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Abstract
Forests provide important ecosystem services, and the need for these services is expected to increase. Although disturbances 
are often important components of management plans for forest ecosystems, management efforts often target the prevention 
and mitigation of disturbances that threaten these services. Exotic insects are an increasingly important disturbance agent 
in terms of ecological and economic impacts, particularly large woodborers in the family Cerambycidae. Semiochemical-
baited traps are important components of management programs. This study looked at the effect of trap location along a 
horizontal edge—forest gradient with traps deployed in forest clearings adjacent to forests, at the forest—clearing edge and 
in the forest. Nine species were captured in high enough numbers for analysis, and significant effects of trap location relative 
to the edge were observed in all but one. Three patterns of edge effects were observed. In general, Acmaeops proteus pro-
teus (Kirby) was more abundant at the edge than in the forest interior; male and female Monochamus mutator LeConte and 
Monochamus scutellatus (Say) were more abundant in the clearing adjacent to the forest than in the forest; and Anelaphus 
pumilus (Newman), Euderces pini (Fabricius), Neoclytus acuminatus (Fabricius), male and female Monochamus carolinensis 
(Olivier) and female Monochamus titillator (Fabricius) were more abundant in the forest than the adjacent clearing. These 
results demonstrate that non-targeted surveys for Cerambycidae should deploy traps in multiple locations along the forest 
edge-interior gradient and that taxa-specific surveys should be developed based on knowledge of how this gradient impacts 
trap performance.
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Key message

• Trap location effects differed among species with some 
captured in higher numbers in open fields adjacent to 
forest edges (Monochamus mutator and Monochamus 
scutellatus), some at the forest edge (Acmaeops proteus 
proteus) and others in the forest (Anelaphus pumilus, 
Euderces pini, Neoclytus acuminatus, Monochamus caro-
linensis and Monochamus titillator).

• These results suggest that generic surveys of Cerambyci-
dae communities should deploy traps along edge-interior 
gradients and that taxa-specific surveys need to consider 
this gradient when deploying survey traps.
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Introduction

Although estimates of the global annual value of ecosys-
tem services vary (Constanza et al. 1997; Pimentel et al. 
1997; Ninan and Inoue 2013), their importance is univer-
sally recognized and they continue to receive increasing 
research and policy attention. Historically, the value of 
forest and woodland ecosystem services has been under-
estimated, but recognition of the importance of forest and 
woodland ecosystems is increasing (Wingfield et al. 2015). 
Among terrestrial ecosystems, wetlands and forests are 
estimated to be the largest contributors to the annual value 
of global ecosystem services (Ninan and Inoue 2013). It 
has been estimated that globally ca. 1 in 6 people rely on 
forests for food and many more rely on non-food forest 
ecosystem services [e.g. carbon storage, wood and wood 
products resources (Vira et  al. 2015; Wingfield et  al. 
2015)]. The significance of forest and woodland ecosys-
tem services is expected to increase as human population 
levels increase globally.

Coincident with the increase in demand for forest eco-
system services has been an increase in the frequency and 
severity of disturbances experienced by forest ecosys-
tems. For example, the frequency and severity of insect 
and fungal pathogen outbreaks have increased dramatically 
(Aukema et al. 2010; Boyd et al. 2013; Roy et al. 2014; 
Wingfield et al. 2015). Altered distributions and patterns 
of interactions among forest insects and fungal pathogens 
as a consequence of range expansions and introductions 
of species outside of their native ranges have contributed 
to these dramatic increases. Woodboring beetles from the 
family Cerambycidae (e.g. longhorned beetles) are among 
the most significant groups of invasive forest insects, both 
in terms of frequency and impact (Aukema et al. 2010, 
2011). For example, Nowak et al. (2001) estimated the 
potential costs associated with Anoplophora glabripen-
nis attacks on urban trees in nine US cities to be between 
$72 million and $2.3 billion. Nationally, A. glabripennis 
impacts were estimated to be as high as ca. 35% loss of 
total canopy cover, ca. 30% tree mortality with an associ-
ated maximum total cost of $669 billion. The direct and 
indirect impacts of invasive large woodboring beetles in 
North America include altered nutrient and successional 
cycles, facilitation of spread of invasive plants due to gap 
creation associated with tree mortality and the extirpation 
of species (Gandhi and Herms 2010a, b).

