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We used abundance data and the program Focus to determine the spatial scale at which
31 species of longhorned beetles (Coleoptera: Cerambycidae) respond to forest habitat
amount. We predicted that the spatial scale at which species respond would increase
with body size, and that species using ephemeral larval habitat would respond at larger
spatial scales than species using more stable larval habitat. We found that forest cover
was a better measure of the amount of habitat for polyphagous species than for
oligophagous species. Larger species of longhorned beetles responded to forest cover at
larger scales. We did not find evidence that species using more ephemeral larval habitat
conditions responded at larger scales than species developing in more stable habitat
conditions. Our results highlight the importance of accurately describing habitat in
studies of species /environment relationships. While scales of response may be speciesspecific, some generalizations across species are possible.
J. D. Holland, Dept of Entomology, Purdue Univ., 901 W. State St., West Lafayette, IN
47907, USA (jdhollan@purdue.edu). / L. Fahrig and N. Cappuccino, Dept of Biology,
College of Natural Sciences, Carleton Univ., 1125 Colonel By Dr., Ottawa, Ontario,
Canada, K1S 5B6.

Animal species respond to their environment at different
spatial scales (Gehring and Swihart 2003). Even within
guilds, both parasitoid fly species (Roland and Taylor
1997) and longhorned beetle (Coleoptera: Cerambycidae) species (Holland et al. 2004) respond to habitat
variables at different scales. To study the response of
animals to their habitat, we must measure habitat
variables at a scale that is appropriate for the animal
and phenomena being studied (Addicott et al. 1987,
Wiens and Milne 1989, Schopf and Ivany 1998, Ludwig
et al. 2000). Using an inappropriate spatial scale can
cause the researcher to miss an important relationship
between the species and its habitat (Lomolino and
Creighton 1996, Rukke and Midtgaard 1998), or even
to come to the wrong conclusion (Hanski 1987, Schopf
and Ivany 1998).
Cale and Hobbs (1994) and Elliott et al. (1998) have
suggested that the distance that organisms move is one
factor that must be considered in deciding on a spatial
scale at which to consider habitat variables. Økland et al.

