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ABSTIUCT The amber-marlced bfrclln neMinrnmer (Pm/enusa thomsolli [Konow I) (Hymenoptera: 
Tenthredinidae) has c:ruse& severe wesltaEliolIDS of birch spedes in Anchorage, AK, since 2002. Its 
spatial distribuTIon has been moniro.edl smce 2006 and summarized. using interpolated surfaces based 
on simple kriging. Results in<1Ecate th:nt tlffiis insect pest is unevenly distributed, occurring in multi­
neighborhood sized patches thzJc T5.'llgJrate from year to year. Patches showing heavy infestation one 
year are followed by light mfestmoru fue foIllowmg year. In this study, we developed methods of 
assessing and describing spatil!.l distrJibutioru of P. tlwmsoni as they vary from year to year, and 
speculate on potential causes of these trelItds in landscape patterns. 

KEY WORDS urban landscape, spOOal rum21ysis, urban insect pest 

The amber-marked birch leafminer (Pmfenusa thom­
soni [Konow I ) has become one of the most Iimporumt 
invasive alien insects in the State of Alaslka. 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 mse.ct has 
causoo severe defoliation of native birch species 
(Jwalf arctic birch [B. nalla h], resin birch [B. glall­
dttlosa Michaux I, paper birch [B. papyri/em Mar­
shall], Alaska paper birch [B. neoalaskalla Sargent], 
western paper birch [B. prrpyd/era Yariety ocddelltalis 
Fernald 1, and Kenai birch [B. kenaica (W. H. Ev­
ans) I ) as well as hOlticuitural valieties (Digweed et al. 
]997, Snyder et aI. 20(7) in Anchorage, the Fairbanks 
m:ea, Haines, Skagway, and parts of the Ken&i Penin­
SIlla (USDA Forest Service 2QOO-20l0). The insect is 
now rapidly spreading beyond these urban areas into 
the surrounding wildland forests. The biology and 
ecology of the amber-marked birch leafmrner in 
Alaska was recently re\iewed by Snyder et aI. (2007). 

Like most leaf-mining sawflies, the amber-marked 
birch leafminer is univoltine. It overwinters in the 
forest duff as prepupae, and begins emerging in late 
May to eal'ly JUly when leaves fonn on birch trees, 
Depending on temperature and humidity, adult in­
sects continue 'to 'emeTge for most of the summer. 
A.dults are 0.2-2.0 em long, black in color, and almost 
always females. Ovipnsition peRks ill late June. The 
Larvae 'that emerge wom eggs after 12 d reed Olll the leaf 
ti'S'Sue ben'('een 'the epidenual layers, fonning blotch 

I Corresponding tauilior: Region,10 Forest He~lth Protection and 
Paci1ic Northwest ResearCh Station, \.;-SDA Forest Seroce, Anchor­
a~, Ali:: 9950l te"mrul:jiuudquist@fsied.us). 

" IJepl1rtnl"eni: ofForestm>d-Rangehmd StewardshIp, Colot"&do Sbite 
t:'nh'e'll!ii~, ,POIt Collins, <cO S052-l>-1472. 

mines that enlarge as sawfly larvae develop, often 
coalescing when larvae al'e crowded (Digweed et al. 
2009), The lal-vae pass through six instal'S, toe last of 
which cuts a hole in the leaf, drops to the litter below, 
burls into the duff, and pupates (Di~veed et al. 2009) . 
Impacts to trees al'e limited pdmalily 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, Cooperatiye 
E>..tension Service, personal communication). 

In addition to the alllber-marked birch leafminer, 
the late birch leaf edge miner (Heterarthnls nemomtus 
Fallen) and the birch leafminer (Fenllsa p11mi la Leach) 
are sawflies that also cause considerable impacts to 
birch trees in Alaska. Leaf-mining sawfly species are 
commonly identified on the basis oflocatiol1 of injury 
in the b-ee crown and the characteristics of tbe leaf 
mines. The amber-mal'ked birch leafminer attacks ma.­
ture leaves in the mid- to lower-bill rM t~:ee 0"0"\1.'11, 

causing brown blotch-like lesions to fon11 mostly ill the 
center of the leaf. 