Invasive species management plans in North America 
attempt to limit the arrival of exotic forest insects with 
management strategies that integrate regulatory and pre-
ventative measures and when these fail eradication and 
containment tactics are used to manage establishment 
and/or spread (Liebhold and Tobin 2008). The success of 

eradication and containment efforts is contingent on the 
availability of affordable, effective survey and detection 
tools because: (1) there is a negative correlation between 
the probability of successful containment and/or eradica-
tion and target population size; (2) ongoing and accurate 
delineation of target species distribution is essential for 
successful containment and/or eradication; and (3) it is 
not possible to evaluate the success of containment and/
or eradication efforts without them (Myers et al. 2000; 
Liebhold and Bascompte 2003; Liebhold and Tobin 2008).

Although alternate methods exist for the surveillance of 
forest insects (e.g. ground-based and aerial surveys, trap 
trees), flight intercept traps are the most commonly used 
in operational surveys and monitoring and management 
programs targeting forest insects. The performance of 
semiochemical-baited intercept traps is largely determined 
by the probability of capture of the target taxon if present 
and the target taxon distribution relative to the scale of 
sampling. The first factor is a function of trap active space 
and the capture and retention efficiency of the trap. Studies 
of intercept trap active space primarily consider quantita-
tive and qualitative features of the semiochemicals used 
to bait the trap (e.g. Allison et al. 2004, 2012). Trap type 
and design features affect the abundance (McIntosh et al. 
2001; Morewood et al. 2002; Allison et al. 2014; Allison 
and Redak 2017) and community (Dodds et al. 2015) of 
Cerambycidae sampled, likely due to combined effects on 
trap active space and capture and retention efficiencies.

The impact of trap location relative to environmental 
gradients and landscape features (i.e. target taxon distri-
bution relative to the scale of sampling) on Cerambycidae 
captures has received far less attention than semiochemi-
cal development and trap type and design effects. The two 
gradients that have received limited attention are horizon-
tal edge-interior and vertical understory-canopy gradients 
(Harman and Harman 1987; Vance et al. 2003; Ulyshen 
et al. 2004; Wermelinger et al. 2007; Dodds 2011, 2014; 
Graham et al. 2012; Vodka and Cizek 2013; Maguire et al. 
2014; Su and Woods 2014; Schmeelk et al. 2016; Li et al. 
2017; Ulyshen and Sheehan 2017; Rassati et al. 2018). 
The objective of this study was to characterize the impact 
of trap location relative to forest edges (horizontal clear-
cut—edge—interior gradient) on the capture of Ceram-
bycidae by semiochemical-baited intercept traps. Many 
of the most damaging cerambycid pests and species on 
North American regulatory agency (e.g. USDA-APHIS, 
CFIA) watch lists belong to the subfamilies Cerambycinae 
and Lamiinae. To document patterns of effects of these 
gradients on species from both subfamilies, field-trapping 
experiments were replicated in central Louisiana and 
northern Ontario using blends of semiochemicals attrac-
tive to species from the two subfamilies.
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Materials and methods

Three field-trapping experiments were conducted to 
examine the distribution of target species of Cerambyci-
dae across 60 m, linear transects perpendicular to forest 
edges. Intercept traps baited with blends of semiochemi-
cals targeted species from the two largest subfamilies of 
Cerambycidae, the Lamiinae in Northern Ontario and 
Central Louisiana (Experiments 1 and 3) and the Ceram-
bycinae in Central Louisiana (Experiment 2). Experiments 
1 and 3 targeted species of Monochamus (a genus from 
the subfamily Lamiinae) by baiting traps with ethanol, 
α-pinene and 2-(undecyloxy)-ethanol (hereafter monocha-
mol) (Experiment 1) or α-pinene, monochamol, ipsdienol, 
ipsenol, cis-verbenol and lanierone (Experiment 3), semi-
ochemicals known to be attractive to Monochamus spp. 
(see Pajares et al. 2010; Allison et al. 2001, 2003, 2004, 
2012, 2013; Miller et al. 2016; Boone et al. 2018). Experi-
ment 2 targeted Anelaphus pumilus (Newman), Euderces 
pini (Fabricius) and Neoclytus acuminatus (Fabricius) (all 
species of Cerambycinae) by baiting traps with racemic 
3-hydroxy-2-hexanone, racemic 3-hydroxy-2-octanone and 
syn-2,3-hexanediols, compounds known to be attractive 
to several species in the Cerambycinae (Hanks and Millar 
2016). These species were targeted because semiochemical 
attractants are known for them and they could be captured 
in high numbers, they represent the two largest subfamilies 
of the Cerambycidae and most invasive Cerambycidae of 
concern belong to these two subfamilies. Although experi-
ments 1–3 targeted these species, all Cerambycidae were 
counted and any species for which we captured ≥ 1 indi-
vidual per trap was subjected to statistical analyses.

