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Abstract: Insects respond to changes in microhabitat caused by canopy
disturbance, and thus can be used to examine the ecological impacts of
harvesting. Single-tree selection harvesting is the most common silvicul-
tural system used to emulate local small-scale natural disturbance and
maintain uneven-aged forest structure in temperate forests. Here, we test
for differences in richness, abundance, and composition of hymenopteran
and saproxylic insect assemblages at four different taxon levels (selected
insect orders; and all hymenopteran families, and braconid subfamilies
and morphospecies) between the canopy and understory of unharvested
and single-tree selection harvested sites in a northern temperate forest
from central Canada. Harvesting had no effect on insect assemblage
richness, composition or abundance at the three highest taxon levels
(order, family and subfamily). Similarly, richness and abundance at the
lowest-taxon level (braconid morphospecies) were similar, although
composition differed slightly between unharvested and harvested stands.
Insect assemblages were vertically stratified, with generally higher abun-
dance (for Diptera, Hymenoptera, some hymenopteran families and bra-
conid subfamilies) and richness (for braconid morphospecies) in the
understory than the canopy. In particular, composition of the braconid
morphospecies assemblage showed relatively low similarity between the
understory and canopy. Single-tree selection harvesting appears to influ-
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ence wood-associated insect taxa only subtly through small changes in
community composition at the lowest taxon level, and thus is recom-
mended as a conservative approach for managing these northern temper-

ate forests.

Keywords: selection harvesting; insect communities; canopy insects;
Jack pine forests; forest management; high-taxon level; insect conserva-

tion

Introduction

Many insects respond to environmental changes caused by forest
and canopy disturbance, and thus can be used as indicators of
forest ecosystem health under varying management regimes
(Niemeld 1997; Hammond et al. 2001; Pohl et al. 2007; Maleque
et al. 2009). Selection (either single-tree or group) silvicultural
systems, used traditionally in both tropical and temperate forests,
create openings through tree removal and lead to uneven-aged,
species-rich stands. By leaving much of the low-grade trees and
branches on-site, they also provide a constant source of woody
material that decays through time on the forest floor and acts as a
nurse-bed to a wide range of saproxylic organisms. Many insect
groups play key roles in forest ecosystems; however, studies on
insect responses to selection cutting in northern temperate forests
are limited focusing primarily on carabid beetles (Ulyshen et al.
2006, and references therein); other ecologically important insect
groups, such as saproxylic insects and hymenopteran parasitoids,
have been neglected.

Studies in temperate forests show that both hymenopteran
(Deans et al. 2005) and saproxylic (Bouget 2005; Miiller et al.
2007) insects are sensitive to forest harvesting and gap formation.
Hymenopterans, in particular, have high diversity and play key
roles in ecosystem functioning, including pollination, herbivory,
predation, nutrient-cycling and parasitism. The largest group in
this order, the superfamily of parasitoid wasps, which includes
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major families such as Braconidae, Ichneumonidae, and Chalci-
doidea (Wharton 1993), are particularly sensitive to habitat
change due to their high degree of specialization and upper posi-
tion in trophic webs (LaSalle and Gauld 1993; Shaw and Ho-
chberg 2001). The dipteran family Tachinidae, a large parasitoid
taxon of forest insects residing outside the order Hymenoptera,
has also been shown to respond to forest harvesting (Deans et al.
2005). Both of these parasitoid groups form diverse, complex
food webs with wood-inhabiting or saproxylic insects, and have
been shown to be indicators in either boreal (for dipterans includ-
ing Dolicopodidae, Syrphidae, and Mycetophilidae; Deans et al.
2005; Makino et al. 2006) or temperate (for coleopterans includ-
ing Scolytidae, Cerambycidae, Curculionidae, and Staphylinidae;
Huhta et al. 1967; Pohl et al. 2007; Niklas and G6tmark 2008)
forests.

Selection harvesting, of either single trees or groups of trees, is
repeated over long periods to ensure a continuous supply of di-
verse, high-quality hardwood forest products. These periodic
harvests attempt to emulate local-scale natural disturbances, such
as tree falls or wind damage, by creating forest gaps that open up
the stand for regeneration (Smith et al. 1997) and change envi-
ronmental conditions (Beaudet and Messier 2002). Selection
harvesting has been equated with the removal of only valuable
single-tree species (so called ‘high-grading’), but under the cur-
rent standards of sustainable forest management (i.e. Forest
Stewartship Council (FSC) certification) it also encompasses the
cutting of less valuable trees (i.e. ‘low-grading’) in order to im-
prove stand structure and species diversity in addition to long-
term wood quality and supply. The selection silvicultural system
is recommended for the management of northern deciduous for-
ests (Nyland 1987), and is considered to maximize the produc-
tion of high-quality products with relatively low environmental
impact (OMNR 1998). Yet, little is known about the effects of
selection harvesting on native animal communities, either verte-
brates (e.g., Thompsen et al. 1995; Menzel et al. 2002; Doyon et
al. 2005) or invertebrates (e.g., Vance and Nol 2003; Moore et al.
2004). Animal assemblages play different roles in the function-
ing of forest ecosystems and some groups are important indica-
tors of forest health in stands that are managed sustainably for a
range of benefits. Here, we compare insect communities between
unharvested sites and sites under low-grading single-tree selec-
tion cutting to understand the effects of this harvesting system on
natural communities and make sustainable management recom-
mendations that will maintain biodiversity in northern temperate
forests.

Environmental and biological variability from the understory
to the canopy appears to influence the vertical distribution of
insect fauna in forested ecosystems (Basset et al. 2003). Such
work is limited; however, to a few insect groups and results are
inconsistent in terms of the differences in species richness and
composition between the canopy and understory. In tropical
forests, insects can be more diverse in the canopy (e.g. herbivore,
Basset et al. 2001) or in the understory (e.g. flying insects, De
Dijn 2003), or diversity can be similar in both vegetation strata
(DeVries et al. 1997; Basset et al. 2001). The general pattern
seems to indicate that sessile homopterans and formicids, unlike
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most actively flying insects, will be richer and more abundant in
the canopies of tropical trees than in their understories (De Dijn
2003). In northern temperate forests, vertical stratification of
insects has been reported for herbivore assemblages using branch
sampling (e.g., Le Corf and Marquis 1999). Similarly, in the first
study to sample insects with Malaise traps in temperate forest
canopies, differences were found between the canopy and under-
story in richness, abundance or composition of hymenopteran
families, mymarid genera, and cerambycid species (Vance et al.
2003, 2007). Here, we examine the richness, abundance, and
composition of selected insect groups in the canopy and under-
story of unharvested and selection-harvested forests to test
whether single-tree selection harvesting will be a factor in insect
vertical distribution. We focus on selected saproxylic assem-
blages and their associated predaceous and parasitic families at
four taxon levels (order, hymenopteran family, braconid subfam-
ily, and braconid morphospecies) in order to assess their com-
parative sensitivity to forest change and to better understand the
impact of single-tree selection harvesting on insect biodiversity.