Lesions caused by amber-marked birch Jeafminer 
on il1dividualleaves increasein size untill tt.re lea\-es mt""e 

completely brown; eventually, the entire 't:i~fwn t\f 1m 

infested tree turns brown. Trees gmwingi.nrdiffi:.l~t 
sections of Anchorage vary in sevaity 'df inl~.t~. 
Little is known about how these i.J.~~lS\'l Gl\~r 
short distances or the broad-scaYe.l\PmlJ!.il&tretnskt 
result from this local dispersa!I. a~d Ilil"n m~ £i~kt 
observations, uninfested birch b'e'e"S viGdnVillll(hn 'tlif~ 
e:dsting amber-mal'ked birch lea%rn.itltlr~ntue 
likely to become hea\ily infested V\'~~mll 'it ')~ ~­
lihood of infestation and .£.ll~H"fM;~ "WKb 
leaf miner abundance both stcmp>ly ~~ -vt~ • 
tance, 
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Fig. 1. Outline of study area within the Anchorage urban area. This covers 5,079 km2 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 disttibution of the amber­
maI'ked birch leafminer; and 3) compaI-e and contrast 
spatial distributions across years. 

~Iahods :md Materials 

Sun-ey Data. BeginDing in 2006, the U.S. Forest 
Sen'ice (USFS)ForestHealthProtection (FHP) iden­
tiJred 14Q trees for incorporation into 'll long-tenll 
lTl'Onitormglletwoti{ to follow'thetlistribution, spread, 
and se\'<'elitv of 'the amber-mlU-l"ed birch leaf miner 
in!estlltioil ht 'alarge section ohlle city of Anchorage 
(Fig. I,) .:'Sites\'t'el"e se1ected tbl'Oughoot the study.area 
bRsea tm ~ of access (e.g., p:uits. plirldng lots, etc.). 

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 oflea.ves with at least 
one aIllber-marked birch leafnliner blotch was tallied. 
The SaIne trees were sampled each year. Beginning in 
2008, the number ofleaves with evidence of late birch 
!:eaf edge Uliner were also ~nillied and counted. For 
2006 aI1d:2007~ enly P. thornsoruwas tallied. Beginning 
2008, H. nem~~ wasrounted "vhen the incidence of 
'this inset't betllmle increasingly ootahle. As its nrone 
implies, 'tIre lale birch lelK edge miner c:ru!ies lesions 
at the 'edge, but ~se les'ioos are a distinct reddish 
'O~wmr> ~'tl"frG. ~a with smfa~s that crack 
ea;;ilv. 
G~bsl ~ '* lhe ~~ty of Infustation. 

A'iiht~ ~ n.e mam l(W.rage "inlel1!.'l1y, or 
~lt)lml n~ ~ t\e ~ ~ is a commonly 
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mebic 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 
:ueas of the city. While it is likely that these s:unples 
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. 

I1liessen 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 mHu­
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 pomt 
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 
(Zi) proportional to the size of the polygon: 

i=] 

zc= -.-1- [I} 

where "1; isthe size of the ith polygon and A is the total 
area of the study region. Thus, clustered samples ,"viii 
get small weights, while samples associated with large 
p.Glygol'ls will be more heavily weighted. 

Inverse Distance Weighting (mW). IDW was used 
to anterpolate the sample data to a 1,700 X 1,617 grid 
with a 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. Vtleights 
change according to the linear distance of the samples 
from the nonsampled location. The spatial 3lTange­
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 
tJhat would minimize the mean squared prediction 
enor. The estimate of the global mean was obtained by 
averaging the interpolated values across the grid 

1 r r 

ze = - "'V )' Zi' rc L.J.:..oJ ~ [2} 
i = Ij =1 

where rand c are the dimensions of the gIid and zij are 
the futerpolated values. 