(1996) found that the abundance and richness of flying
saproxylic beetles was more strongly related to the
amount of decaying wood resources at larger than
smaller scales, and that 40 /40 m represented much
too small a scale to reveal this relationship. They
concluded that habitat measures should be made within
at least a 1 km2 area for studying these species. In
contrast, Rukke and Midtgaard (1998) found significant
effects of habitat isolation on fungus beetles when
isolation was measured within less than 50 m from a
source habitat. This may be because the beetle species
they considered confine their movements to walking over
distances less than 50 m (Starzomski and BondrupNielsen 2002).
Several species characteristics have been hypothesized
to explain the scale at which different species respond
to their environment, some of these by affecting the
movement distance of the species. One such characteristic is body size. Larger animals may respond to the
environment over a larger scale either because they
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perceive the environment more coarsely (Mech and
Zollner 2002) or because they move farther to satisfy
their greater energetic requirements (Perry and Garland
2002).
A second characteristic that may affect the movement
range of a species, and hence the scale at which it
responds to the environment, is the longevity of its
habitat. Nicholson (1954) suggested that movement may
be influenced by resource complementation and the use
of ephemeral habitats. Southwood’s habitat templet
theory (1977) predicts that species with relatively narrow
niches should have good dispersal abilities. Hanski
(1987) reiterated this theory, noting that species that
use ephemeral habitats are expected to move considerable distances to track these habitats. Observations
supporting the link between habitat stability and movement distance has be found in click beetles (Coleoptera:
Elateridae; Nilsson and Baranowski 1994) and in longhorned beetles (Hanks 1999). In a study of stream
invertebrates, Gjerløv (1997) found that Southwood’s
templet theory was supported, but only when the correct
scale was considered. If movement is related to the scale
of response, then longhorned beetle species that develop
in ephemeral habitats should respond to habitat at larger
spatial scales than species that use longer lasting
habitats.
The amount of habitat for forest-dwelling species is
often equated to the amount of forest in an area.
However, for many species the actual useable habitat
may not correspond with the total forest cover. The larva
of the longhorned beetle species we are studying develop
within dead trees, and have a different range of suitable
host wood species depending on the beetle species in
question. Total forest then should represent the proportion of habitat for polyphagous species which can utilize
a wide range of host tree species. The proportion of
habitat for more specialized oligophagous species, which
have a narrower host range, will be some subset of the
total amount of forest. If overall forest cover is a worse
measure of habitat for the oligophagous species then
they should show weaker relationships with overall
forest cover. For this reason we expected that the
proportion of forest would be more strongly related to
the abundance of the polyphagous species than to the
abundance of the oligophagous species.
The purpose of this study was to determine whether
body size and longevity of larval habitat (i.e. ephemeral
or not) are related to the scale at which different species
of longhorned beetles respond to forest habitat cover. We
predicted that larger species would respond at larger
scales. We further expected species whose larvae develop
in newly dead wood to respond to forest cover at a larger
scale than species whose larvae develop in older, decayed
dead wood, because the former represents a more
ephemeral habitat than the latter.
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Methods
Natural history of Cerambycidae
Most species of longhorned beetles are associated with
forest (Gutowski 2002). Most of their life cycle (1 /4
years in the Ottawa area) is spent as larvae that feed by
excavating galleries in a single piece of living or dead
wood (Linsley 1954, Hanks 1999). Some species have
larvae that can only develop within a limited number of
wood species, while other species can use many wood
species, with some being able to develop within both
deciduous and coniferous dead wood (Yanega 1996).
The mobile adult stage is comparatively short, on the
order of 3 to 6 weeks for many species (Safranyik and
Moeck 1995).
The condition of the host tree or log differs among
species of longhorned beetles. Recently dead wood
(within the first few years of tree death) is used by a
different set of wood-boring beetle species than wood
that has been dead for decades (Blackman and Stage
1924, Graham 1925, Samuelsson et al. 1994). The
recently dead wood represents a much more ephemeral
resource than the older stage of dead wood (Kletecka
1996).

Longhorned beetle surveys
We surveyed longhorned beetle abundance at 190 sites
over the 1999 and 2000 season (April /August) in the
Ottawa, Canada area. We used 19 sampling areas that
were 1 km2. Within each sampling area we placed a
Lindgren funnel trap baited with ethanol and fresh wood
chips at 10 randomly located sampling sites. Most traps
were located within forested areas. Traps were checked
monthly and abundances within species were summed
over the two sampling seasons. Further details on traps
and trapping locations can be found in Holland et al.
(2004).
During cerambycid surveys carried out during the
summers of 1999 and 2000, 11 Lindgren funnel traps
were located in non-forest sites. These traps were at least
50 m from the edge of any woodlot or forest. All beetles
caught in these traps were considered to be moving
outside of forest habitat. During the summer of 2001 we
used flight intercept traps to capture longhorned beetles
flying from forest into non-forest areas. We put these
traps in 7 of the 19 sampling areas from the 1999 and
2000 surveys that had a meadow or old field next to a
woodlot edge. The selected woodlot edges all faced
roughly northwest, into the prevailing wind direction
in this area. We used woodlot edges that faced the same
way to control for any possible effects of sunlight or
photo-taxiing. As well, adult longhorns often use scent
to find suitable larval host trees and mates (Linsley 1954,
Schowalter 1985, Hanks et al. 1993). Therefore, our
OIKOS 110:1 (2005)
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The amount of forest around our 190 trapping sites was
measured within 19 different radii (Holland et al. 2004).
We determined the spatial scale (focus, sensu Scheiner
et al. 2000) at which 31 species of longhorned beetles
respond to forest cover using the software program
Focus (Holland et al. 2004). The Focus program uses
data on the abundance of a species (or any other
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The scale of response to forest habitat

