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FORFST ENTOMOLOGY

Spatial Dynamics of the Invasive Defoliator Amber-Marked Birch
Leafminer Across the Anchorage Landscape

J. E. LUNDQUIST,' R. M. REICH,? axp M. TUFFLY?

§. Econ. Entomel. 165(5): 1658-1667 (2612); DOE: htip://dx.doiorg/10.1603/EC11405
ABSTRACT The amber-marked birch leafminer (Proferusa thomsoni [Konow]) (Hymenoptera:
Tenthredinidae) has cansed severe infestations of birch species in Anchorage, AK, since 2002. Its
spatial distribution has been monitored since 2008 and summarized using interpolated surfaces based
on simple kriging, Results indicate that this insect pest is unevenly distributed, occurring in multi-
neighborhood sized patches that migrate from vear to year. Patches showing heavy infestation one
year are followed by light infestations the following vear. In this study, we developed methods of
assessing and describing spatial distvibutions of P. thownsoni as they vary from year to year, and
speculate on potential causes of these trends in fandscape patterns.

KEY WORDS urban landscape, spatial aralysis, urban insect pest

The amber-marked birch leafminer (Proferusa thom-
soni [Konow] ) has become one of the most important
invasive alien insects in the State of Alaska. Until
recently, Alaska had been free of significant invasive
alien forest pests. The amber-marked birch leafminer
was first found in Anchorage, AK, in 1996, although
there is evidence suggesting it was present as early as
1982 near Haines. In recent years, this imsect has
caused severe defoliation of native birch species
{dwarf arctic birch |B. nana L.}, resin birch [B. glan-
dulosa Michaux], paper birch [B. papyrifera Mar-
shall], Alaska paper birch [B. neoalaskana Sargent],
western paper birch | B. papyrifera vaviety occidentalis
Fernald], and Kenai birch [B. kenaica (W. H. Ev-
ams) ] ) as well as horticultural varieties (Digweed etal.
1997, Snvder et al. 2007) in Anchorage, the Fairbanks
avea, Haines, Skagway, and parts of the Kenai Penin-
sula (USDA Forest Service 2000-2810). The insect is
now rapidly spreading beyond these urban areas into
the surrounding wildland forests. The bioclogy and
ecology of the amber-marked birck leafiniver in
Alaska was recently reviewed by Snyder et al. (2007).

Like most leaf-mining sawflies, the amber-marked
birch Teafminer is urivoltine. It overwinters in the
forest duff as prepupae, and begins emerging in late
May to early July when leaves form on birch trees.
Depending on temperature and kumidity, adult in-
sects continue to emerge for most of the summer.
Adults are 0.2-2.0 em lorg, black in color, 2nd almost
akvays females. Oviposition peaks in late June. The
larvae that emerge from eggs after 12 d feed on the leaf
tissue between the epidermal layers, forming blotch

} Corresponding authror: Region 10 Forest Health Protection and
Pacific Norfhwest Research Station, USDA Forest Service, Anchor-
age, AX 99503 {emnrail: jlundquist@fs fed.us).

% Depurtnrent of Forestand Rangeland Stewardship, Colorado State
Usiivensity, Port Collins, CO 505231472,

mines that enlarge as sawfly larvae develop, often
coalescing when larvae are crowded (Digweed et al.
2009). The larvae pass through six instars, the last of
which cuts a hole in the leaf, drops to the litter below,
burls into the duff, and pupates (Digweed et al. 2009).
Impacts to trees are limited primarily to decreased
esthetic values because of browning, distortion, or
premature loss of foliage. To avoid these impacts,
many landowners apply large volumes of insecticides
(M. Rasy, University of Alaska Fairbanks, Cooperative
Extension Service, personal communication).

In addition to the amber-marked birch leafminer,
the late birch leaf edge miner (Heterarthrus nemoratus
Fallen) and the birch leafminer (Fenusa pusnila Leach)
are sawflies that also cause considerable impacts to
birch trees in Alaska. Leaf-mining sawfly species are
commonly identified on the basis of location of injury
in the tree crown and the characteristics of the leaf
mines. The amber-marked birch leafminer attacks ma-
ture leaves in the mid- to lowerhelf of tree crown,
causing brown blotch-like lesions to form mestly in the
center of the leaf.