Kdgillg. Kriging was used to interpolate the sample 
data to a 1,700 X 1,617 g/id. Kriging is a stochastic 
method 51m11ar to row in that it uses a linear combi­
tJatlbll of weights at known locations to estimate the 
value at all unknown location. Kriging uses a semi\'ar­
i"ogram, which measures the 'average degree dissimi­
larity between unsampled locations and neaIby 

TaLlIe 1. {l\umg.,.. in the .e".".ity of the amher-mamed bir-c-..b 
Ie""""""" ..... lire tote birch leaf ecke miner infestation. in A ... -
"r-r"!l"', _.\1., ... .I,c ....... 2006 to 2010-

Mean no. infested leaves 

¥e2J" Amber-marked bircb Late birch leaf edge 

2096 
2007 
2008 
2939 
20W 

leafminer (%) miner (9<) 

26.9 (54%) 
22.8 (46%) 
16.7 (3.3%) 
12.4 (25%) 
14.0 (28%) 

18.2 (36%) 
7.7 (15%) 

15.1 (3!h"1) 

(knovvn) 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 sanlple points to use 
in the interpolation as well as selecting the sernivar­
iogram model (Gaussian, exponential, and spherical) 
W would minimize the mean squared error of pre­
ruction. The global mean was obtained by averllooing 
the imterpolated values across the grid (equation 2). 

SpmaJ-1fernp<lraJ DynannJics of the IInfestafic)[l. To 
study the dynamics of the insect infestation, we were 
interested in obsening where the sevedty of the in­
festations increased each year. To identify these areas 
the interpolated sUlface 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 .seveIity of the infestation of 
amber-marked birch leafminer between the time pe­
riods: Tl = W06-2-007, T2 = 2007-2008, T:3 = 2008-
2009, and T4 = 2009-2010. 

Result~ 

Globld 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. Fmm :20()6-2009, leaf mining 
sevedtv caused bv anlber-marked birch leafminer de­
creased by half; aftel' which, it showed a slight increase 
(Table 1). In contrast, Ithe late edge birch leafminer 
showed a notable drop in se\'erity from 2008 to 2009, 
followed by an increase in 2010, where it was slightly 
more seyere than amber-marked birch leaf miner. All 
four methods provided similar estimates of the glohal 
mean for both saw-flies (Fig. :2). The arithnoetic mean 
consistently overestimated the level of amber-marl~ 
birch leaf miner infestation compared "ith the otb:e.r 
three methods, but by very little. This cow-d be be­
cause of the l'esmctions imposed on g-e.lectmg 1tt~ 
sample sites and any inherent biases &'S"Sac-w.t~ wftlli. 
selecting infested trees over D<minfestt'd ~srol!·.smn­
pIing. 

Spatial Distribution of A.mb(!t"-~~ ~ 
Leafminer:.-. Figure 3 compares the In'i'elLp.~ ~ 
faces of the intensity of the amool'-lllW.\W 'bht::\ 
leafminer infestation in 2007. An thtree imel~~ 
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Ye4llf' 
Fig.2. Changes in the severity (numbet-ofinfestedleavesoutof50total) oftheamber-markedbirchleafminerinf~ 

in Anchorage, Ai{, from z,oos to :MUO. Il"_ methods "''ere used to estimate the level of infestation; (1) arithmetic me2ll1, 2) 
Thiessen po~ygons, (3) inverse distmce weighting, and (4) kriging. 

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

Spatial Dynamics of the Se\'erity of Amber­
Marked Birch Leafininer Infestation. Figure 4 dis­
plays the locations where the severity of infestation 

increased from the previous year. Notably, the anreas 
showing an increase in severity fonn somewhat dis­
joint groups. Areas that experienced an mcrell!Se in 
infestation tended to not experience :mollie!" mer-ease 
in at least the neJ.i: two time periods. 

