4
Detritivores 54.4 (9.8) 62.8 (9.4) 0.8 0.2 1.0 12 1.6
Total abundance 191.9 (25.0) 242.9 (37.9) 0.2 0.3 3.6 15 1.0
Shannon-Weiner index 2.3(0.2) 2.1 (0.2) 0.1 0.0 1. 1.9 11

Notes: Data represent the pooled abundance of June and August samples (n = 6 replicates). See Table 1 for treatment

definitions.
* P < 0.05 ** P < 0.01; *** P < 0.001.
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TaBLE 3. Posttreatment (1999—2000) abundances, mean (and se), of arthropod functional groups on vine maple, in each

of the six green-tree retention treatments.

Abundance (no. arthropods/kg plant material)

Taxon or measure 100% 75%A 40%D 40%A
Folivores 52.4 (32.8) 18.4 (7.9) 7.5 (3.7) 5.8 (5.8)
Sap-suckers 405.4 (197.0) 115.3 (102.0) 124.9 (34.2) 158.4 (92.9)
Gallformers 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Predators 236.9 (180.4) 39.5 (20.6) 69.7 (35.9) 134.4 (50.5)
Detritivores 57.0 (57.0) 58.3 (29.3) 491.7 (451.1) 100.7 (45.1)
Miscellaneous 20.6 (18.4) 24.0 (11.9) 73.5 (31.2) 112.8 (75.9)
Total abundance 772.3 (356.0) 255.5 (150.0) 767.2 (443.0) 512.0 (148.1)
Shannon-Weiner index 1.5 (0.3) 1.8 (0.2) 1.3 (0.4) 1.9 (0.3)
Predator—prey ratio 0.3 (0.2) 0.3 (0.1) 0.6 (0.4) 0.4 (0.3)

Notes: Data represent the pooled abundance of June and August samples (n = 3 replicates). See Table 1 for other details.

were sufficiently abundant. We also calculated total
abundance of arthropods, predator—prey ratio, and the
Shannon-Wiener diversity index (Magurran 1988) for
each sample.

Datawere pooled for the three canopy level s sampled
(upper, mid-, and lower) on each host tree to represent
the total arthropod community present, and to ensure
sufficient data for analyses. In aggregated retention
treatments, only interior trees were used in analyses of
treatment effects. Residuals from untransformed data
for the 20 most abundant taxa (for the combined 3-yr
data set) and for functional groups were assessed for
normality and equal variances. Results indicated afail-
ure to meet either assumption. Therefore, data were
transformed to their natural logarithms (y + 1), achiev-
ing homogeneity of variances and normality for most
taxa and groups (Christensen 1996). However, pooling
and transformation did not normalize data for several
taxa due to insufficient abundance in some treatment
units, but were an improvement over untransformed
data.

We tested the null hypotheses that arthropod abun-
dances on Douglas-fir and vine maple did not differ
among treatments using ANOVA on transformed data
for arandomized complete block design. For each tree
species sampled, we conducted tests on the mean of
the posttreatment samples (1999 and 2000), and on the
difference between the mean pre- and posttreatment
abundances for each arthropod species or functional
group (Gram et al. 2001). We also analyzed June and
August samples separately to test whether treatment
effects differed with season. All ANOVAS were con-
ducted using the PROC GLM procedurein SASversion
8.2 (SAS Institute 2001). Tukey’'s multiple comparison
test was used to compare means for taxa showing sig-
nificant treatment effects.

The large number of taxa analyzed in this study in-
creases the probability of Type | error, i.e., we expect
onetaxon per 20 analyzed to show significant responses
erroneously (P = 0.05). However, we expect the same
error rate if these species were studied and reported
individually. Evaluation of multiple taxa in this study
has the advantage of indicating the degree of consis-

tency of responses to treatments among taxa (e.g., Mor-
an 2003). Furthermore, analyzing multiple taxa should
reduce the probability of Type Il error, i.e., some taxa
should show nonsignificant responses erroneously, but
if treatments have general effects among taxa or func-
tional groups, then some should show significant re-
Sponses.