Lesions caused by amber-marked birch leafimirer
on individual leaves increasein size until the leaves are
completely brown; eventually, the entire cronen of 2n
infested tree turns brown. Trees grewing in different
sections of Anchorage vary in severity of mfesintion,
Little is known about how these insedis dispeise ever
short distances or the broad-scale spaital patterns Ghat
result from this local dispersal. Boged on fmived Bekd
observations, uninfested birch trees withim 29 m efan
existing amber-marked birch leafmiersr infesiniton ure
likely to become heavily infested within & v Bhe-
lihood of infestation and amberemaked hirch
leafminer abundance both steeply dourezse widh i

tance.



Fig. 1. Outline of study area within the Anchorage urban area. This covers 3,079 km® of land base area.

The objectives of this study were as follows: 1)
examine trends in amber-marked birch leafminer in-
festation severity in the Anchorage area using various
methods to characterize the global averages; 2) gen-
erate spatial models of the distribution of the amber-
marked birch leafminer; and 3) compare and contrast
spatial distributions across years.

Methods and Materials

Survey Data, inping in 2006, the US. Forest
Service (USFS) Forest Health Protection (FHP) iden-
tified 140 trees for incorporation into a long-term
monitoring network to follow the distribution, spread,
and severity of the amber-marked birch leafminer
infestation in a large section of the city of Anchorage
(Fig, 1).Sites were selected throughout the study area
based onease of access (e.g, parks, parking lots, etc.).
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A small branch was removed with pole pruners from
mid-crown as possible and on the outside edge of the
crown. Fifty leaves were randomly selected from each
clipped branch and the number of leaves with at least
one amber-marked birch leafminer blotch was tallied.
The same trees were sampled each year. Beginning in
2008, the number of leaves with evidence of late hirch
leaf edge miner were also identified and counted. For
2006 and 2007, only P. thomsoni was tallied. Beginning
2008, H. nemaioris was counted when the incidence of
this insect bevame increasingly notable. As its name
implies, the late birch leaf edge miner causes lesions
at the edge, but these Yesions are a distinct reddish
’Ora!mlk volor, free of frass, wnd with surfaces that crack
easily.

Global Extirmaites of the Severity of Infestation.
Avifluretic Memn. The mean averape intensity, or
lobal mean, woress the sorly 2rea is a commonly
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metric used to characterize intensity of insect infes-
tation. The simplest method of estimating the global
mean is to calculate the average severity of the infes-
tation at the 140 sample sites. Because of restrictions
in identifying sample sites and the need to spread the
sample uniformly throughout the city, there was a
tendency to select more sites in the heavily infested
areas of the city. While it is likely that these samples
give good information of the mean in these areas, they
may not be representative of the remaining area. Con-
sequently, the arithmetic mean may provide a poor
estimate of the population mean.

Thiessen Polygons. The second method used to es-
timate the global mean was based on a polygon
method that assigns each data point a zone of influ-
ence. Thiessen polygons that are the simplest to con-
struct were defined such that the boundaries of a given
polygon are closest to the polygon’s spatial data point
than to any other spatial point in the study region.
Once the polygons have been constructed, the global
estimate was obtained by weighting the sample data
(z,) proportional to the size of the polygon:

EA:'Z:'

i=1

c= 4 [1]

where A, isthe size of the ith polygon and A is the total
area of the study region. Thus, clustered samples will
get small weights, while samples associated with large
polygons will be more heavily weighted.

Inverse Distance Weighting (IDW). IDW was used
to interpolate the sample data to a 1,700 X 1,617 grid
with 2 9.1 X 9.1 m (30 X 30 feet) spacing. IDW is a
deterministic estimation method where values at the
grid intersections were determined by a linear com-
bination of values at known sampled locations. IDW
makes the assumption that values closer to non-
sampled locations are more representative of the value
to be estimated than samples further away. Weights
change according to the linear distance of the samples
from the nonsampled location. The spatial arrange-
ment of the sample data does not affect the weights.
A remove-one cross validation was used to determine
the number of sample points to use in the interpolation
that would minimize the mean squared prediction
ervor. The estimate of the global mean was obtained by
averaging the interpolated values across the grid

ja

swhere r and ¢ are the dimensions of the grid and 3 are
the interpolated values.