Twelve-unit multiple-funnel traps were deployed in lin-
ear transects perpendicular to abrupt forest edges mark-
ing the transition between an open field [two clear-cuts 
in Experiment 1 and a gas (n = 4) or railroad/highway 
(n = 1) right-of-way or clear-cut (n = 2) in Experiments 2 
and 3] and forest. Each transect had seven traps and a sym-
metrical design with a single trap at the edge and at ± 30, 
± 10 and ± 3 m from the edge (i.e. seven total traps with 
three in both the open field and forest habitats adjacent to 
the edge and one at the edge). Although horizontal edge 
gradients are normally described from the forest edge to 
the interior, intercept traps in survey programs for forest 
insects are often deployed in clearings adjacent to for-
est edges for convenience. All traps were multiple-funnel 
traps treated with Fluon and equipped with a wet collec-
tion cup containing 150–200 ml of propylene glycol to 
increase trap performance (Graham et al. 2010; Allison 
et al. 2011, 2014, 2016; Graham and Poland 2012; Allison 
and Redak 2017). Metal conduit pipe was driven into the 
ground and traps suspended individually from a bend near 

the top so that the bottom of the collection cup of each trap 
was 0.5–1.0 m above the ground.

Lures

Ultra-high release (UHR) ethanol (release rate ca. 0.5 g/d at 
23 °C), UHR α-pinene (chemical purity ≥ 95%, enantiomeric 
purity 95% (−); release rate ca. 2 g/d at 20 °C) and mono-
chamol (99.3% pure; release rate ca. 0.4 mg/d at 20 °C) were 
purchased from Contech Enterprises, Inc. (Delta, B.C.). 
Ipsenol (chemical purity > 98%, racemic; release rate ca. 
0.4 mg/d at 20 °C), ipsdienol (chemical purity > 98%, race-
mic; release rate ca. 0.4 mg/d at 20 °C), lanierone (chemical 
purity > 98%, release rate ca. 0.01–0.03 mg/d at 22–24 °C) 
and cis-verbenol (chemical purity > 98%; 13:87 mixture of 
plus and minus enantiomers; release rate ca. 0.3–0.6 mg/d 
at 22 °C) were purchased from Synergy Semiochemicals. 
Racemic 3-hydroxy-2-hexanone (99% pure, release rate 
ca. 20–25 mg/d at 20 °C) and racemic 3-hydroxy-2-oc-
tanone (99% pure, release rate ca. 20–25 mg/d at 20 °C), 
purchased from Bedoukian Research (Danbury CT), and 
syn-2,3-hexanediols (99% pure, release rate ca. 1–2 mg/d at 
20 °C), synthesized by Peter Mayo (Atlantic Forestry Centre. 
Fredericton, NB), were loaded into pouch lures by Contech 
Enterprises, Inc. (Delta, BC). Purity and release rate data 
were supplied by the suppliers.

Experiment 1: Lamiinae in northern Ontario

Traps were baited with ethanol, α-pinene and monochamol 
on 16 July 2014 and targeted Monochamus mutator LeConte 
and Monochamus scutellatus (Say), two species from the 
subfamily Lamiinae. Insects were collected ca. weekly on 
24 and 30 July; 6, 13, 20 and 27 August; and 3, 10, 17 and 
26 September 2014. A total of six transects (42 traps total) 
were established perpendicular to forest edges marking the 
transition between clear-cuts and adjacent forest. The six 
transects were divided equally between two clear-cuts (cut-
ting occurred in fall 2012) separated by ca. 5 km beginning 
ca. 20 km north of Highway 129 on Hinkler Road north of 
Aubrey Falls, ON and within sites transects were spaced 
1–2 km apart. The clear-cut (prior to harvest) and adjacent 
stands were located in the Great Lakes—St. Lawrence forest 
region and predominately jack pine, Pinus banksiana Lamb. 
(ca. 70%). Cerambycidae were identified to species using 
morphology, and all Monochamus were sexed using anten-
nal and abdominal morphology (Yanega 1996; Lingafelter 
2007).