We further investigated the effects of level and pat-
tern of green-tree retention on arthropod community
composition with detrended correspondence analysis
(DCA). DCA is an ordination technique that is partic-
ularly useful for analyses of ecological data sets based
on samples and species (Hill and Gauch 1980). For
each arthropod community sampled (Douglas-fir and
vine maple), separate analyses were conducted on post-
harvest data (mean of 1999 and 2000 samples), and on
pre- and postharvest data sets. Data transformation
(logy (y + 1)) was performed to reduce beta diversity,
sampling unit and taxa skewness, and the coefficient
of variation among taxa and functional groups (Chris-
tensen 1996). Taxa occurring in <5% of the units sam-
pled were excluded and rare species downweighted.
Blocked multiple response permutation procedure
(MRPP, based on Euclidean distance) was then used to
test for compositional differences among treatments
based on postharvest data. MRPP is a nonparametric
procedure for testing the hypothesis of no difference
between two or more groups of entities. MRPP has the
advantage of not requiring assumptions of distribution
(such as normality and homogeneity of variances) that
are seldom met in ecological community data (Biondini
et al. 1985, Mielke and Berry 2001). We used PC-ORD
(version 4) for both DCA and MRPP (McCune and
Mefford 1995).

In addition, we tested whether arthropod responses
differed between trees located at the edge and interior
of the aggregated retention treatments for both Doug-
las-fir and vine maple. Split-plot ANOVAS were used
to test for effects of position within treatments (edge
vs. interior) and its potential interaction with level of
retention (15%A, 40%A, and 75%A). Where significant
interactions were observed, paired t tests were used to
compare the means of positions within treatments.
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Abundance (no. arthropods/kg plant material)

Treatment Block

15%D 15%A MSE F Fso Fao
29.5 (14.1) 41.0 (37.4) 34 0.6 0.6 0.6
55.9 (13.2) 226.7 (43.2) 0.9 25 1.6 4.6%
17.4 (17.4) 0.0 (0.0) 0.9 1.0 1.0 1.0
194.0 (116.4) 81.8 (14.7) 1.9 1.1 0.9 1.6
33.7 (18.3) 21.0 (9.9) 2.4 1.7 1.7 1.8

241.2 (124.5) 54.5 (27.3) 1.9 3.3 1.2 8.5%*
571.7 (136.1) 425.0 (25.2) 0.6 0.9 1.0 0.5
1.8 (0.4) 1.5 (0.2) 0.0 1.9 1.1 3.9
0.4 (0.3) 0.2 (0.0) 0.1 0.2 0.3 0.1

REsULTS Few taxa showed evidence of position effects (edge

Over 200 arthropod taxa were collected during this
study; 158 taxa were collected on Douglas-fir, of which
77 occurred in at least 5% of samples, and 90 taxa on
vine maple, of which 57 occurred in at least 5% of
samples. Most taxa occurred too infrequently for sta-
tistical analyses, but all were included in abundances
used in analyses of functional groups and taxonomic
diversity. The arthropod community on Douglas-fir was
dominated by several species of aphids (Cinara spp.
and Elatobium abietinum (Walker)), adelgids (Adelges
cooleyi (Gillette), an exotic species), and thrips. The
community on vine maple was dominated by the Cal-
ifornia maple aphid (Periphyllus californiensis (Shin-
ji), an exotic species).

Douglas-fir

We were unabl e to detect significant treatment effects
for most taxa, whether analyses were based on post-
treatment data or on differences between pre- and post-
treatment means. Of 26 tests on postharvest abundance,
only two taxa showed a significant response to treat-
ment (Table 1; Appendix: Table Al): Psocoptera
(15%A > 15%D) and total arthropods (15%A >
75%A). When analyzed seasonally, however, Psocop-
tera responses were significant in August (15%A >
15%D, 40%D, and 40%A), but not in June. In contrast,
17 of 25 taxa and functional groups showed significant
variation in abundance among blocks, as did predator—
prey ratio and arthropod diversity (Table 1; Appendix:
Table Al).

Detrended correspondence analysis (DCA) of both
pre- and postharvest samples confirmed the results of
univariate analyses in showing distinct clustering of
treatment units by block (Fig. 2). DCA separated pre-
and postharvest samples (low and high scores on Axis
1, respectively), but there was no evidence that the
magnitude or direction of change was related to treat-
ment. Results of blocked MRPP based on postharvest
data were consistent with this result; treatments did not
differ in species composition (A statistic = 0.0078, P
= 0.14)

vs. interior trees) in aggregated treatments. Miridae and
Psocoptera were significantly more abundant on inte-
rior than on edge trees (Table 2; Appendix: Table A2).
For Psocoptera, however, this effect was apparent in
August, but not in June (data not shown). Three taxa
(Syrphidae, Scapheremaeus, and Acaridae) showed a
significant treatment-by-position interaction (P =
0.03). For these taxa, subsequent t tests revealed sig-
nificant effects of position primarily at lower levels of
retention: Acaridae were more abundant on interior
trees in 15%A (but the opposite was true in 75%A),
and Scapher emaeus and Syrphidae were more abundant
on edge trees in 15%A and 40%A, respectively. Ar-
thropod diversity did not differ between edge and in-
terior positions (Table 2).