Kriging. Kriging was used to interpolate the sample
data to a 1,700 X 1,617 grid. Kriging is a stochastic
mhethod similar to IDW in that it uses a linear combi-
nation of weights at known locations to estimate the
vatae at an anknown location. Kriging uses a semivar-
jogram, which measures the average degree dissimi-
latity between unsampled locations and nearby
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Taklle 1. Changes in the severity of the amber-marked hirch

lcefmimer and the late birch leaf edge miner infestations i An-
chorage, Modin from 2006 to 2010

Mean no. infested leaves

Year Amber-marked birch Late birch leaf edge
leafminer (%) miner (%)

2005 269 (54%)

2007 22,8 (46%)

2008 167 (33%) 182 {36%)

2089 12.4 (25%) 77 (15%)

2910 14,0 (28%) 151 {30%)

(kmown) points in computing the weights, so the
weights change according to the spatial arrangement
of the sample data. A remove-one cross validation was
used to determine the number of sample points to use
in the interpolation as well as selecting the semivar-
iogram model (Gaussian, exponential, and spherical)
that would minimize the mean squared error of pre-
diction. The global mean was obtained by averaging
the interpolated values across the grid (equation 2).

Spatial-Temperal Dvnamies of the Infestation. To
study the dynamics of the insect infestation, we were

* interested in observing where the severity of the in-

festations increased each year. To identify these areas
the interpolated surface of the severity of the amber-
marked birch leafminer infestation in 2006 was sub-
tracted from the one developed for 2007. If the change
in the severity was positive it was assigned a value of
1, and 0 otherwise. This process was repeated to es-
timate the change in the severity of the infestation of
amber-marked birch leafminer between the time pe-
riods: T1 = 2006-2007, T2 = 2007-2008, T3 = 2008-
2009, and T4 = 2009-2010.

Results

Global Estimates of the Severity of Infestation. Re-
sults of these surveys indicate that the amber-marked
birch leafminer has been the dominant species across
the Anchorage bowl, but that its overall severity has
been steadily decreasing, From 20062009, leal mining
severity caused by amber-marked birch leafminer de-
creased by half; after which, it showed a slight increase
(Table 1). In contrast, the late edge birch leafminer
showed a notable drop in severity from 2008 to 2003,
followed by an increase in 2010, where it was slightly
more severe than amber-marked birch leafininer. All
four methods provided similar estimates of the glohal
mean for both sawflies (Fig. 2). The arithmetic mean
consistently overestimated the level of amber-marked
birch leafminer infestation compared with the other
three methods, but by very little. This could be be-
cause of the restrictions imposed on selecting the
sample sites and any inherent biases associated veith
selecting infested trees over noninfested treesforsan-
pling.

Spatizl Distribution of AmberMarked Bucch
Leafminer. Figure 3 compares the interpolated sar
faces of the intensity of the amber-meaked bach
leafminer infestation in 2007. All three Wteypelation
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Fig.2. Changesin the severity (number of infested leaves out of 50 total) of the amber-marked birch leafminerinfestations
in Anchorage, AK, from 2806 to 2010. Four methods were used to estimate the level of infestation; (1) arithmetic mean, 2)
Thiessen polygons, (3) inverse distanoe weighting, and (4) krdiging.

methods produced similar surfaces. The Thiessen
polygons provided a simplistic view of the infestation
in that relatively large areas received a single value.
The surfaces generated using IDW and kriging beiter
reflect the infestation in that both interpolation meth-
ods provided details in areas that were not sampled.
The surfaces generated using kiging were closer to
the Thiessen polygon maps than the IDW surfaces,
suggesting a better approximation to the original data
and so the suwrfaces generated using kriging were se-
lected for use in the latter analysis.

Spatial Dynamics of the Severity of Amber-
Marked Birch Leafminer Infestation. Figare 4 dis-
plays the locations where the severity of infestation

increased from the previous year. Notably, the areas
showing zn increase in severity form somewhat dis-
joint groups. Areas that experienced an increase in
infestation tended to not experience another increase
in at least the next two time periods.

In 2006, the entire study area is infested with amber-
marked birch leafminer with an average severity of
26.9. Between 2006 and 2007 (T1) 28% of the area
experienced an increase in the intensity of the infes-
tation (24.4-30.6), while 72% of the area showed a
decrease (27.9-19.8) (Fig. 5). Because most of the
area experienced a decrease, the overall severity de-
creased to 22.8 (Table 1).
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Fig 4. Comparison of the areas (black polygons) that showed an increase in the severity of amber-marked birch leafminer
infestation between (a) 2006-2007, (b) 2007-2088, (c) 2008-2009, and (d) 2003-2010. The shaded areas represent areas that
experienced an increase in the severity of infestation in previous time periods.