numerical point data) at sampling locations and the
amount of forest habitat (or any other landscape
variable) measured at several spatial scales around the
sampling locations to determine the scale at which the
species abundance responds most strongly to the proportion of forest while avoiding non-independence of
landscape measurements (Holland et al. 2004). We refer
to this spatial scale as the characteristic scale of response
to forest habitat for the species. We use the term
‘characteristic scale’ because this scale of response may
be an inherent trait of different species (Mitchell et al.
2001). Figure 1 shows an example of the output of this
program for one species.
In brief, the Focus program conducts linear regressions of the beetle abundance of each species on the
proportion of forest. It repeats these regressions at each
scale to see where the resulting model best fit the data
(Elliott et al. 1998) for each species. At the larger scales
the sampling sites were clustered so that the areas within
which forest cover was measured were overlapping. This
could violate the assumption of independence and
artificially inflate the degrees of freedom in the individual regressions. To make use of all points despite the
lack of spatial independence Focus uses a randomization
procedure (Holland et al. 2004). It conducts the regression between abundance and habitat a number of times
at each spatial scale using different sets of randomly
selected spatially independent sites. The user sets the
number of iterations (regressions) to be done at each
spatial scale; the output is then the mean model fit and
associated variation at each spatial scale. In this way all
or most of the data points are included in the final
average measure of model fit, even if only a small
proportion are used in individual regression because of
spatial non-independence. A sample size of 16 was used
in all regressions, because 16 was the number of possible

Pearson correlation coefficient

traps caught beetles moving out of woodlots to seek
upwind resources by scent.
We designed flight intercept traps that had a very large
surface area (5.2 m2 on a side), but would not require
constant maintenance and would alleviate the need for
transporting a large volume of killing/preserving fluid to
the traps. The resulting trap was a combination of flight
intercept and sticky trap. We used wooden posts to
support a 4.3 m long by 1.2 m tall piece of black window
screen. We stapled clear plastic onto a plywood stage
that was 0.3 m wide and was supported at a 458 angle
below and in front of the screen. To hold any beetles that
hit the trap we applied Rat and Mouse Trapping
Adhesive (The Tanglefoot Company, Grand Rapids,
Michigan, USA) to the plastic sheet with a caulking
gun. Beetles flying into the screen dropped onto the
angled plastic sheet and got caught in the adhesive.
When the traps were first set up we applied four beads of
adhesive along the length of the plastic sheet. As the
adhesive became saturated with insects, pollen, or other
materials we laid down additional longitudinal beads of
adhesive. Further details of trap construction are available from the first author.
We placed two traps in each of the seven locations. We
placed one trap 25 m from the forest edge and the second
trap 50 m from the forest edge. We offset the traps by
50 m laterally. Both traps had the ‘‘trapping side’’ of
the screen facing the forest, so that they only caught
beetles flying from the direction of the woodlot. We
visited each trap weekly from the beginning of May until
the end of August. During each visit we removed all
longhorned beetles and placed them in vials of Histoclear (National Diagnostics, Atlanta, Georgia, USA).
We identified the species using Yanega (1996). Species
caught by either the Lindgren funnel traps outside forest
in 1999 or 2000, or by the flight intercept traps in 2001
were categorized as species that will move in non-forest
areas. Species not caught by either method, but caught
in a Lindgren funnel trap within forest (Holland et al.
2004) in these same areas were categorized as species
that do not move in non-forest areas. While this binary
classification is not sufficient to test the idea that there
is a relationship between movement and scale of
response we use it in a subsequent study of extinction
thresholds.