In 2006, the entire study area is infested with amber­
marked birch leaf miner v;ith an average severity of 
26.9. Between 2006 and 2007 (Tl) 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). 

Number Lesions 

c:=J 0-1!fQ 

c=J 111-2@ 

.. 21-'SO 

"3'1-40 
"411-SO 

F@. ':1. tlarnJi1!Uiisen 'if ~!8,,) ~ po'~ (b) mverse distance "'~n§, 1llJ1ll f(fG) ~iB ~i!biuglhe ~ 
distrihution q1f'iJre se,,~rt;y ~ ~ mk-mml.~ ~ le&fuliner infes1!a't:illm an &4t_~~ <!lE, 1m ~ 
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Fig. 4. Cc.mpari!iOU of thea.re.as (black polygoTl5) that .showed an increase in the severity of amber-marked birch leafminer 
infestation between (a) 2005--2007, (b) 2007-2008, (c) 2008-2009, and (d) 2000-'M910. The shaded areas represent areas that 
experienced an increase in the severity of infestation in previous time periods. 

m the second time period (T2) the severity of the 
ooesmtiolll increased! in new areas, with some overlap 
from previous time pa;om (Fig. 4). The area of in­
cre8!Se (19%) was less than that observed in the first 
time period. Eighty-eight percent of this increase was 
ill new <areas, while ,~, 11% was in areas that expe­
rienced an mcrease in Tl (Table 2). This latter in­
crease occurred in aJreas that had severities on the 
lower en&. and! h&'..vWg more potential to increase than 
areas haVing rrMgmer Ae~.'els of severity. In the are8!S 
showing an m~ fue severity increased from 16.8 
to :2:2.:3, whiVe aI"eas sB-towing a decrease the severity 
decreased from 24.2 to 13.8 (Fig. 5). Beca.use most of 
the arez. experienced a decrease., the overa.ll severity 
d.ecrease&. to 16.7 (1' :ilile 1). 

fu. the tbird rune period (T3), the severity of the 
infestation increase&. to coyer .31 % of the area repre­
sentiug the largest increase (Fig. 4). Shiy-fom· per­
cen~ of ~his inC'Tease was 'in new areas, 24% ill. areas 
showingJ(ill increasem Tl, and.lO% in ~as sh~"ing 
:!In uncrease ill 1'2 (1i1,ilile 2), which suggests that oYer­
time :ll'Cas become more susceptible to hiigher- le,·els of 
mfustmot1. fu the areas shOWing an incre3!5e, ilie .se­
vE.·rtt;!r mc.mksedfrom 10.1 to 15.8, while a.re.as,sDmi.mg 
a decrease ill severity decreased from 17.8 to '8.8 (Fig. 
S)" B"eoause ntOSt of the area e'A:perienced ,a. decrease, 
the ()'(>et-alI ,se\'~rity decreased. to H.4 XTabre f).. 

:ID tire fo1'llrth time period (n) fue S'e\~'1ity of the 
~lRliG!.1 increased to cover 58% 'of'the {!'rea dna.t is 
almost: ~uble that observed'io T.3 treg. 4,) .Party-lnve 
~t:tt Qf~ increase Wfas in mew 1aI'l33!5., ~ in. t.nre8!S 

showmg an mcre8!Se in "fl, J9% in areas shOWing an 
increase in T2 and 10% ill areassRowing an increase in 
T3 (Table 2). This is similar to the tr6!lds observed ilIl 
T3. In areas showing an increase, the severity in­
creased from 8.6 to 16.2, wrule areas showing a de­
crease the severity decreased from 14.':3 to 8.9 (Fig. 5) .. 
Because the area associ.ated witill trus increase ex­
ceeded half. the overall tI:l.telilsi'tv increased to 14.0 
(Table 1). Inoking at the '3.Yerage trend over time 
(Fig. 5), one can see tn:d: the mtemsity of the infesta­
tion decreased at an mcreasitIlg rate irrespective of 
whether the area. experierrcoo,;m increase or decrease 
in the intensity of the infestafiol!l. 