Experiment 2: Cerambycinae in central Louisiana

Traps were baited with racemic 3-hydroxy-2-hexanone, race-
mic 3-hydroxy-2-octanone and syn-2,3-hexanediols on 16–17 
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April 2014. Insects were collected on 21–22 and 24 April; 1, 
8, 15, 22, and 29 May; and 5 June at which time lures were 
collected from traps. This experiment targeted the Ceram-
bycinae species Anelaphus pumilus, Euderces pini and Neo-
clytus acuminatus. The seven sites in Central Louisiana took 
advantage of existing forest openings, being right-of-ways for 
a gas pipeline (n = 4), railroad and highway (n = 1) or clear-
cuts (n = 2) in both Experiments 2 and 3 (the rights of way 
were at least 120 m wide). A total of seven transects (49 traps 
total) were deployed (the closest distance between transects 
was 0.6 km). The right-of-way (prior to cutting) and adjacent 
forest were in the Kisatchie National Forest, Catahoula Ranger 
District and was predominately loblolly pine, Pinus taeda L. 
and mixed hardwoods that experienced a prescribed burn in 
2010. Voucher specimens from a previous study on the Ceram-
bycidae of Central Louisiana (Allison et al. 2014), were used 
to identify A. pumilus, Elaphidion mucronatum (Say), E. pini 
and N. acuminatus. Monochamus carolinensis (Olivier) and M. 
titillator (Fabricius) were identified to species and sexed using 
morphology (Yanega 1996; Lingafelter 2007).

Experiment 3: Lamiinae in central Louisiana

Traps were baited with monochamol, α-pinene, ipsenol, ips-
dienol, lanierone and cis-verbenol on 23 June 2014. Insects 
were collected every-other-week: 1, 15 and 29 July; 14 and 
27 August and 10 September 2014. This experiment tar-
geted the species M. carolinensis and M. titillator from the 
subfamily Lamiinae and used the same transects described 
above and used in Experiment 2. Individual Cerambycidae 
were identified as described in Experiment 2.

Statistics

The experimental designs were the same for all three field 
experiments, and therefore, the data were analysed similarly. 
Sums of each species for which ≥ 1 individual per trap was 
captured were divided by the number of trapping days to 
standardize to catch per day; this response variable (# of 
individuals captured/trap day), transformed by ln + 0.1 to 
normalize variances (as evaluated by residual plots), was 
subjected to generalized linear mixed model analysis of vari-
ance with block as the random variable using  JMP®, version 
13.1. SAS Institute Inc., Cary, NC. Means were compared 
using Tukey’s HSD and considered different when P < 0.05.

Results

Experiment 1

In Experiment 1, a total of 290 A. p. proteus (Kirby), 
1790 male M. mutator, 3556 female M. mutator, 3870 

male M. scutellatus and 4028 female M. scutellatus were 
captured. There was a significant treatment effect on the 
abundance of A. p. proteus (F6,30 = 2.9, P < 0.05), male and 
female M. mutator (male: F6,30 = 25.7, P < 0.0001; female: 
F6,30 = 31.9, P < 0.0001) and male and female M. scutel-
latus (male: F6,30 = 20.9, P < 0.0001; female: F6,30 = 21.1, 
P < 0.0001) (Fig. 1). In general, A. p. proteus were more 
abundant at or near the forest edge. The only significant 
difference in the abundance of A. p. proteus was observed 
between traps 30 m from the forest edge in the forest and 
those at the forest edge. In general, the abundance of male 
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Fig. 1  Mean number of individuals captured in Experiment #1 run in 
Northern Ontario. Traps were deployed along a horizontal edge—for-
est gradient. Traps were either placed in the forest interior 30, 10 and 
3 m from the forest edge (the − 30, − 10 and − 3 m trap positions), at 
the forest edge (the 0 trap position) or in a clear-cut adjacent to the 
forest (the 3, 10 and 30 m trap positions). A total of six transects were 
established with seven traps per transect (42 traps total). Letters indi-
cate significant differences at P < 0.05 as determined by mixed model 
ANOVA and Tukey’s HSD for Acmaeops proteus proteus, Monocha-
mus mutator (female = black bars; male = grey bars) and Monochamus 
scutellatus (female = black bars; male = grey bars)
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and female M. mutator and M. scutellatus in traps was 
greatest at the forest edge and in the open field (i.e. clear-
cut), and declined significantly as few as 3 m from the 
edge inside the forest (Fig. 1). Mean numbers per trap of 
both male and female M. mutator and M. scutellatus were 
significantly greater in traps located in the open clear-cuts 
30 m from the forest edge, than in traps located inside 
the forest, 3, 10 or 30 m from the edge, but did not differ 
significantly from traps located on the edge, or 3 and 10 m 
from the edge in the open (Fig. 1).