Materials and methods
Study design

To analyze differences in insect species richness and abundance
between harvesting treatments, vegetation strata and their inter-
actions, we used ANOVA in a split block design with three sites
as blocks, harvesting treatment as the main factor and vegetation
strata as the split factor. In each site, we selected an unharvested
and a harvested stand (the harvesting treatment in the split block
design). In each of the selected harvested and unharvested stands,
two sampling stations were established at least 50-m apart. Data
from different sampling stations were considered independent
observations, because we assumed that the operation of traps
from a sampling station will not influenced the capture in traps at
the other sampling station. At each sampling station, insects were
collected in the canopy and in the understory; thus, vegetation
stratum was the split factor in the design.

The statistical general model of a split block design is of the
form

Yu=pu+r+a,+e; + 5, +e, +(af), +ey, 1)

withi=1,2,...,n;j=1,2,...,a(row, the main factor or har-
vesting treatment); k = 1, 2, . . ., b (column, the split factor or

vegetation stratum). Here, Y;jk is an observation, u is the gen-
eral mean, 7; are the block effects, &; are the row and By the
column effects, whereas (a,B ) i are the measures of interaction

between rows and columns. €, €y and €, are the errors of

the row, column and interaction, respectively. It tests the null
hypotheses that there is no effect of the harvesting treatment (o
= a, = 0) or vegetation stratum (5; = f,= 0) on the insect assem-
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blage, and there is no interaction between both ((o8); = 0 for all j
and k).

Study site and stand characteristics

The study was conducted at the Haliburton Forest and Wildlife
Reserve (45°15' N, 78°35' W) located within the Algonquin Park
Site District (SE9 for Hills 1959), in the Great Lakes-St Law-
rence forest region of central Ontario, Canada. The region is
primarily upland characterized by temperate, mixedwood (conif-
erous-deciduous) forests. Tolerant hardwood species such as
Sugar maple (Acer saccharum Marsh.), American beech (Fagus
grandifolia Ehrh.) and Yellow birch (Betula allehaniensis Brit-
ton) are the dominant trees, while White pine (Pinus strobus L.)
is the characteristic conifer of the region.

The study area is managed under an uneven-aged selection
silvicultural system, with both single-tree and group selection
techniques conducted at short intervals (10—20 years). During the
1950°s—1970’s, selection harvesting high-grading resulted in the
overexploitation of these forests. However, under the FSC certi-
fication, selection harvesting low-grading has taken place since
the 1980’s where less valuable trees have also been removed

while retaining a residual basal area from 16-18 m?ha (P.
Schleifenbaum, Haliburton Forest, Ontario).

All sites were dominated by Sugar maple. The unharvested
stands had not been logged since 1940 whereas the harvested
stands underwent low-grading single-tree selection harvesting
(involving sugar maple removal in the previous 5 years) from
1996-2000. We have no records prior to 1940, but presume
some white pine could have been removed by selective cutting
although no stumps were found.

Diameter at breast height (DBH), sapling density (<5 cm
DBH), and canopy cover were estimated at each sampling station.
A basal area sweep using a prism with a basal area factor of 2
was carried out to identify trees with DBH 2 6 c¢m in variable-
radius plots; thus, a total number of 154 trees were flagged, iden-
tified and the DBH measured (Table 1). Those trees also served
to estimate stand composition. At each sampling station, sixteen
2-m* quadrats were established (one in each cardinal direction at
2,4, 8, and 16 m from the center) and saplings (trees with DBH
1.00 to 5.99 cm) were identified and counted; sapling density
was estimated at each stand (Table 1). A densiometer was used
to measure canopy openness at the same positions as the quadrats
were set.

Table 1. Diameter at breast height (DBH), the number of trees measured, sapling density (<5 cm DBH), canopy cover, and stand composition

(percentage number of individuals) of trees with DBH 2 6 cm and of saplings in unharvested and selection cut stands at three deciduous forest

sites in central Ontario, Canada.

Forest site Average Number of Sapling Total number Canopy cover Stand composition (DBH 2= 6¢cm) (%)
DBH  trees meas-  density of saplings (%) Sugar Cedar  Ironwood  Paper Beech  Yellow
(cm) ured (no./m?) counted maple birch birch
Site 1  Unharvested 43.27 20 0.75 12 94.6 60 10 15 5 5 5
Harvested 34.41 22 0.75 12 90.5 31.8 27.3 27.3
Site 2 Unharvested 39.38 36 1.25 19 98.1 58.3 5.5 2.8
Harvested 3391 27 0.5 4 95.4 74.1 18.5
Site 3 Unharvested 34.92 28 0.06 1 95.7 89.3 3.6
Harvested 35.45 221 0.1 2 90.3 71.4 4.8 9.5
Forest site Stand composition (DBH = 6¢cm) (%) Stand composition (saplings) (%)
Balsam fir Basswood Hemlock  Red naple Sugar Balsam Red Beech Striped Basswood Yellow
maple fir maple maple birch
Site 1 ~ Unharvested 50 333 16.7
Harvested 13.6 16.7 41.6 25 16.7
Site 2 Unharvested 27.3 2.8 2.8 84.2 10.5 5.3
Harvested 3.7 3.7 25 25 25 25
Site3  Unharvested 3.6 3.6 100
Harvested 14.3 50 50

Sugar maple (4cer saccharum), Cedar (Thuja occidentalis), Ironwood (Carpinus caroliniana), Paper birch (Betula papyrifera), Beech (Fagus grandifolia), Y ellow

birch (Betula allehaniensis), Balsam fir (4bies balsamea), Basswood (Tilia americana), Hemlock (Tsuga canadensis), Red naple (Acer rubrum), Striped maple

(Acer pensylvanicum)
Insect sampling and identification
Two insect traps were set in each sampling station, one in the

canopy and the other in the understory. We used modified Mal-
aise traps recommended for sampling forest canopies (Finnamore

et al. 1998; Vance et al. 2003), each which had an intersecting
surface of 6.7 m> Each trap collected insects into two bottles
(one located at the top and the other at the bottom of the trap)
containing 20%-ethanol glycol to kill and preserve insects. We
used two sample bottles per trap because many taxa are collected
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in either the top or the bottom bottle (Vance et al. 2007). Insects
were sampled over 14 consecutive days in June, July and August
2003.