At tl'le end ~f the fourth mme periiod the infestation 
had very Kitiie room to mcrease md itis predicted that 
the over:ill severity of infestaticm ~\'iJIl decrease. Only 
10% of the ~ea h:tS lleyer e:penenced an increase in 
the severity of infestation (Fig. 4). In addition, only 
19% of tine area. tha.t was :?ssoci&ted with an increase in 
severity in TI. fs available (or 5% of the area), 14Wc of 
T2 (m-:3%ofdtearea) and 75%of1'3 (2:3%oftn-e art'l1l}). 

The are<!. :.<ssociatea with an incre<L<e t!lill.festaoolll will 
be Olll tile !owe. side resulting ill &'''1 O\'eI-all de'Cl'lr.as"c 

in the level of infe~atio!l. 

DisrussiOOl 

This SUIr\"eV shows ~at ~ &mber-ow.s.:bed ~i.rdln 
leafmmer is ~y distnbuted acro-51; tftl~~­
age l:mdscape, ~ ttlat the distri'btiO'tGm \;Rl-reS ~ 
yeat[ to ye&lf. The changing aisltributmn tttJf tt1rni£ ~ 
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FJig.'i. The Change in the severity of amber-marked bircb leafminer infestation in the areas associated with an increase 
\(.&.~ <DT .dlecreas.e (B) 'in the severity of the infestation over time. The smooth lines represent fue average cbaDge in the severity 
of tt'he iinfiestatiOIll !lINer time. Severity is equal to number of infested leaves out of 5{) total leaves examined. 

.cre~ distiinct, patchy landscape-scale patterns in­
w0h1iqg mmlople trees synchronized across multiple 
lllllha.m neigbbmdroods.Furthermore, annual trends 
~ 1I:htlt Jloroations (Gf reIati,,~ly high severity one 
yem- e!ip€rie.filae reIl:mvely low intensity the following 
~'8mr. These ttroods and patterns 'would likely be hid­
clem ,lilt ~<Il:Dl.~.smaller t:ham the landscape. How­
-e~ ... , .s~'IlchrOlilization among patches at lesser spatial 
smles create a distinct pattern of infest:ilion at the 
namdsc!tlpe goalie. Row difkrent insect species respond 
to different environmental v2riahles or conditions var­
ies with spatial scale of ohservation. 

At the individual patch scale, survival, and spatial 
extent of individual insect populations depend on var­
ious lintrins[c and eh.i:rlnsic factors that influence hirth 
(B), death (D), immigration (1), and emigGilion (E) 
rates. m this reg:md, the .size of an insect population at 
any location can he represented by the liollmving 
eqoo.oon (Berryman 1986): 

AN = B - D + f -Jli {3] 

where liN = change in popuiktiWl ~ wt"lhin a 
given area, B = hirth rate, D = de:idl mte, I = Uwni­
graoon nate, and E = emigra'ti(llll mte. ~U1ltioa 3 

5f.,""",,~~_ ~".,.,.tareaslOO~ ~ASe!n~<Iff~ 
~""",,~oWing 'ir<cn""",,'in S!l,~ of WtlC:e2S Ilia!: e . ted m> ~ncre""" 'in .rewrltt iin 

1m'" 4ll1~nC'l'f'~iin ii~tl)'tm a pre1,i;)cs'alme 'P5'Ml 'lNtBi.,~~ 
{leriod _ 'tOn~r.!f 

_'&It _ 
1WDl~((6) 