Vine maple

Patterns for arthropods on vine maple were generally
similar to those on Douglas-fir. Only a single taxon,
Camisia carrolli (Andre), showed a significant re-
sponse to treatment (postharvest means for 40%A >
75%A, 40%D, and 15%D; Table 3; Appendix: Table
A3). Geometrid larvae showed a significant response
to treatment in August (P = 0.04), but not in June.
Several taxa common in pretreatment samples were
absent after treatment (Gallformers, Formicidae, Hy-
pogasturidae, and Acaridae). Detrended correspon-
dence analysis suggested a convergence (toward the
mid-left of the ordination) in species composition
among treatment units after harvest (Fig. 3). Blocked
MRPP indicated no significant differences in posthar-
vest species composition among treatments (A statistic
= —0.0005, P = 0.49)

As with Douglas-fir, few taxa on vine maple showed
aresponse to position (edge vs. interior) within aggre-
gated treatments. Cantharid beetles were significantly
more abundant on edge maples and linyphiid spiders
on interior maples (Table 4; Appendix: Table A4). Chi-
ronomid flies and thrips sp. 2 showed significant treat-
ment-by-position interactions. Both showed signifi-
cantly greater abundance at forest edges at 15% reten-
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Fic. 3. Detrended correspondence analysis (DCA) of ar-
thropod abundances (taxa in >5% of samples) on vine maple
before (1996) and after (mean of 1999 and 2000) treatment
in each of six green-tree retention treatments in three blocks
in western Washington. Lines connect pre- and posttreatment
data for each treatment unit. See Fig. 2 for other details.

tion, but no differences in abundance at higher levels
of retention. Arthropod diversity did not differ between
edge and interior positions on vine maple (Table 4).

DiscussioN

This study was designed to evaluate arthropod re-
sponses to strongly contrasting densities and distri-
butions of live trees retained during partial harvest of
mature coniferous forests in the Pacific Northwest. Few
taxa showed significant responses to treatment or to
position within aggregated treatments, but many taxa
varied significantly in abundance among blocks. This
latter variation is not surprising given the latitudinal
gradient (270 km) encompassed by sample locations
(Progar and Schowalter 2002).

There are several possible explanations for the ap-
parent absence of significant treatment effects in this

TIMOTHY D. SCHOWALTER ET AL.

Ecological Applications
Vol. 15, No. 5

study. First, we observed marked changesin abundance
and species composition in control treatmentsover time
(1996 vs. 1999 and 2000), suggesting that effects of
harvest treatments may simply have been masked by
annual fluctuations in weather. Second, sampling in-
tensity within treatment units (one Douglas-fir) may
have been insufficient to capture true treatment means.
However, we found virtually identical results for vine
mapl e, for which we sampled threeindividual s per unit.
Finally, responses to treatments may have varied
among blocks, but assessment of treatment X block
interactions would have required within-block repli-
cation of treatments. Schowalter et al. (2003) found
that forest-floor arthropod assemblages responded dif-
ferently among blocks to variable-density retention
treatments, reflecting distinct initial conditions result-
ing from different management histories. We also note
that our data are based on abundance per kilogram of
plant sample. If arthropod intensity (number per kilo-
gram) does not differ significantly among treatments,
then abundance per hectare should be proportional to
the density of retained trees, i.e., arthropod density
(number per hectare) would decline along with the den-
Sity of trees.

In previous studies, abundances of 25-30% of can-
opy arthropod taxa varied significantly among Doug-
las-fir age classes (Schowalter 1995, Progar and
Schowalter 2002), but not between undisturbed and
green-tree retention stands (Schowalter 1995). Gener-
ally, sap-sucking taxa, such as aphids and scal e insects,
respond positively and dramatically, whereasfolivores,
predators, and detritivores respond negatively, to can-
opy-opening disturbances (Schowalter and Ganio
2003). In eastern deciduous forests, many arthropod
taxa responded significantly to changes in abiotic or
plant conditions following canopy-opening disturbance
(Schowalter et al. 1981, Shure and Phillips 1991,
Schowalter and Ganio 1999). For example, Shure and
Phillips (1991) found that arthropod abundance was
significantly affected by gap size, with interior forest
species declining, and species characteristic of open
habitats increasing, with gap size. Ozanne et al. (1997)
and Roland and Taylor (1997) reported reduced abun-

TABLE 4. Posttreatment (1999-2000) abundances, mean (and se), of arthropod functional groups on vine maple, on edge
and interior trees in aggregated retention treatments (15%A, 40%A, and 75%A).