All captured Hymenoptera were identified to family following
published identification guides (Goulet and Huber 1993; Grissell
and Schauff 1990); and members of the Braconidae were identi-
fied to subfamily, genus in some cases, and morphospecies
(Wharton et al. 1997). Selected saproxylic dipteran (Dolicopo-
didae, Mycetophilidae, Syrphidae, and Tachinidae) and colep-
teran (Cerambycidae, Curculionidae, Scolytidae, Staphylionidae)
families were also identified using identification manuals, keys
and guides (McAlpine et al. 1981, 1987; Oosterbroek 1998;
White 1983; Klimaszewski and Watt 1997) to provide informa-
tion on forest sensitive species.

Data analysis

Abundance was estimated as the number of individuals caught
per trap during the 14 days, averaged over the three sampling
periods to provide a good representation of the central tendency
and variation of each trap capture during the whole summer.
Data were also averaged for sampling stations in the ANOVA
analysis, but considered as independent observations for the
multivariate analysis. Many taxa were represented by very few
individuals (rare taxa); thus, the criteria used to run the ANOVA
on a given taxon were to be present in all three sampling periods
and to have more than 15 individuals as the total caught. Data
were transformed when necessary to meet the assumption of
normality. The ANOVA analysis (split-block design) was run
using SPSS PASW Statistics 17.0 (release 17.0.2), GLM Uni-
variate, Method SSTYPE (3) which
squares of an effect F in the design as the sum of squares ad-

calculates the sum of

justed for any other effects that do not contain it, and orthogonal
to any effects (if any) that does contain it. The Type III sums of
squares have the major advantage of being invariant with respect
to the cell frequencies as long as the general form of estimation
remains constant. To examine differences in richness, the
ANOVA analysis was conducted on the number of taxa caught in
the Malaise traps. Because we had different abundances and only
two samples per site and treatment, the Chao 1 estimator of spe-
cies richness was calculated (EstimateS 7.5) for the canopy and
understory of unharvested and harvested stands pooling data
from the three sites. Correspondence Analysis (CA) (CANOCO
version 4.5, ter Braak and Smilauer 1998) was used to explore
further differences in the selected insect families and braconid
morphospecies by treatment and forest stratum.

To compare community composition between harvesting
treatments or vegetation strata, we pooled data from the three
sites and estimated Jaccard’s similarity index (Koleff et al. 2003)
for hymenopteran families, braconid subfamilies, and mor-
phospecies between unharvested and harvested plots and be-
tween the understory and canopy. This index varies from 0 (no
taxa are shared by both communities) to 1 (when all taxa are
shared by both communities), and high values indicate high simi-
larity between communities (or low B-diversity).
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Results
Overall richness, abundance and composition

All sites were dominated by sugar maple and regeneration (as
judged by sapling density) was relatively low (Table 1). Al-
though canopy cover was close to 100% in all stands, it was
significantly higher in unharvested than in harvested stands (F =
24.807, p = 0.035) (Table 1). There were no significant differ-
ences in DBH (F = 2.807, p = 0.236) or sapling density (F =
0.779, p = 0.470) between unharvested and tree-selection har-
vested stands. No differences were found by site in any of the
insect community attributes and taxa, except for the abundance
of one microgastrinid morphospecies.

A total of 1,885 hymenopterans representing 38 families were
caught in the Malaise traps. Twelve of the hymenopteran fami-
lies (Table 2) met the criteria to run the ANOVA analysis and
test for differences between harvesting treatments and vegetation
strata. Other families trapped (the total number of individuals
caught in brackets) included: Trichogrammatidae (42), Ibalidae
(14), Pteromalidae (11), Tenthredinidae (11), Xiphydriidae (11,
mostly in the canopy), Aphelinidae (9), Cynipidae (9), Crabroni-
dae (7), Dryinidae (7), Vespidae (6), Eucoilidae (5), Pemphre-
donidae (5), Ampulicidae (2), Apoidea (2), Gasteruptiidae (2),
Megaspilidae (2), Tiphiidae (2), Torymidae (2), Argidae (1),
Bethylidae (1), Chiripidae (1), Diprionidae (1), Embolemidae (1),
Heluridae (1), Pergidae (1), Perilampidae (1), Proctotrupidae (1),
and Siricidae (1).

The 425 individual braconids caught in the study period repre-
sented 17 subfamilies and 110 morphospecies. The ANOVA was
run on the abundance of five subfamilies and six morphospecies
(four from the Microgastrinae and two from the Euphorinae sub-
family) (Table 3). Subfamilies caught at low numbers by the
trapping system included: Alysiinae (14 individuals from the
Paroligoneurus, Dinotrema, Chorebus, Aphaereta, Orthostigma,
Aspilota, and Phaenocarpa genera), Doryctinae (6 individuals
from Heterospilus, Leluthia and Guaygata), Braconinae (5 from
Hemibracon, Atanycolus and Bracon), Opiinae (3 from Opius
and Exodontiella), Hormiinae (4 from Colastes, Lysitermus,
Shawiana, and Parahormius), Agathidinae (2 Bassus spp.), Ho-
molobinae (1 Charmon spp.), Macrocentrinae (10 Macrocentrus
spp.), Orgilinae (2 Orgilus spp.) and Blacinae (1 Blacus spp.).
Many morphospecies were caught in only one month (26 in June,
31 in July and 23 in August), and most were caught in extremely
low numbers such as one or two individuals.