~""'~ hIg"",,,'mle Loig t\rn 'fun" lrmg'ilmre '&Ye 1(IIfu"r1»-~ iitffi<5Wilm '<n)l 
'hl~~ ~'!e.g, ~(tf, p5ria.!;, ~, <~(M 

tfure@'e • r{i1,.) lll!-:n (3) m-Tl'(S;) 

T1 <_6-2(t{)!i) ms 1'«8 Q) we 
'l2 (23ll7-2M&) I'l! 'i11l U (IJ -;rl~) :!1i ~ l@ M II ~ 
'T4(~G) 118 iIfi .10 19 Q .t! -A~~('I<) 'Jil £Ii. m 1I 
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suggests many reasons for the increasing or diminish­
ing abundance ill individual patches, and thus the 
diversity among p:tkhes. f'ollovv"ing is a discussion of 
the factors and the roles they may play in influencing 
the spatial dEsmhution rurnd abundance of amber­
marke.d birch leafmmer across municipal landscapes. 

DensilY Depefldent Fones. Endogenous density 
dependent forces could cause areas with high density 
larval populmons 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 cornmo~ espeda:1ly l2te in the season, to find 
two or more larvae srurrmg a lesion formed when two 
or more inmvidual blotches coalesced. 

Narural! Enemies. Anderson and May (1980,1981) 
suggested that cyclec fluctuations of insect populations 
could be &ri,'en by nmtural enemnes. fuJpacts of fluc­
tuating native paraslitolid and predator populations 
could affect the spatial distribution of P. thomsoni. The 
roles of I18.ruml eJ!l1ernes of mbm 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 insect populatio1!ls about an equilibl;um 
point by the density-depeJ!l1dent coupling between the 
insect wd its natural enemies ... " A massive body of 
literature has focused on this subject (Dwyer et al. 

"2000,2(04). ,"'\lork on developing biological controls of 
the amber-marked birch leafminer in Anchorage has 
received much attention in recent years. 

In this regard, the city of Edmonton, Albelia, Can­
ada, had a similar problem with the amber-marked 
birch leaf miner during the 1970s and 19805. Tihis 
nearly 20-yr infestation ended with the emergence of 
a native parasitoid, Lathrol<.>stes luteol.ator Graven­
horst, which switched hosts, becoming parasitic to P. 
tlwmsoni. This parasitoid is credited with eliminating 
the amber-marked birch le~iner fium Edmonton. fu 
200.3, a cooperative biological control program featur­
ing L. luteolatOl' began in Anchorage. This work has 
genemted a much better UI!l1derstanding of the biology, 
ecology and impacts of the amber-marked birch 
leafminer, and ultimately the application of Lathro­
lest<?S sp. will probably have a very significant in1paCt 
on the popula.tion of amber-marl,ed birch leaf miner. 
Nevertheless, operational use of Latilml<.>stes sp. is 
probably still some years away. 

J[nducedResistrulce. Changes in tree physiology that 
influence susceptibility could result in delayed in­
duced resist;.mce. Plwts defend themse1ves against 
herbi\'or~s Itke P. tlw'lnsoni in manv ways. These de­
fense mech=UsillS Clm be classified as ~nst!tutive 'or 
induced. Omstitu.tive mecfil:mnsms are preexistling 
chemical or structural barriers that prevent, redm:e" qnr 
otherwise moom,ize the impact of a pl3.llt feeding fu­
sed. Induced mechanisms are stimuhted bv nonletm~l 
ingress tlf an 'herbivore Oli" otiler'Source or" damagtt '1!l'f 

hUm")' t~w;m and&ldvvin 1997, Tollrian and H'tl.rvel~ 
1995. <\gnlwal ~t al. 1999). The induced resislhul'C'ti\ 
hyptbthersis st&tes tkt plamt's >Il.ttacked by inseCt her­
bivores>ll.re st'imubted to produce chemieals toot neg-