Experiment 2

In Experiment 2, a total of 9267 A. pumilus, 74 E. mucrona-
tum, 1432 E. pini and 1240 N. acuminatus were captured in 
the 49 traps. There was a significant effect of trap location on 
the abundance of A. pumilus (F6, 36 = 4.9, P < 0.001), E. pini 
(F6, 36 = 27.4, P < 0.0001) and N. acuminatus (F6, 36 = 17.0, 
P < 0.0001) (Fig. 2). Elaphidion mucronatum was by far the 
least abundant in our traps of the four species we analysed, 
and there was no effect of trap location observed with this 
species (F6, 36 = 1.3, P = 0.29). In general, the highest num-
bers of A. pumilus, E. pini and N. acuminatus were caught 
in traps located the furthest into the forest. With A. pumilus 
statistical differences were observed between traps 30 m 
into the forest and traps 3 m from the edge in the forest 
and traps 10 and 30 m from the edge in the open field. The 
abundance of both E. pini and N. acuminatus was greatest 
in traps located deep inside the forest and declined signifi-
cantly in traps located nearer the forest edge or in the open 
field (Fig. 2).

Experiment 3

In Experiment 3, a total of 3008 female M. carolinensis, 
1987 male M. carolinensis, 3802 female M. titillator and 
2371 male M. titillator were captured. There was a signif-
icant effect of trap location on both male and female M. 
carolinensis (male: F6, 36 = 4.5, P < 0.01; female: F6, 36 = 4.0, 
P < 0.01) and female M. titillator (F6, 36 = 3.4, P < 0.01) 
(Fig. 3) but not male M. titillator (F6, 36 = 1.2, P = 0.3409). In 
general, the abundance of male and female M. carolinensis 
and female M. titillator were higher in the forest and at the 
forest edge than in the open field. Female M. carolinensis 
were more abundant 30 m from the edge in the forest and at 
the forest edge, than 10 m from the edge in the open field. 
Male M. carolinensis were more abundant in traps 30 and 
3 m from the edge in the forest, and at the forest edge, than 
in traps 10 m from the edge in the open field. Female M. 
titillator were more abundant at the forest edge than in traps 
10 m from the edge in the open field.

Discussion

Trap placement along a horizontal open field/clear-cut—
edge—forest interior gradient had a significant effect on the 
abundance of several species from the two largest subfami-
lies of the Cerambycidae, the Cerambycinae and Lamiinae. 
Nine species were captured in high enough numbers for 
statistical analyses, and significant effects of the edge gra-
dient on the number captured were observed for all but one 
(Elaphidion mucronatum, captured in very low numbers). 
The most common pattern observed was for abundance to be 
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central Louisiana. Traps were deployed along a horizontal edge—for-
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as determined by mixed model ANOVA and Tukey’s HSD for Anela-
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highest in the forest interior and to decrease from the forest 
edge out into the open field/clear-cut habitat adjacent to the 
forest edge. Alternate patterns observed include the mirror 
image of the most common pattern (i.e. higher catches in the 
open field/clear-cut habitat with decreasing captures moving 
along the gradient from the edge into the forest interior) and 
decreasing captures moving along the gradient from the for-
est edge in both directions.

Several studies have described patterns of effects of hori-
zontal edge-forest interior gradients for forest insects. There 
is evidence that high taxonomic levels can provide meaning-
ful estimates of species richness (Williams and Gaston 1994; 
Balmford et al. 1996a, b). Given the challenge of processing 
trap captures to the species level, it is not surprising that 
the majority of studies that have examined edge effects in 
forest insects have done so at high taxonomic levels (e.g. 
Deans et al. 2005). Responses to edges vary among com-
munities, species and populations. While some taxa are 
reported to prefer forest edges [e.g. Carabidae, Staphyli-
nidae and Cantharidae (Buse and Good 1993; Bedford 