In the second time period (T2) the severity of the
infestation jncreased in new areas, with some overlap
from previous time period (Fig, 4). The area of in-
crease (19%) was less than that observed in the first
tme period. Eighty-eight percent of this increase was
in mew areas, while only 11% was in areas that expe-
rienced an increase in Tl (Table 2). This latter in-
crease occurred in areas that had severities on the
lower end 2nd heving more potential to increase than
ereas having higher levels of severity. In the areas
showing 2 imcrease, the severity increased from 16.8
to 22.3, while areas showing a decrease the severity
decreased from 24.2 to 13.8 (Fig. 5). Because most of
the arez experienced a decrease, the overall severity
decreased to 167 (Tzble 1).

In the third time period (T3), the severity of the
infestation ircreased to cover 31% of the area repre-
senting the largest increase (Fig. 4). Sixty-four per-
cent of this increase was in new areas, 24% in areas
showing an increase in T1, and 10% in areas shewing
zn increasein T2 (Table 2), which suggests that aver-
time areas becoeme more susceptible to higher levels of
fnfestation. In the areas showing an increase, the se-
verity incrersed from 10.1 to 15.8, while aveas showing
a Jectease n severity decreased from 17.8 0 8.8 (Fig.
5). Becaase mast of the area experienced a decrease,
the overall severity decreased to 12.4 {Table 1).

o the fourth time period (T4) e severity of the
infestation ncreased to cover 58% of the area that is
aliwost double that ebserved in T3 {Fig. 4). Rorty-five
pezcent of this increase was in nevwaress, 22% in areas

1

showing am increase in T1, 19% in areas showing an
increase in T2 and 10% in areasskowing an increase in
T3 (Table 2). This is similar to the trerds observed in
T3. In areas showing an increase, the severity in-
creased from 8.6 to 16.2, while areas showing a de-
crezase the severity decreased from 143 to 8.9 (Fig. 5).
Because the area associated with this increase ex-
ceeded half, the overall intensity increased to 1490
(Table 1). Looking at the average trend over time
(Fig. 5), one can see that the intensity of the infesta-
tion decreased at an increasimg rate irrespective of
whether the arez experierced am increase or decrease
in the intensity of the infestation.

At the end of the fourth time period the infestation
had very little room to increase and itis predicted that
the overall severity of infestation will decrease. Only
10% of the area has never experienced an increase in
the severity of infestation (Fig. £). In addition, only
19% of the area that was 2ssociated with an increase in
severity in Tk is available (or 5% of the area), 14% of
T2 (or 3% of the area) z2nd 75% of T3 (23% of the area)).
The area asseciated with an increase in infestation will
be on the lower side resulting in an overall decrvase
in the level of infestation.

Biscussicn
This survey shews thet the amber-meskad birdh
leafminer is irregularly distribated across the Awdlver-
age landscape, and that the distsibution vartes frewm
year to vear. The changing distributien of s ingect
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Fig.’5. The change in the severity of amber-marked birch leafminer infestation in the areas associated with an increase
{A) ordecrease (B) in the severity of the infestation over time. The smooth lines represent the average change in the severity
of tthe iinfiestation wver time. Severity is equal to number of infested leaves out of 50 total leaves examined.

cregfies distinct, patchy landscape-scale patterns in-
volving multiple trees synchronized across multiple
wibvam peichberhoods. Furthermore, annual trends
sumgsest that lecations of relatively high severity one
vear experience relatively low intensity the following
vezr. These trends and patterns would likely be hid-
dien 4t qpatial sedles smaller than the landscape. How-
ever, synchronization among patches at lesser spatial
scales create a distinct paitern of infestation at the
lamdscape scalle. How different insect species respord
to different environmental variables or conditions var-
ies with spztial scale of observation.