Differences between unharvested and selection-harvested stands

Single-tree selection cutting showed no influence on the structure
of selected insect assemblages at the high-taxa level. There were
no significant differences between harvesting treatments in the
total abundance of Hymenoptera (F = 0.001, p = 0.984), Diptera
(F =0.003, p = 0.963) and selected families of Diptera and Col-
eoptera (Table 2). The number of hymenopteran families caught
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in the Malaise traps was similar among sites (F = 0.174, p =
0.852) and between unharvested and harvested stands (£ = 0.927,
p =0.437) (Table 2). Confidence intervals of the estimated Chao
1 greatly overlapped between unharvested and harvested stands
in the canopy (unharvested: 28 [20—72]; harvested: 24 [23-33])
as well as in the understory (unharvested: 42 [34—75]; harvested:
31 [27-53]), indicating similar family richness between treat-
ments. The number of trapped braconid subfamilies (Table 3)
was also similar among sites (F = 2.554, p = 0.119) and between
harvesting treatments (F = 2.649, p = 0.13). No hymenopteran

family (Table 2) or braconid subfamily (Table 3) showed signifi-
cant differences in abundance between unharvested and har-
vested stands. The Jaccard index indicated relatively high simi-
larity in the composition of hymenopteran families (67.5%) and
braconid subfamilies (76.5%) between unharvested and har-
vested stands (Table 4). The axes of the CA gave eigenvalues of
0.108 (axis 1) and 0.085 (axis 2) and the first two axes accounted
for 46.6% of the variance. There was no clear separation between
unharvested (open symbols) and selection-harvested (filled sym-
bols) stands (Fig. 1), similar to that seen with the ANOVA.

Table 2. Mean number of individuals (per trap in 14 days, average over June, July and August) from selected insect families caught in the can-

opy (C) and understory (U) of unharvested and selection-harvested plots at three deciduous forest sites in central Ontario, Canada.

Site 1 (Moose)

Site 2 (Marsh)

Site 3 (MacDonald)

p values®
Unharvested Harvested Unharvested Harvested Unharvested Harvested
C U C U C U C U C U C U Harvesting  Strata
Hymenoptera
Braconidae 1.50 4.17 4.67 6.50 3.17 11.50 833 7.50 1.17 17.00 1.00  7.50 ns 0.014
Ceraphronidae 0.83 0.17 0.83 0 0.83 0 0.67 0 1.17 0.17 1.33 ns <0.001
Chrysididae 0.67 2.17 0.17 0 0.17  0.67 0 1.83 0.33 1.33 0.33 ns ns
Diapridae 3.83 0.17 1.83 0.17 9.17 033 033 0 7.67 0 3.00 ns 0.03
Encyrtidae 1.5 0.33 0.67 1.17 1.67 283 0.83 0.50 0.33 0.16 033 433 ns ns
Eulophidae 0.33 0 0.33 0.50 1.33 0.67 1.17  0.50 1.17 1.17 1.00  0.833 ns ns
Formicidae 0.50 0 0.67 3.17 0.33 0.50 1.17  0.67 0.33 0.33 0.67  0.67 ns ns
Ichneumonidae 1.33 9.00 3.17 9.50 1.83 14.00 7.16 3.67 1.83 23.67 083 11.50 ns 0.055
Mymaridae 0.67 3.17 2.50 2.00 1.33 4.17 2.00 1.00 1.17 4.50 2.00 5.17 ns ns
Platygastridae 0.33 0.33 0 0.83 0.17 1.00 0 0.17 0.17 2.83 0 0.50 ns ns
Pompilidae 0 0 0.17 0 0 0 0.83 0 0.33 0.33 0.50  0.67 ns ns
Scelionidae 0.17 1.17 0.50 0.83 0.50 9.16 0 3.17 0.33 0.33 0.67  0.17 ns 0.001
Total abundance' 8.50  27.33 1733 29.67 10.50 58.83 23.83 19.83 9.33 66.33  9.67 3933 ns 0.038
No. families caught 13 11 20 20 9 24 17 14 13 24 15 19 ns ns
Selected Diptera
Dolicopodidae 3.67 8.33 8.33 8.67 8.17 8.50 10.33 4.67 7.00 1133 8.67 8.50 ns ns
Mycetophilidae 233 2267 4.67 18.50 3.50 3133 567 733 2.17 39.67 283 16.17 ns 0.009
Syrphidae 0.50 2.83 0.83 6.17 0.17 3.50 133 2.50 0.50 3.00 0.33 3.50 ns 0.040
Tachinidae 1.00 3.00 5.00 6.00 0.67 2.00 1.00  3.17 0.83 2.83 0.83 3.83 ns 0.034
Selected Coleoptera
Cerambycidae 2.50 3.17 2.33 2.00 1.17 233 350 1.83 1.33 3.17 250 2.67 ns ns
Curculionidae 66.17 137.67 2450 39.67 40.33 122.0 40.00 49.17 13.17 104.17 26.00 68.50 ns 0.018
Scolytidae 6.67 1.83 6.67 2.83 2.50 1.17 1.67 217 2.67 1.00 1.83 1.33 ns 0.012
Staphylinidae 0.50 5.50 1.67 6.50 1.83 3.50  0.50 2.33 2.00 1033 1.00  2.67 ns 0.027

" Includes rare (less than 15 individuals caught) families not listed here; ? Only significant (p < 0.05) values are shown

Composition at the low-taxon level was the strongest of the
studied attributes to show differences between unharvested and
selection-harvested stands. There was no significant difference
in the number of morphospecies caught by site (F = 10.108, p =
0.090) or harvesting treatment (F = 1.170, p = 0.392) (Table 3).
The Chao 1 estimation of morphospecies richness was much
higher than the actual number caught in traps, indicating that
even higher species richness is expected with increasing sample
size. Confident limits of the estimated number of morphospecies
highly overlapped in both the canopy and understory between
harvesting treatments (unharvested-canopy: 67 [35—179]; unhar-

vested-understory: 200 [121-390]; harvested-canopy: 67

[45—130]; harvested-understory: 96 [64—182]. Most morphospe-
cies were represented by a single individual, and there was no
significant difference between unharvested and harvested stands
in the abundance of the most common morphospecies of Micro-
gastrinae and Euphorinae (Table 3). The Jaccard index (25.2%)
indicates low similarity in the braconid assemblages between the
unharvested and harvested sites (Table 4). The first (eigenvalue
0.400) and second (0.360) axes of the CA accounted for only
27.6% of the variance and there was no clear separation in sam-
ples from unharvested and harvested stands (Fig. 2).
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Fig. 1. Correspondence analysis of insect families (all hymenopteran and selected dipteran and coleopteran families) caught in Malaise traps in
the canopy (triangles) and understory (circle) of unharvested (empty dots) and single-tree selection harvested (filled dots) stands in northern
temperate forests of Ontario, Canada.