Scale (radius of measurement, m)
Fig. 1. Example of Focus output showing model fit (Pearson
correlation coefficient) between forest cover and beetle abundance for Urgleptes signatus (LeC.). Means are from 200
regressions of beetle abundance and forest cover, with each
regression done on a randomly chosen set of spatially independent points. Note the change in x-axis scale at 200 m.
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spatially independent points at the largest spatial scale
(2 km) we considered (Holland et al. 2004).
We considered the scale of response to be the scale at
which the Pearson correlation coefficient had a local
maximum (peak), and had standard error bars that did
not overlap those either at a smaller local maximum or
at the smallest scale. It is important to note that we were
not conducting a statistical test at this point. We used the
standard error bars only as a consistent rule (selected
a priori) to select the characteristic scale of response
for each species. Using 95% confidence intervals would
have been a more conservative method, but the large
number of sampling sites with zero abundances combined with the small sample size within each regression
caused large variation in the calculated model fit
measures. In Holland et al. (2004) we simply took the
scale of maximum correlation to be the scale of response.
We use a different approach here because we are testing
different hypotheses. It is important to refine the
selection method (a priori) based on the hypotheses,
especially because some species may show several peak
scales of response because different species-habitat
phenomena operate at different spatial scales (Kinnunen
et al. 2001).

Determining body size and whether larvae use
ephemeral hosts
We used the median of the range of lengths specified in
Yanega (1996) as the body size for each species.
Cerambycids whose larvae develop in newly dead wood
were considered to be using an ephemeral resource
(Kletecka 1996). We searched the literature for information on the condition of larval hosts of the species we
caught (Linsley 1962a, b, 1963, 1964, Linsley and
Chemsak 1972, 1976, Yanega 1996). Descriptions such
as ‘‘newly felled,’’ ‘‘recently cut,’’ ‘‘unseasoned’’ and
‘‘sound deadwood’’ were considered to indicate recently
dead wood. Species whose larvae developed within wood
described as ‘‘decaying,’’ ‘‘soft,’’ or ‘‘seasoned,’’ were
considered to develop within older dead wood. These
larval habitats were considered not to be ephemeral.
Of course, such logs do eventually become unavailable
to longhorned beetle larvae, but at a rate of decades
not one to a few years as for the recently dead wood
habitats.

Analyses
To compare the response of oligophagous and polyphagous species to the total amount of forest we used a
t-test, assuming unequal variances, to compare the
average Pearson correlation coefficients of these two
groups at the characteristic scale of response (scale
corresponding to the maximum model fit) to habitat
104

amount (Fig. 1). We used the 12 polyphagous species
from Holland et al. (2004) plus 15 species determined to
be oligophagous. We left out 4 additional species
(Hyperplatys aspersa (Say), Molorchus b. bimaculatus
(Say), Neoclytus a. acuminatus (F.), Phymatodes aereus
(Newm.)) that did not respond positively to the proportion of forest habitat at any of the spatial scales
considered.
To test the hypothesis that larger beetles responded to
habitat at larger scales we conducted a linear regression
between the median adult body length of species and the
scales at which they responded to habitat amount. The
characteristic scales were transformed by taking natural
logarithms before analysis because these ranged over
three orders of magnitude (Holland et al. 2004). We used
analysis of variance (ANOVA) to check the significance
of the resulting linear relationship.
To test the hypothesis that species that use ephemeral
habitat respond to habitat at a larger characteristic scale
than other species we again used a t-test, assuming
unequal variances, to compare the natural logarithm of
the scale of habitat response.

Results
The t-test did show that the correlation coefficients
for the polyphagous species were higher than for
the oligophagous species (df/23, t /3.56, p/0.002,
Fig. 2a). This indicates that the polyphagous species
respond more strongly to the total amount of forest than
the oligophagous species. This does not invalidate
the scales at which the oligophagous responded to forest,
but it does suggest that not all forest is habitat for
these species. Therefore, because we do not have a
good measure of the amount of habitat for them,
the characteristic scales of response may be suspect for
the oligophagous species. For this reason, the analyses
that follow were done using only the polyphagous
species. Table 1 lists all the species and their characteristic scales of response to proportion of forest in the
landscape, median body size, as well as whether or not
they use an ephemeral larval resource according to our
criteria.
There was a marginally significant positive relationship between the median body length for the polyphagous species and the scale at which they responded
to forest habitat (df/11, F /4.26, p/0.066, Fig. 3).
This relationship explained 30 percent of the variability
in the scale of response. Species that used ephemeral
habitat did not show a greater scale of response to forest
proportion than those not using ephemeral habitats
(df /3, t/2.19, p /0.1, Fig. 2b). In fact the general
trend was for the species using ephemeral habitats to
respond at smaller scales.
OIKOS 110:1 (2005)
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Discussion
Different species of longhorned beetles responded to
habitat amount at different spatial scales, with the
characteristic scales of response varying over 3 orders
of magnitude. This was shown in a previous study for the
polyphagous species in this study (Holland et al. 2004).
The different scales of response suggest that it may not
be appropriate to use a single spatial scale in studies of
multiple species, at least in cases where the species
respond at very different spatial scales. Using a single
scale for all species in such cases may cause the trends
being examined to be weakened for many species. Singlescale studies can lead to some species showing a stronger
response to habitat variables because they happen to be
measured closer to the characteristic scale of response of
those species. The response of other species will appear