At the individual patch scale, survival, and spatial
extent of individual insect populations depend on var-
ious intrinsic and extrinsic factors that influence birth
(B), death (D), immigration (I), and emégration (E)
rates. In this regard, the size of an insect population at
any location cam be represented by the following
equation (Berryman 1986):

AN=B-D+i{—E I3]

where AN = change in populztion wasdber within a
given arez, B = birth rate, D = desth mate, ¥ = immi-
gration rate, snd E = emigraticn mite. Eguation 3

ried hivels leafid e Mol
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suggests many reasons for the increasing or diminish-
ing abundance in individual paiches, and thus the
diversity among patches. Following is a discussion of
the factors and the roles they may play in influencing
the spatial distvibution amd zbundance of amber-
marked birch leafminer across municipal landscapes.

Density Dependent Forces. Endogenous density
dependent forces could cause areas with high density
larval populations to be crowded, such that larvae may
compete with each other or become cannibalistic,
increasing D while decreasing B. In support of this
idea, it is common, especially late in the season, to find
two or more larvae sharing a lesion formed when two
or more individual blotches coalesced.

Natural Enemies. Anderson and May (1980, 1981)
suggested that cyclic fluctuations of insect populations
could be driven by natural epemies. Impacts of fluc-
tuating mative parasitoid and predator populations
could affect the spatial distribution of P. thomsoni. The
roles of natural enemies of urban and forest insects are
thought by many to be significant factors controlling
fluctuations and stability of host insect populations
(Elton 1927, Andrewartha and Birch 1954). Reeve
(1988) coins the term “equilibrium theory” as “the
regulation of imsect populations about an equilibrium
point by the density-dependent coupling between the
insect and its natural enemies . ..” A massive body of
literature has focused on this subject (Dwyer et al.

. 2000, 2004). Work on developing biclogical controls of
the amber-marked birch leafminer in Anchorage has
received much attention in recent vears.

In this regard, the city of Edmonton, Alberta, Can-
ada, had a similar problem with the amber-marked
birch leafminer during the 1970s and 1980s. This
nearly 20-yr infestation ended with the emergence of
a native parasitoid, Lathrolestes luteolator Graven-
horst, which switched hosts, becoming parasitic to P.
thoinsoni. This parasitoid is credited with eliminating
the amber-marked birch leafmimer from Edmonton. In
2003, a cooperative biclogical cortrol program featur-
ing L. luteolator began in Anchorage. This work has
generated a much better understanding of the biology,
ecology and impacts of the amber-marked birch
leafminer, and ultimately the application of Lathro-
lestes sp. will probably have a very significant impact
on the population of amber-marked birch leafminer.
Nevertheless, operational use of Lathrolestes sp. is
probably still some vears away.

Induced Resistance. Changes in tree physiology that
influence susceptibility could result in delayed in-
duced resistance. Plants defend themselves against
herbivores like P. thomsoni in many ways. These de-
fense mechanisms can be classified as constitutive or
induced. Constitutive mechanisms ave preexisting
cherical or structural barriers that prevent, retuce, or
othenvise minimize the impact of a plant feedirg in-
sect. Induced mechanisms are stimalated by nonlethal
ingress of an herbivore or other source of damage wr
injury {Karban and Baldwin 1997, Tollrian and Harvell
1998, Agrawal et al. 1999). The induced resistance
hyvpothesis states that plants aitacked by ingect brer-
biveres are stimulated to produce clvemicals that meg-
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atively impact the development and growth of the
insects. This phenomenon kas been examined in sev-
eral host-insect herbivore systems {Ohgushi 2083),
especially birch species (Neuvemen znd Niemeld
1991). According to Bryant et al. (1933), delaved in-
duced resistance is expressed in Allaska paper birch as
a prolonged condition of decreased leaf food quality
for early instar insect defoliators, smaller leaf size,
declining nitrogen levels in leaves, and increasing con-
centrations of phenolics and other secondary com-
pounds.

Moultiple Causes fer the Patchy Patterns af Infesta-
tien. The top-down hvpathesis argues that matural
enemies keep the herbivere population in check. The
bottom-up hypothesis argues that plant quality eorn-
trols herbivore populations. According to Ylhioja et al.
(1999), “many factors that affect population abun-
dance. can act in either a densitv-dependent or den-
sity-independent fashion, but the relative contyibu-
tion of exegenous and endogencus effects remazins an
open question...” According to Humter and Price
(1992), “The real issue is whether or not we can accept
the fact that many ecological factors simuliarecusly
determine the patterms we chserve in matural com-
niunities (Southwood 1975, 1977b, Quinn and Dun-
ham 1983, Courtney 19SS, Leibold 1989), that the
dominant forces will vary within arnd among systems
(Karr et al. 1992), and that incorperating and mea-
suring that variability will increase our understzading
of population and commaunity ecology.”