and Usher 1994; Jokimäki et al. 1998; Magura et al. 2001; 
Phillips et al. 2006)], others have been reported to be more 
abundant in the forest interior [e.g. bark beetles (Peltonen 
and Heliövaara 1998)] or clearings adjacent to forests [e.g. 
Buprestidae (Wermelinger et al. 2007)]. Vodka and Cizek 
(2013) looked at the diversity of saproxylic species along a 
horizontal edge-forest gradient and observed that diversity 
was > 60% higher in the interior than at the edge. Guima-
rães et al. (2014) conducted a meta-analysis of the effects 
of forest edges on herbivore abundance and richness and 
reported that insect herbivores were 14% more abundant at 
forest edges than interiors and that richness was almost 65% 
higher at forest edges than interiors.

Few studies have focused on edge effects on the Ceram-
bycidae. Wermelinger et al. (2007) observed higher species 
richness for Cerambycidae and Scolytinae at soft edges than 
hard edges. Dodds (2011) examined the abundance and spe-
cies richness of Cerambycidae along a horizontal clearing-
edge-forest gradient and observed that the abundance of Cer-
ambycidae was higher at the edge than the forest interior. 
Species richness did not differ between the edge and forest 
interior, but the number of species of Cerambycidae was 
higher at the edge than in the clearing. The development 
of predictive models of the effect of trap placement along 
horizontal edge-forest gradients will require the description 
of species level patterns of effects. Harman and Harman 
(1987) observed higher densities of Megacyllene robiniae 
at forest edges than in the clearings adjacent to the forests, 
and McCann and Harman (1990) reported that M. robiniae 
attack rate of black locust increased moving from interior 
mixed forest stands to the forest edge and into adjacent areas 
of clonal growth and open growth individual trees. Dunn 
et al. (2016) looked at Cerambycidae abundance along a 
horizontal forest edge—open field gradient and observed 
that total number of Cerambycidae, Xylotrechus colonus 
(Fabricius) and Prionus laticollis (Drury) decreased as you 
moved along the gradient out from the forest edge. Dunn 
et al. (2016) did not sample the forest habitat and conse-
quently it is not clear if the higher trap captures at the edge 
indicate true edge species or forest species captured in 
higher numbers in edge traps because of their proximity to 
the forest interior. Cumulatively, the literature on horizon-
tal edge—forest interior suggests that distribution patterns 
along environmental gradients of forest insects are variable 
and context dependent. Additional studies describing pat-
terns at the species level are needed before patterns in effects 
among the Cerambycidae (e.g. by taxonomy, ecology) will 
begin to emerge.

This study observed that patterns of edge effects differed 
not only among species from different subfamilies, but also 
among congeners from the genus Monochamus. Surpris-
ingly, species from this genus in Ontario (M. scutellatus 
and M. mutator) and Louisiana (M. carolinensis and M. 