Stable habitat

Fig. 2. (a) Comparison of model fit
between polyphagous and
oligophagous species. The r-values
for each species are the mean value
at the characteristic scale of response
to habitat amount for that species.
(b) Comparison of the characteristic
scale of response of species with
larvae that develop within ephemeral
wood conditions and those that
develop within longer-lasting wood
conditions. Error bars represent one
standard error.

to be weaker simply because the species /habitat relationship is strongest at a different scale.
It is not surprising that the polyphagous species
showed a stronger relationship with overall forest cover
than the more specialized oligophagous species. If these
latter species are responding to only a subset of the
overall forest this response will be weaker than for
species that are responding to all forest. However,
despite the intuitive nature of this result, it suggests a
cautionary message to ecological researchers, namely
that if habitat is not carefully defined from the organism’s point of view the detected relationships between
the organism and it’s habitat will be weakened. Some
species will appear to respond more strongly to some
measured variable not because the actual relationship is
stronger, but only because the habitat is better defined
for those species.

Table 1. Species of cerambycid beetles that feed on dead wood and were caught at at least five trapping sites. Poly./Olig. refers to
whether the species is polyphagous or oligophagous in the larval stage according to our criteria (methods). Ephem? refers to whether
the larvae develop within an ephemeral stage of log decay. A blank in the Ephem? column indicates that we were unable to assign the
larval habitat to either condition.
Species
Bellamira scalaris (Say)
Evodinus m. monticola (Rand.)
Gaurotes cyanipennis (Say)
Liopinus alpha (Say)
Microgoes oculatus (LeC.)
Stictoleptura c. canadensis (Oliv.)
Strangalepta abbreviata (Germ.)
Strangalia luteicornis (F.)
Trachysida mutabilis (Newm.)
Trigonarthris minnesotana (Csy.)
Urgleptes signatus (LeC.)
Urographis fasciatus (DeG.)
Analeptura lineola (Say)
Anthophylax attenuatus (Hald.)
Astylopsis macula (Say)
Astylopsis sexguttata (Say)
Clytus ruricola (Oliv.)
Cyrtophorus verrucosus (Oliv.)
Hyperplatys maculata Hald.
Lepturges symmetricus (Hald.)
Oplosia nubila (LeC.)
Saperda imitans Felt & Joutel
Sarosesthes fulminans (F.)
Stenocorus schaumii (LeC.)
Trigonarthris proxima (Say)
Urgleptes querci (Fitch)
Xylotrechus colonus (F.)
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Poly.
Poly.
Poly.
Poly.
Poly.
Poly.
Poly.
Poly.
Poly.
Poly.
Poly.
Poly.
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Olig.
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160
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200
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20
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20
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Fig. 3. Relationship between median body length and the
characteristic scale of response at which dead wood polyphagous species responded to proportion of forest.