No. arthr ki MSE
Biant moteria i  Treatment
Whole plot Split plot Treatment Position position
Taxon or measure Edge Interior (treatment) (position) Fa10 Fi10 Fa10
Folivores 219 (5.2) 21.7 (12.3) 21 21 0.6 1.2 0.8
Sap-suckers 716.2 (348.6) 166.8 (44.8) 5.3 2.2 1.6 0.0 0.5
Gallformers 19.3 (19.3) 0.0 (0.0) 1.0 15 1.0 1.0 1.0
Predators 94.8 (23.0) 85.2 (21.3) 1.6 1.0 31 0.2 0.1
Detritivores 54.0 (18.4) 60.0 (19.5) 2.3 1.3 0.0 11 2.7
Miscellaneous 85.4 (25.1) 63.8 (26.9) 1.6 1.3 1.3 1.8 0.8
Total abundance 991.6 (366.3) 397.5 (71.9) 12 0.3 25 24 0.1
Shannon-Weiner index 1.5 (0.2) 1.7 (0.1) 0.1 0.0 0.0 2.7 0.9

Note: See Table 2 for other details.
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PLATE 1.
(clockwise from upper left) are 75% aggregated (75%A) and 40% aggregated (40%A) retention; 40% dispersed (40%D)
retention; 15% dispersed (15%D) retention; and 15% aggregated (15%A) retention. Plots are 13 ha; circular gaps or aggregates
are 1 ha each. The 100% retention (untreated) plot is similar to the matrix surrounding the treated plots. Photos courtesy of
the U.S. Forest Service (top two photos by Jon Nakae and Jim White; bottom two by Tom Savage).

dances of predaceous arthropods at forest edges. How-
ever, Gram et al. (2001) reported results similar to ours
for folivorous caterpillars (although their canopy-open-
ing treatments removed only 10% of the canopy), with
responses within the range of background variation.
They found that the number of significant responses
increased from the first to the second year after treat-
ment, suggesting that treatment effects could become
more apparent over longer time periods, or if a larger
proportion of the landscape were affected.
Arthropods in the upper canopy of forests may be
relatively resistant to increased exposureresulting from
canopy opening. By contrast, forest-floor arthropods
may be more sensitive to altered microclimate, espe-
cially to desiccation resulting from increased solar ex-
posure of the forest floor following canopy opening
disturbance (Niemela et al. 1992, Niemela and Spence
1994, Work 2000, Schowalter et al. 2003). Our sam-
pling method emphasized arthropods from the rela-
tively sheltered interior of tree crowns of overstory
dominants. However, arthropods on vine maple, gen-
erally shaded prior to treatment, also showed little re-
sponse to canopy opening and increased solar exposure.
Although arthropod responses to green-treeretention
treatments in this study generally were not significant,
these data are important for management decisions. Ar-

Demonstration of Ecosystem Management Options plots at the Butte (BU) block near Randall, WA. Treatments

thropods represent 80—90% of the diversity of plant
and animal species in forests (Schowalter 2000) and
can dramatically affect forest structure and function in
ways that can stabilize primary production or interfere
with management goals (Mattson and Addy 1975,
Schowalter 2000).

Management for arthropod diversity and abundance
may require greater attention to responses at larger spa-
tial scales and over longer time periods. Changes in
forest structure are known to increase the likelihood of
outbreaks of some insect populations (Witcosky et al.
1986, Amman et al. 1988, Schowalter and Turchin
1993). Changes in plant species composition or growth
patterns resulting from changes in harvest practices
also affect arthropod diversity and abundance (e.g.,
Schowalter and Ganio 1998). The results of this study
suggest that arthropods are more sensitive to large-
scale gradients in environmental conditions or annual
fluctuations in weather, than they are to local changes
in canopy structure. However, further study will be
necessary to determine whether, in the long term, per-
sistent differences in canopy environment or host con-
dition lead to differential reproduction or survival of
arthropods.
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APPENDIX

Tables showing mean posttreatment abundances of the 20 most abundant arthropod taxa on Douglas-fir by functional group
in each of the six green-tree retention treatments, on Douglas-fir by functional group on edge and interior trees in aggregated
retention treatments, on vine maple by functional group in each of the six green-tree retention treatments, and on vine maple
by functional group on edge and interior trees in aggregated retention treatments are available in ESA’'s Electronic Data

Archive: Ecological Archives A015-047-A1.