Monochamus titillator
N = 3802

0

20

40

60

80

100

120

140

160

Monochamus carolinensis

N = 3008
N = 1987

0

20

40

60

80

100

120
.E.S + derutpa

C nae
M

Trap Position (m)
Edge roiretxEroiretnI

-30 -10 -3 0 3 10 30

a

AB

A

ab

AB

AB

a

AB

AB
a

A

A

ab

AB

AB

b

B

B ab

AB

AB

N = 2371

Fig. 3  Mean number of individuals captured in Experiment #3 run in 
central Louisiana. Traps were deployed along a horizontal edge—for-
est gradient. Traps were either placed in the forest interior 30, 10 and 
3 m from the forest edge (the − 30, − 10 and − 3 m trap positions), at 
the forest edge (the 0 trap position) or in an opening [clear-cut (n = 2), 
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as determined by mixed model ANOVA and Tukey’s HSD for Mono-
chamus carolinensis (female = black bars; male = grey bars) and Mon-
ochamus titillator (female = black bars; male = grey bars)
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titillator) had opposing patterns of edge effects. Two poten-
tial explanations for effects of horizontal edge gradients on 
abundance are differential survivorship of the previous gen-
eration along the gradient and adult movement (McGeoch 
and Gaston 2000). Resources associated with habitats adja-
cent to forest edges can also result in changes in species 
abundance and distribution. Movement of adults in response 
to resources located in the clear-cuts adjacent to forest edges 
at the Ontario sites likely contributes to the different edge 
effect patterns observed in Ontario and Louisiana. The clear-
cuts used to establish transects in Ontario were created in 
the fall of 2012, and abundant logging debris (i.e. oviposi-
tion substrate) was left on site. At the sites used to establish 
transects in Louisiana, habitat adjacent to the forest did not 
have host resources available for oviposition. Although sap-
roxylic beetle abundance and diversity increase in response 
to disturbance (most likely due to the increased availability 
of coarse woody debris), these responses are usually short-
lived. The amount of coarse woody debris present in an 
area is negatively correlated with the time since disturbance 
(Spies et al. 1988; Siitonen 2001; Grove 2002) and likely 
explains the observed returns to pre-disturbance abundance 
and diversity levels. For example, Ulyshen et al. (2004) sam-
pled forest Coleoptera in canopy gaps of different ages (and 
sizes) along a horizontal edge-forest gradient and observed 
that both the abundance and diversity of saproxylic beetles 
was higher in the centre of young than old gaps. Similarly, 
Wallace (1869) reported that young forest clearings were the 
most productive habitats for collecting Cerambycidae and 
other woodborers. Werner (2002) found that several groups 
of woodborers (including Cerambycidae) increased in abun-
dance following a disturbance event but quickly declined to 
levels below pre-disturbance levels.

All of the species of Cerambycidae in this study feed as 
larvae on weakened and dying or recently dead trees (M. 
carolinensis, M. titillator, A. p. proteus on conifers and 
N. acuminatus, A. pumilus and E. pini on hardwoods) and 
sympatric species overlap in phenology (Yanega 1996; Lin-
gafelter 2007). The mechanism(s) driving the edge effects 
observed in the remaining species in this study (M. carolin-
ensis, M. titillator, A. p. proteus, N. acuminatus, A. pumilus 
and E. pini) are less clear. Despite numerous studies in sev-
eral forest types, consensus on the mechanisms driving edge 
effects in forest habitats does not exist. It is clear that edges 
mark the transition from forest interior with a microclimate 
dominated by the crown canopy, to adjacent habitat matrices 
with climate usually controlled by the soil. This transition is 
usually associated with changes in microclimate. For exam-
ple, clear-cut—forest edges delineate a significant change in 
the amount of solar radiation reaching and irradiating from 
the soil and as a result daily temperatures are higher and 
fluctuate more widely in the clear-cut than forest (Fetcher 
et al. 1985). Additionally, the orientation of and structure/

density of vegetation [termed physiognomy by Murcia 
(1995)] at the edge can influence edge effects. Vegetative 
structure/density at forest edges and cardinal orientation can 
both reduce the penetration of solar radiation and influence 
edge zones associated with edges (i.e. increased structure/
density and north-facing edges in the northern hemisphere 
can both reduce the size of the edge zone) (Palik and Mur-
phy 1990; Matlack 1993, 1994). Additional factors that can 
influence edge effects include habitat matrix age and type, 
and the management history of the forest and adjacent habi-
tat matrix (Murcia 1995). Given the diversity of factors that 
can influence forest edge effects and the challenges associ-
ated with locating adequate replicates, it is not surprising 
that consensus has not yet emerged.

The need for survey and detection tools to characterize 
the structure and change of geographical species ranges 
has increased in recent years as a consequence of concerns 
about: (1) how species will respond to climate change (e.g. 
Davis et al. 1998); (2) what the optimal strategy is for main-
taining biodiversity (Gaston 1994); and (3) how to under-
stand and manage the spread of invasive alien species (Wil-
liamson 1996). Coincident with the need for survey and 
detection tools is the development of protocol for effective 
deployment of these tools. To achieve this objective, addi-
tional studies describing patterns of gradient effects (e.g. 
horizontal edge-forest gradients and vertical understory-
canopy gradients) at the species level are needed. Further, 
although the diversity of variables that must be considered 
makes obtaining adequate replicates challenging, studies 
that identify the mechanisms driving the patterns of edge 
effects observed at the species level are needed. The results 
of this study have obvious implications for the management 
of forest insect pests, particularly large woodborers. Early 
detection and rapid response surveys attempt to detect non-
native species in the early stages of an invasion. This study 
suggests that these programs should deploy traps at multiple 
locations along the forest edge-interior gradient to increase 
the likelihood of early detection. Similarly, survey programs 
that target specific taxa (e.g. vectors of the pinewood nema-
tode, Monochamus spp.) need to consider the impact of trap 
location along forest edge-interior gradients.
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