We suspect that stronger correlations would be found
between species numbers or occurrence and habitat
measures with a better classification of habitat. Although
we have distinguished forest habitat from forest nonhabitat, we are still essentially using a binary view of the
environment. A classification within forest habitat based
on habitat quality would be still more biologically
meaningful (Thomas and Kunin 1999). This may be
difficult to achieve in a way that can applied to several
different species at once (Clarke et al. 1997), but this is a
logical next step in our efforts to tune into environmentspecies signals with spatial scaling.
The hypothesis that larger beetles should respond to
amount of forest habitat at larger scales was supported.
The relationship between median body length and scale
of response to forest was quite strong, explaining 30% of
the variation in scale of response (Fig. 3). As far as we
know, this is one of the first empirical tests of this
specific hypothesis, although Roland and Taylor (1997)
made a similar discovery in that the scale of response of
four parasitoid fly species to forest structure was
positively related to body mass. Steffan-Dewenter et al.
(2002) found that the different bee (Hymenoptera) guilds
responded to landscape context at different spatial
scales. Researchers have found that larger animals tend
to move farther and this may lead to larger animals
responding to their surroundings at larger scales. Bowman et al. (2002) controlled for the relationship between
mammalian body mass and movement distance in their
study. Although this was not the main focus of their
work, they found that body mass explained 50% of the
variance in dispersal distance, and 67% of the variance in
maximum successful return distance following relocation. Sutherland et al. (2000) and Peters (1983) have
found a positive relationship between body mass and
maximum dispersal distance for both mammals and
birds. It is possible that greater movement of larger
species is behind the relationship between body length
and characteristic scale of response. Regardless, the
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larger species are responding to forest cover at larger
scales.
We did not find any evidence that species that develop
in more ephemeral habitats responded to forest at
greater scales than those developing in longer-lasting
habitat. This prediction was based on the idea that
species that move greater distances will respond to the
amount of habitat at larger spatial scales. It is possible
that species of saproxylic longhorned beetles that must
disperse between ephemeral habitats do not necessarily
move farther than those species that utilize longerlasting larval hosts. While some longhorned beetle
species do not need to move from the larval host log
to feed as adults, mate and oviposit (examples described
in Craighead 1950), other species require adult food
resources that are potentially far from the larval host.
These latter species tend to disperse farther than those
whose larval and adult resources are in close proximity
(Shibata 1987, Barbalat 1995, Hanks et al. 1998, Hanks,
1999). Therefore, movement may be determined as much
by the food requirements of the adults as it is by whether
or not the larval host conditions are stable.
It is also possible that the relationship between the size
of the species and the scale of response obscured the
effects of ephemeral larval habitats. Kletecka (1996)
noted that species using the more ephemeral early dead
wood tended to develop faster and be smaller. The very
small number of polyphagous species for which we have
data on whether the larval habitat is ephemeral or stable
precluded the separation of these effects. More data on
the movement and life history of more longhorned beetle
species would allow the relationships between these traits
and the characteristic scale of response to be further
examined.
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Økland, B., Bakke, A., Hågvar, S. et al. 1996. What factors
influence the diversity of saproxylic beetles? A multiscaled
study from a spruce forest in southern Norway. / Biodiv.
Conserv. 5: 75 /100.
Perry, G. and Garland, T. 2002. Lizard home ranges revisited:
effects of sex, body size, diet, habitat, and phylogeny.
/ Ecology 83: 1870 /1885.
Peters, R. H. 1983. The ecological implications of body size.
/ Cambridge Univ. Press.
Roland, J. and Taylor, P. D. 1997. Insect parasitoid species
respond to forest structure at different spatial scales.
/ Nature 386: 710 /713.
Rukke, B. A. and Midtgaard, F. 1998. The importance of scale
and spatial variables for the fungivorous beetle Bolitophagus
reticulatus (Coleoptera, Tenebrionidae) in a fragmented
forest landscape. / Ecography 21: 561 /572.
Safranyik, L. and Moeck, H. A. 1995. Wood borers. / In:
Armstrong, J. A. and Ives, W. G. H. (eds), Forest insect pests
in Canada. Nat. Resour. Can. Can. For. Serv, pp. 171 /177.
Samuelsson, J., Gustafsson, L. and Ingelög, T. 1994. Dying and
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