Dispersal. One way that insects respond to defense
mechanisms is to modify feeding behavior (Stamp and
Casey 1993) by dispersing to different locations,
which could be reflected in the changing spatial dis-
tribution of P. thomsoni. Equation 3 saggests various
explanations for the changing abundance of the am-
ber-marked birch leafmimer in individual patches
across Anchorage, but net what czuses populations to
immigrate or emigrate en masse amang locations. Dis-
persal is impostant for all insect populaticns at 2l
spatial scales (Skarov 1936). Gereraily, insect herbi-
vores occupy hosts growing in hahitats in which in-
sects and plants are adapted for growth and repro-
duction. QOften, however. the factors that drive
dispersal and the resulting patterns of distribution are
difficult to determime. Habitat selection theosies
(Rasenzweig 1991) and the dynamics of insect pop-
ulations have been the focus of countless studies
i(Sharov 1996), and manry pepulation dynamics medels
have been developed specifically for forest and tree
insects (Berryman 1958, Lickhald 1924). Mast of these
atter mredels apply to a single population in a discrete
hemogeneous coviromment {Garvie and Golinsii
2010). Many studies lkeve found spatial vatston and
emviveraenta] heteregeneity to be significant factors
in Jefomeiaing past distribrtions. The application of
wretypepahion prindpies o ferest entomology is rel-
ativelly mew, oot Hhave seaus o be incressing interest
in s sppronch fam modeders {eg., Gurvie snd Go-
Tmshi 2000, Misze ot &L 2002 Han et <l 2009,
Sedberrand ot 2l 200, Crevta 2009, Sun etxl 2068,
Bantren zmd Travs 2005, Goudmeht ot =l Z038). Ac-
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cording to Cronin (2089), “movement, and particu-
lzely the colonization of new habitat patches, remains
one of the least kmown aspects of the life history and
ecology of vast majority of species.”

Spatizl Heterogeneity and the Disaribution of Am-
ber-Marked Birch Leafminer in Anchorzge. The spa-
tial heterogeneity expressed by this insect pest em-
phasizes the meed for spatially explicit studies (Sum et
al. 2088). According to Sobyrand et al. (2009), “.we
are wsually limited in our ability to investigate the
numerical dynamics of nziural populations acress
farse spatizl scales and over long periods of time.”
Equation 3, for instance, applies to a population of
individuals imteracting over limited contiguous area,
which would be equivalent to one of the infested
patch areas feund in Anchorage. The dynamics that
result from interactions between the amber-marked
birch lezfiminer and s host birch (Strong et al. 1984),
or matural ememies and the amber-marked birch
leafminer (Reeve 1988, 1990) are greatly influenced
by this patchy landscape pattern (Comins et al. 1992).
Many studies have shown and discussed the impor-
tamce of patchy emvironments in promoting sustain-
able host populations (Hassell et al. 1991). Reeve
(1988) described one possible mechanism for stability
in patchy emvirorments, “insect populations persists
because they are divided into a large number of sub-
populations, weakly kinked by migration; because the
subpopulations experience different environments,
they are to some extent asynchronous, making the
simultanecus extinction of all subpopulations un-
likely.”

En conclusion, this study looked at the spatial dy-
namics of amber-marked birch leafminer at a spatial
scale associated with an urban landscape. At larger
seales, there is evidence that the spread of amber-
marked birch leafminer may be primarily because of
fuman activities znd mot by naturzl dispersal. Data
from this stedy indicates that the natural dispersal
rates are low, especially in an urban landscape and
very litte is kmown about how amber-marked birch
leafminer would expand throughout the wildland for-
ests of Alaska. The spatial dynamics of amber-marked
birch leafmirer zt larger scales may be quite different
than what was ebserved at smaller scales. Caution
should be taken when concluding that particular pro-
cesses ave unimportant, given that the scale of study
can influence whether or mot effects are shserved.
Given the slow nztura] spread of amber-marked birch
{eafminer, it meay take a lomg time for e spatial pro-
cesses ohserved in 2r arban landscape to influence the
largescale  distribution of awiberwmmded birch
leafminer throughout Alasks.
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