Table 3. Mean number of individuals (per trap in 14 days, average over June, July and August) from braconid subfamilies and morphospecies
(Msp) caught in the canopy (C) and understory (U) of unharvested and selection-harvested plots at three deciduous forest sites in central On-
tario, Canada.

Site 1 (Moose) Site 2 (Marsh) Site 3 (MacDonald)

p values'
Unharvested Harvested Unharvested Harvested Unharvested Harvested
C U C U C U C U C U C U Harvesting  Strata Site
Aphidiinae 0.17 0.50 0.33 0.17 017 1.17 0.83 0.33 0.33 1.00 0 0.67 ns 0.030 ns
Meteorinae 0.33 0.33 0.17 033 0.17 0 0.50 1.00 1.00 1.33 0 0.33 ns ns ns
Cheloninae 0.33 0.17 1.00 033 0.83 0.33 3.17 1.17 0.17 1.50 0 1.33 ns ns ns
Microgastrinae 0.33 2.50 1.83 250 1.00 5.83 1.33 2.33 2.33 5.83 0.67 3.17 ns <0.001 ns
Msp MIC2 0 0.83 0.17 0.17 0 0 0 0.17 0 1.17 0.17  0.67 ns 0.013 ns
Msp MIC 3A 0 0.67 0.17 0.67 0 0.83 0 0.17 0 2.00 0 0.50 ns 0.003 ns
Msp MIC 3B 0.17 0.67 1.17 1.17 017 417 1.00 1.83 0.50 1.83 0 1.83 ns <0.001 0.039
Msp MIC 3D 0.17 0 0.17 0 083 0.33 0.17 0 1.50 0.17 0.50 0 ns ns ns
Euphorinae 0.17 0.67 0.17 050 050 0.83 0.50 1.17 0.17 2.00 0.33 0.67 ns 0.005 ns
Msp EUP 5A1 0.17 0.33 0 033 017 017 0.33 0.67 0.17 0.33 033  0.17 ns ns ns
Msp EUP 5A2 0 0.33 0.17 0.17 033 0.67 0.17 0.33 0 1.17 0 0.33 ns 0.002 ns
No. subfam caught 6 7 11 10 8 10 9 11 5 14 4 8 ns 0.004 ns
No. morphospecies 8 19 16 22 16 24 21 28 4 40 5 20 ns 0.015 ns
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Table 4. The number of exclusive taxa and the Jaccard index of similarity for hymenopteran families and braconid morphospecies between

harvesting treatments and vertical strata in three deciduous forest sites from central Ontario, Canada.

Harvesting treatment

Vertical strata

No. of taxa caught No. of taxa caught Jaccard No. of taxa caught No. of taxa caught Jaccard ~ Total number
exclusively in unhar-  exclusively in har- index exclusively in the exclusively in the index of taxa
vested stands vested stands canopy understory
Hymenopteran families 4 9 0.675 3 11 0.65 40
Braconid subfamilies 1 3 0.765 2 2 0.765 17
Braconid morphospecies 45 38 0.252 19 67 0.225 110
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Fig. 2. Correspondence analysis of braconid morphospecies caught in Malaise traps in the canopy (triangles) and understory (circle) of unhar-

vested (empty dots) and single-tree selection harvested (filled dots) stands in northern temperate forests of Ontario, Canada.

Differences between the canopy and understory

The studied insect assemblages showed some differences be-
tween the canopy and understory at the high-taxon level. More
Hymenoptera (F' = 24.727, p = 0.038) and Diptera (F = 132.907,
p = 0.007) were caught in the understory than in the canopy (Ta-
ble 2). Of the selected dipteran and colepteran families, Myceto-
philidae (F = 108.630, p = 0.009), Syrphidae (F = 23.678, p =
0.040), Tachinidae (F = 28.057, p = 0.034), Curculionidae (F =
55.284, p = 0.018), Scolytidae (F = 81.780, p = 0.012) and
Staphylionidae (F = 36.144, p = 0.027) were more abundant in
the understory than in the canopy (Table 2); only Dolicopodidae
(Diptera) and Cerambycidae (Coleoptera) did not show differ-
ences by forest strata. The number of hymenopteran families

caught in the Malaise traps was similar between the canopy and
the understory (F = 2.392, p = 0.262). Although the Chao 1 esti-
mation of richness was higher in the understory than in the can-
opy of both unharvested and harvested stands, confident intervals
overlapped greatly (see above). The understory was richer on
braconid subfamilies than the canopy (F = 12.162, p = 0.004).
Braconidae (¥ = 70.642, p = 0.014), Diapriidae (F = 32.392, p =
0.030), Ichneumonidae (F = 16.651, p = 0.055), and the braconid
subfamilies Aphidiinae (F = 6.081, p = 0.03), Microgastrinae (¥
= 19.074, p < 0.001) and Euphorinae (¥ = 12.000, p = 0.005)
were all more abundant in the understory than in the canopy
(Tables 2 and 3). There was no significant interaction between
site, harvesting treatment and vegetation stratum for any of the
study taxa. The Jaccard index of similarity showed relatively
high overlap in the composition of hymenopteran families (65%)
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or braconid subfamilies (76.5%) between the understory and
canopy (Table 4). In the CA biplot, canopy samples (triangles)
were located in the upper side whereas understory samples (cir-
cles) were mainly in the central area (Fig. 1), reflecting some
separation between the canopy and understory at the high-taxa
level. Canopy samples from both unharvested (empty triangles)
and harvested stands (filled triangles) showed a similar pattern
along the first ordination axis, which is consistent with similari-
ties in community structure at the family level observed between
unharvested and harvested stands in the ANOVA. Understory
samples (circles) also showed a similar pattern between unhar-
vested and harvested stands, but the understory of harvested
stands appeared to be associated with a large number of taxa.

The understory was richer in braconid morphospecies than the
canopy (F = 63.443, p = 0.015) and most of the studied mor-
phospecies were also more abundant in the understory (Table 3).
The Chao 1 estimated higher species richness in the understory
than in the canopy of both unharvested and harvested stands (see
above). The Jaccard index for braconids comparing understory
and canopy was low, indicating vertical stratification in the as-
semblage composition (Table 4). The CA biplot for braconid
morphospecies showed no separation between the canopy and
understory (Fig. 2).