atively impact the ae\'ellopmelilt and grov.il'l of the 
insects. This phenomeJ!l1on h&s been el<arnmoo ill sev­
eral host-insect hemivOI:-e systems {Ollngushu 2005), 
especially birch species (NeuvG!!l.en and i'fnemela 
1991). According to BryaEllt et:clL. 09'33), &eIayea m­
duced resistance is expressed! fum Aksb p-aper hrrcn as 
a prolonged conditioI:l! of decreasedlleaf food qmuity 
for early iustar insect Olefolmors, sn:m.iIleJr ~eaf size, 
declining nitrogen levels m Heaves, =a illcreasmg con­
centrations of phenolics :an01 GilieJr secoJrnduy com­
pounds. 

l\·[ultiple C:ruses limr ~e P~y Fa"te!rru aHnfi'estta­
tion. The top-down lliJ}']JGitfulesis ~es tbat noMm"al 
enemies keep the nemnvolie pa]!;llilll!atiOili fum meek "File 
bottom-up hypothesis argues thaJt plant quaiECy 091'1-

trois herbivore popul:ilions. Acror&ijag to i'1uoja eij: al. 
(1999), "many fadors thid: :nffect papuiatioIJl abUIll­
dance. can act in eimeli 3l d<eI!l!srty-depemKiel!l1t or den­
sity-independent fashlolil, hut tfue lieUtive C'o!1.tribu­
tion of exogenous and enaogelilous effects rellru!ins lID 

open question ... " Accormtng to Hmrce, :md &ice 
(1992), 'The real issue lis whellierr or !!l.ot we can accept 
the fact that many ecoliogi~ factors simultaneously 
determine the patterns we observe ill natural eorn­
munities (Southwood 1975, 19"i7h, QuinIJl <illd Dun­
ham 1983, Courtney 1985, Lcibol& ][989), that the 
dominant forces \\ill vltll}' within wd amol!lg systems 
(Karr et al. 1992), and tfurt IDco;ponrrmg and mea­
suring that variability will mcrease mIT underst:mding 
of population and c-ommunity ecology." 

Dispersal. One way that insects respond to defense 
mechanisms is to modify feeding behavior (Stamp and 
Casey 1993) by dispersing to differel1l.t locations, 
which could be reflected if:} tt1e ch8.ll!ging spatial dis­
tribution of P. thomsom. Equatimn :3 suggests vaIious 
eA-planations for the dungmg aOunrumce of the am­
ber-marked birch lea.frnmeE" in individual patches 
across Anchorage, but not wl:ta~ causes popuiations to 
immigrate or emigrate eIJl masse arJ'llong locatiollS. Dis­
persal is imPOltant fOE" aIll insect: populations at ill 
spatial.scales (Shal·m' !926). Ge!!l.e£-a.fIy, insect fuerui­
vores occupy hosts growing ill ruilii.taC:s ill ""mcn in­
sects and plants al"e adapted. fur growth and repro­
duction. Often, howeveli, the factors that &i"h·e 
dispersal and the resulting patterns of distrib~tion are 
diffiouh to determine. Hahif:ru: selectioIJl iliemies 
(Rosenzwefg 1991) artd. the dymrunics of msed pop­
ulatiOD'S have been tile fiocus of cmmtless studies 
(ShaIT()v 1996), andnlmlY r,nptnI'atian aymunics mode Is 
Jrave been developed sp.ecil1c&l:ly for rorest and tree 
,insects ~a-erryman 1~5\6, uebEmTIdlW4). Most of these 
kt1lenrunmiel'l£ ~ply to 8. siug1'~ JiKlPu£~tion ill ~ discrete 
h<tMJl<Ybje~~ 'e[nirou"W!ent ~Garyte art<£. Golinsli 
~HM- :t\b:lt:. 5tlu~s ha\"e round! ~i1.ti&i va.dRu{jIJl ~md 
remtironIDlG!ltJ.U~et'el~~Jlettrto he signllcll.n.t factors 
:ill <d~iu:ing V~i: mstriooUians:. The application of 
.meta~m~u~m ~{~s.t eutomoiogy is rel­
rali~yllil'l:\Y', WillH~s'e<etll$ m lJJe inci"ftuillginterest 
11ll '&~i"s '4lt1lMl~ ~ ~cletS (e.g., G:u"\'Jie t':nd O\)­
~ :E!IDll~;. Mt,;~ ~ d. ~m, Hhm et d. ;;:000, 
~llll!ild teIt ~t~, ~&lIi ~ 'SmlH ~l i'OOS, 
~ _ Th1l{\-:\S~, ~iht~ 'ttl ~). Ae-
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c-oromg to Cronin (2009), "movement, and parlicn­
bdy the coloruzaoon of Dew habitat patches, remains 
0Jme of the least Imo\\'Il aspects of the life history 2lrld 
e.001egy of VN majority of species." 