Discussion

Despite detailed examination at four taxon levels, we found few
differences in the richness and abundance of saproxylic insect
assemblages between unharvested and single-tree selection har-
vested stands suggesting that such activity has little effect on
their community structure. In temperate deciduous forests, un-
derstory regeneration results in rapid decreases in light availabil-
ity following selection harvesting (Beaudet et al. 2004). If we
consider harvesting in northern temperate forests over a gradient
of environmental impact, we would expect single-tree selection
cutting to have the lowest impact followed by group selection,
strip selection, and finally clear-cutting (Siira-Pietikdinen et al.
2003). In northern temperate forests of Ontario, Nol et al. (2006)
found more hoverflies (syrphids) and bees in sites recently har-
vested with the single-tree selection system than in sites unhar-
vested at least for 40 years; in contrast, click beetles (Elaterids)
were collected more often in old logged sites. In European bo-
real forests, Atlegrim and Sjoberj (1996) found the abundance of
some herbivorous insect larvae to be lower in clear-cut areas than
in selection harvested sites. Siira-Pietikdinen et al. (2003)
showed that selection harvesting, unlike more intensive harvest-
ing techniques, had no impact on functional (such as herbivores,
predators, detritivores, fungivores) and taxonomic (species of
Carabidae and Staphylinidae) arthropod assemblages in the bo-
real forest of Finland. Moore et al. (2004) reported no difference
in carabid assemblages between group selective-cut and uncut
sites, but did observe some differences in strip-cut sites in north-
ern forests of Quebec. The single-tree selection cutting con-
ducted in our study likely had less effect than typical selection
harvesting systems because its objective was to conserve biodi-

@ Springer

versity as well as produce quality timber. Under such a scenario,
fewer trees (many of low value often left on site) would have
been cut and removed than in more product-oriented forests.
The relative similarity in stand structural attributes we observed
between treatments supports this interpretation.

Composition (hymenopteran families and braconid mor-
phospecies) seemed to be more influenced by selection harvest-
ing than other community attributes such as species richness or
relative abundance. Of the insect taxa we studied, only composi-
tion of the braconid assemblage differed between unharvested
and selection-cut stands. Few studies have examined the effects
of selection harvesting on insects in temperate forests. Of these,
ground-dwelling carabids have been the most common focal
group showing varying sensitivity in all three community attrib-
utes depending on taxon level and stand characteristics (time
since harvest, size of gaps, and intensity of cutting). Moore et al.
(2004) reported no effect on any community attribute for carabid
beetles 6-8 years after selective cutting (with small gaps) in
northern hardwood forests of Quebec, while Werner and Raffa
(2000) found species composition in carabid beetles to be the
only attribute that differed between forest management regimes
(including single-tree selection cutting) in the Great Lakes region.
As we found with the braconid morphospecies, Ulyshen et al.
(2006) similarly showed community composition of carabid
beetles differed in old (cut seven years before) gaps from the
surrounding stands in hardwood forests of the southeastern U.S.
while abundance and richness remained the same (although
higher in recent than old gaps). In contrast, Vance and Nol (2003)
found both composition and abundance of carabids to be similar
in old (cut 15-20 years before) tree-selection-cut and uncut for-
ests in Ontario, although their abundance in young (cut 0.5-3
years before) single-tree selection sites was lower than in old cut
sites. Our study, the first to examine the effects of harvesting on
insect assemblages caught with Malaise traps while flying in the
canopy and understory of temperate forests, showed that compo-
sition is the community attribute most sensitive to selection har-
vesting in these northern temperate forests.

Insect assemblages were distinctly different in the two vegeta-
tion strata (understory and canopy) that we examined at both the
high- and low-taxon levels. Vertical stratification of insects has
been better explored in tropical (Basset et al. 2003; De Djin 2003)
than in northern forests especially with respect to insects cap-
tured flying in the canopy (see Lowman and Wittman 1996;
Stork et al. 1997; Vance et al. 2007). Le Corf and Marquis (1999)
observed that although the overall density of herbivores, species
richness and species composition were similar between the can-
opy and understory in oak trees from Missouri, five herbivore
families differed significantly between forest strata. We found
that all selected saproxylic and dipteran families showed vertical
stratification in their abundance except Dolicopodidae and
Cerambycidae, the latter in contrast to Vance et al. (2003). In our
study, the coleopterans Curculionidae and Staphilinidae and the
dipterans Mycetophilidae, Syrphidae and Tachinidae were more
abundant in the understory than in the canopy, with only Scolyti-
dae showing the reverse pattern. Temperate forest canopies are
exposed to harsh environments (high winds, intense temperature,
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radiation, and rainfall) and many insect communities are found
more commonly at lower levels (Lowman and Wittman 1996) or
in the understory where survival is predicted to be higher,
chemical cues from hosts better detected, and/or foraging easier
than on top of the canopy.

In our study, a similar number of hymenopteran families were
caught in the canopy and understory, and composition showed
65% similarity. In similar stands, rarefaction curves produced by
Vance et al. (2007) predicted more hymenopteran families in the
canopy than in the understory, with 73% similarity. At a lower
taxon level, they also predicted more mymarid genera in the
understory than in the canopy, which is similar to our findings
with braconid morphospecies. Similarity in composition tends to
decrease as lower taxon levels are considered, and the fact that
many of our morphospecies were represented by a single indi-
vidual would have certainly influenced these results. Yet, our
22% similarity between the canopy and understory in the braco-
nid morphospecies assemblage was very close to that found for
cerambycid species (21% by Vance et al. 2003), which were
more abundant than our braconids. Braconids are a very rich
taxonomic group, and consequently intensive sampling effort and
systematic expertise are required to detect possible patterns or
responses to environmental changes. Because many of the mor-
phospecies we collected were only found during a single sam-
pling period, future work should be conducted throughout the
summer; if time is a constraint, then July should be the optimal
month because this is when we observed the highest abundance
and richness. Not surprisingly, braconid species diversity will
also be best measured in the understory where plant species and
structural diversity will enhance the likelihood of diversity in
lepidopteran species that act as a host resource.

We used both high- and low-taxon levels to detect possible
differences between selected insect communities after single-tree
selection harvesting in northern temperate forests. An increasing
number of studies emphasize the use of high-taxon levels or/and
functional groups to monitor environmental changes in forest
ecosystems because species identification can be untenable
and/or very time-consuming, especially in highly diverse groups
such as parasitoids (e.g. Williams and Gaston, 1994; Katzourakis
et al. 2001; Bellocq and Smith, 2003). Williams and Gaston
(1994) found that family richness was a good predictor of species
richness in a variety of taxa including insects. In northern forest
ecosystems, insects have been shown to respond to gradients of
forest retention during harvesting at both high- and low-taxon
levels (Siira-Pietikdinen et al. 2003; Deans et al. 2005, 2007).
Our study lends further support to the use of higher taxon levels
within forest management planning as this approach helps to
rapidly identify areas of high insect diversity and conservation
value while at the same time allowing for the necessary devel-
opment of better taxonomic keys and expertise.

It appears then that single-tree selection harvesting carried out
in these northern temperate forests has minimal structural effect
immediately after cutting and will influence wood-associated
insect taxa only through subtle changes in community composi-
tion. Although harvesting clearly leads to changes in understory
development and light intensity, which in turn may account for

some of the minor compositional shifts we observed, the insect
assemblages studied here displayed few responses to these ef-
fects within the first 3—5 years after cutting. Thus, our work pro-
vides support for single-tree selection harvesting as a manage-
ment strategy to reduce impacts on diversity and help conserve
the diversity of hymenopteran and wood-associated insect com-
munities in these forests.

Acknowledgements

We greatly appreciate J. Sousa help to set up the study and take
tree measures. R. Morgan, T. Jones, A. Rubio, and 1. Kennedy
assisted in the field and lab. Funding was provided by the Rich-
ard Ivey Foundation and the Haliburton Forest and Wild Life
Reserve, Ltd.

References

Atlegrim O, Sjéberj K. 1996. Effects of clear-cutting and single-tree selection
harvest on herbivorous insect larvae feeding on bilberry (Vaccinius myrtil-
lus) in uneven aged boreal Picea abies forests. For Ecol Manage, 87:
139-148.

Basset Y, Aberlenc HP, Barrios H, Curletti G, Berenger JM, Vesco JP, Causse
P, Haug A, Hennion AS, Lesobre L, Marques F, O'Meara R. 2001. Stratifi-
cation and dial activity of arthropods in a lowland rainforest in Gabon. Bi-
olog J Linnean Soc, 72: 585-607.

Basset Y, Hammond PM, Barrios H, Holloway JD, Miller SD. 2003. Vertical
stratification of arthropod assemblages. In: Arthropods of Tropical Forests.
Cambridge University Press, pp. 17-27.

Beaudet M, Messier C. 2002. Variation in canopy openness and light trans-
mission following selection cutting in northern hardwood stands: an as-
sessment based on hemispherical photographs. Agr For Meteorol,110:
217-228.

Beaudet M, Messier C, Leduc A. 2004. Understory light profiles in temperate
deciduous forests: recovery process following selection cutting. J Ecol, 92:
328-338.

Bellocq MI, Smith SM. 2003. Convergence in arthropod assemblages with
various restoration approaches for Canadian deciduous forests. J Insect
Cons, 7: 99-109.

Bouget C. 2005. Short-term effect of windstorm disturbance on saproxylic
beetles in broadleaved temperate forests. Part I: Do environmental changes
induce a gap effect? For Ecol Manage, 216: 15-27.

Deans AM, Malcolm JR, Smith SM, Bellocq MI. 2005. Edge effects and the
responses of aerial insect assemblages to structural retention harvesting in
Canadian boreal peatland forests. For Ecol Manage, 204: 249-266.

Deans AM, Smith SM, Malcolm JR, Crins B, Bellocq MI. 2007. Hoverflies
(Syrphidae) communities respond to varying structural retention following
harvesting in Canadian peatland black spruce forests. Environ Entomol, 36:
308-318.

De Dijn BPE. 2003. Vertical stratification of flying insects in a Surinam
lowland rainforest. In: Arthropods of Tropical Forests. Cambridge Univer-
sity Press, pp 110-122.

DeVries PJ, Murray D, Lande R. 1997. Species diversity in vertical, horizon-
tal, and temporal dimensions of a fruit-feeding butterfly community in an
Ecuadorian rainforest. Biolog J Linnean Soc, 62: 343-364.

Doyon F, Gagnon D, Giroux JF. 2005. Effects of strip and single-tree selec-
tion cutting on birds and their habitat in a southwestern Quebec northern
hardwood forest. For Ecol Manage, 209: 101-115.

@ Springer



284

Journal of Forestry Research (2012) 23(2): 275-284

Finnamore AT, Winchester NN, Behan-Pelletier VM. 1998. Protocols for
Measuring Biodiversity: Arthropod Monitoring in Terrestrial Ecosystems.
EMAN and Partners Publications.

Goulet H, Huber JT. 1993. Hymenoptera of the World: An Identification
Guide to Families. Research Branch, Agriculture Canada, Ottawa, Canada.

Grissell EE, Schauff ME.1990. A Handbook of the Families of Nearctic Chal-
cidoidea (Hymenoptera). The Entomol. Soc. of Washington, D.C.

Hammond HEJ, Langor DW, Spence JR. 2001. Early colonization of Populus
wood by saproxylic beetles (Coleoptera). Can J For Res, 31: 1175-1183.

Hills GA. 1959. A Ready Reference to the Description of the Land of Ontario
and Its Productivity. Division of Research, Ontario Dept. of Lands and For-
ests, Maple, Ontario.

Huhta V, Karppinen E, Murminen M, Valpas A.1967. Effect of silvicultural
practices upon arthropod, annelid and nematode populations in coniferous
forest soil. Ann Zool Fenn, 4: 87—143.

Katzourakis A, Purvis A, Azmeh S, Rotheray G, Gilbert F. 2001. Macroevo-
lution of hoverflies (Diptera: Syrphidae): the effect of using higher-level
taxa in studies of biodiversity, and correlates of species richness. J Evol
Biol, 14:219-227.

Klimaszewski J, Watt JC. 1997. Coleoptera: Family-Group Review and Keys
to Identification. Fauna of New Zealand. No. 37, Lincoln, Canterbury, N.Z.

Koleff P, Gaston KJ, Lenon JJ. 2003. Measuring beta diversity for presence-
absence data. J Animal Ecol, 72: 367-382.

LaSalle J, Gauld 1. 1993. Hymenoptera: Their diversity, and their impact on
the diversity of other organisms. In: Hymenoptera and Biodiversity. Wal-
lingford, UK: CAB International.

Le Corf J, Marquis RJ. 1999. Differences between understory and canopy in
herbivore community composition and leaf quality for two oak species in
Missouri. Ecol Entomol, 24: 46-58.