Sp:rIlEd Hde£~ and the Distribooen of Am­
M--Marked Bird. ~iaer in Aochocage. The spa­
Wl ~erogeGcity eli:preSsed by this insect pest em­
pllnasnzes the need for spatially explicit studies (Sun et 
lIJl ~). According to SOOyraoo et ld. (2009), 4. we 
:mre li!SW!l!y I!nmited ill OW' ability to investigate the 
1'l1mlleric:d dyna.mfics of natural populations across 
f:mrge ~ scales md ovec tong periods of time." 
Eiqumol'l 3, fO£ irut:wce, applies to a population of 
fumdtivi&Ws inten!ding ovec limited contiguous area, 
whiich .... 'oo!d be equivalent to one of the infested 
paltdn :rure:l!S fomId in Anchorage. The dynamics that 
~ from mteractions between the amber-marked 
oom leafumer mdits host: birch (Strong et ld. 1984), 
OF ~ enemies md the amber-marked birch 
~ (Reeve 1985, 1900) are greatly influenced 
by this patchy landsc~ pattern (Comins et aL 1992). 
M2lmY studies have shown and discussed the impor­
t:mce of p:ntchy environments in promoting sustain­
mMe Inost populations (Hassell et al. 1991). Reeve 
(1988) described one possible mechanism for stability 
m. patchy al\Uo!'ID1enu, "iRsect populations persists 
because they are divided into a large number of sub­
populations, weakly linked by migration; be.cause the 
subpopulations experience different environments, 
they are to some extent .asynchmnous, making the 
simultaneous extinction of aM subpopulations un­
lnkdy." 

In coJOCiusiolll, this study looked at the spatial dy­
Illamics of &luber-marked birch leaf miner at a spatial 
SC2le associated "villi an unhan landscape. At larger 
scaJes, there is evidence that the spread of amber­
~ed birch Re:illniner anay be primarily because of 
t'lillnll!lIll. :irlJi,,'lities lUlld mot by natum! dispersal. Data 
.&am tIlmis study indicates that the natura'l dispersal 
rnres m:e low, especially 1m an urban landscape and 
very little is known atOOut how ambei"-marked birch 
leafmmeIr would exp:md throughout the wildland for­
ests of Alaska. The spatial dynamics of amber-marked 
bed leafmilJle£ at larger scales may he quite different 
th2JIl what was observed at smaller scales. Caution 
sbmM be taken when coo.cluding that particular pr0-

cesses are unimport:mt, given that the scale of study 
em. miueoce whether or not effects are observed. 
Q,,'ef1l the slow n&tu.ral ~ of anlber-maIked birch 
.~, at miily take lII. kmg time f0ll"1tIim .SlJ.1lmbi*1l pro­
cesses observed in m mnm l2IIl'dsCll!J!l'8 t(!) influence the 
luge-'SCale dismbutiGn '0£ \3Illl!jlirel'~~d blireh 
~ throughout Arub. 
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