Lowman, MD, Wittman PK. 1996. Forest canopies: methods, hypothesis and
future directions. Ann Rev Ecol Syst, 27: 55-81.

Maleque MA, Maeto K, Ishii HT. 2009. Arthropods as bioindicator of sus-
tainable forest management, with a focus on plantation forest. Appl Ento-
mol Zool, 44: 1-11.

Makino S, Goto H, Inoue T, Sueyoshi M, Okabe K, Hasegawa M, Hamaguchi
K, Tanaka H, Okochi I. 2006. The monitoring of insects to maintain biodi-
versity in Ogawa Forest Reserve. Environ Monit Assess, 120: 477-485.

McAlpine JF, Peterson BV, Shewell GE, Teskey HJ, Vockeroth JR, Wood
DM. (Eds). 1981. Manual of Nearctic Diptera. Research Branch, Agricul-
ture Canada. Monograph No. 27 (Vol. 1).

McAlpine JF, Peterson BV, Shewell GE, Teskey HJ, Vockeroth JR, Wood
DM. (Eds). 1987. Manual of Nearctic Diptera. Research Branch, Agricul-
ture Canada. Monograph No. 28 (Vol. 2).

Menzel MA, Carter TC, Menze JM, Ford WM, Chapman BR. 2002. Effects of
group selection silviculture in bottomland hardwoods on the spatial activity
patterns of bats. For Ecol Manage, 162: 209-218.

Moore JD, Ouimet R, Houle D, Camire C. 2004. Effects of two silvicultural
practices on ground beetles (Coleoptera: Carabidae) in a northern hardwood
forests, Quebec, Canada. Can J For Res, 34: 959-968.

Miiller J, Othorn T, Pretzsch H. 2007. Long-term effects of logging intensity
on structures, birds, saproxylic beetles and wood-inhabitant fungi in stands
of European beech Fagus sylvatica L. For Ecol Manage, 242: 297-305.

Niemeld J. 1997. Invertebrates and boreal forest management. Cons Biol, 11:
601-610.

Niklas F, Gotmark F. 2008. Openness in management: Hands-off vs partial
cutting in conservation forests, and the response of beetles. Biolog Cons,
141: 2010-2321.

Nol E, Douglas H, Crins WJ. 2006. Responses of syrphids, elaterids and bees

to single-tree selection harvesting in Algonquin Provincial Park, Ontario.

@ Springer

Can Field Nat, 120: 15-21

Nyland RD. 1987. Selection system and its application to uneven-aged north-
ern hardwoods. In: R.D. Nyland (ed), Proceedings of Managing Northern
Hardwoods Silvicultural Symposium. Syracuse, USA. State University of
New York, College of Environmental Science and Forestry, Publication No.
13 (ESF-87-002), pp. 49-80.

OMNR. 1998. A Silvicultural Guide for the Tolerant Hardwood Forest in
Ontario. Ontario Ministry of Natural Resources. Queen’s Printer for On-
tario Toronto.

Oosterbroek P. 1998. The Families of Diptera of the Malay Archipelago.
Leidon, Boston, Koln.

Pohl GR, Langor DW, Spence JR. 2007. Rove beetles and ground beetles
(Coleoptera: Staphylinidae, Carabidae) as indicator of harvesting and re-
generation practices in western Canadian foothill forests. Biol Cons,137:
294-307.

Shaw MR, Hochberg ME. 2001. The neglect of parasitic Hymenoptera in
insect conservation strategies: the British fauna as a prime example. J In-
sect Cons, 5: 253-263.

Siira-Pietikdinen A, Aimi J, Siitonen J. 2003. Short-term responses to soil
microarthropod community to clear felling and alternative forest regenera-
tion methods. For Ecol Manage, 72: 339-353.

Smith DM, Larson BC, Kelty MJ, Aston PMS. 1997. The Practice of Silvicul-
ture: Applied Forest Ecology. New York: John Wiley & Sons, Inc..

Storke NE, Adis J, Didham RK. 1997. Canopy Arthropods. London: Chap-
man & Hall.

ter Braak CJF, Smilauer P. 1998. CANOCO reference manual and user's
guide to Canoco for Windows: software for canonical community ordina-
tion. Tthaca, NY: Microcomputer Power.

Thompsen FR, Probst JR, Raphael MG. 1995. Impacts of silviculture: over-
view and management recommendations. In: Ecology and Management of
Neotropical Migrant Birds: A Synthesis and Review of Critical Issues. NY:
Oxford University Press, pp. 201-219.

Ulyshen M., Hanula JL, Horn S, Kilgo JC, Moorman CE. 2006. The response
of ground beetles (Coleoptera, Carabidae) to selection cutting in a South
Carolina bottomland hardwood forest. Biodiversity Cons, 15:261-274.

Vance CC, Kirby KR, Malcolm JR, Smith SM. 2003. Community composi-
tion of longhorned beetles (Coleoptera: Cerambycidae) in the canopy and
understorey of sugar maple and white pine stands in south central Ontario.
Environ Entomol, 32: 1066—1074.

Vance CC, Nol E. 2003. Temporal effects of selection logging on ground
beetle communities in northern hardwood forests of eastern Canada. Eco-
science, 10: 49-56.

Vance CC, Smith SM, Malcolm JR, Huber J, Bellocq MI. 2007. Differences
between forest type and vertical strata in the diversity and composition of
hymenopteran families and mymarid genera in northeastern temperate for-
ests. Environ Entomol, 36: 1073—1083.

Werner SM, Raffa KF. 2000. Effects of forest management practices on the
diversity of ground-occurring beetles in mixed northern hardwood forests
of the Great Lake Region. For Ecol Manage,139: 135—155.

Wharton RA. 1993. Bionomics of the Braconidae. Ann Rev Entomol, 38:
121-143.

Wharton RA, Marsh PM, Sharkey MJ (Eds). 1997. Manual of the New World
Genera of the Family Braconidae (Hymenoptera). Special Publication of
the International Society of Hymenopterists, No. 1, Washington, DC.

White RE. 1983. A Field Guide to the Beetles of North America. The Peter-
son Field Guide Series. Houghton, Mifflin Company, Boston.

Willams PH, Gaston KJ. 1994. Measuring more of biodiversity: Can higher
taxon richness predict wholesale species richness? Biol Cons, 67: 211-217.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


