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ABSTHACT The camphor shot borer, Cruwlw; 11111tilatw; (Blandford) is a nonnative ambrosia beetle 
first repm1ed in the United States in 1999 al Oktibbeha County in Mississippi. Although, C. 11111tilat11s 
is a major pest of several trees in its native habitat in Asia, it is not yet a major pest in the United States. 
However. the range expansion in recent yem·s across the southeast em region indicates that C. m11tilat11s 
could he adapting quickly to tlw new environment, perhaps because of the availability of numerous 
host trees and suitable environmental conditions that suppm1 the population. As the population 
increases, future outbreaks of C. 111111ilat11s may result in mortality of valuable hosts. Our objective was 
to identify potential suitable habitats for C. m11tilat11s in the southeastern United States under changing 
climate by 2020 and 2060 by examining C. m11tilat11s preferred conditions, host environmental re­
quirements, precipitation, and temperature projections from an ensemble of general circulation 
model. and Intergovernmental Panel on Climate Change future climate scenarios. Our results indi­
cated that suitable habitat for C. 11wtilat11s in the southem;tern United States will t'Xpand slightly under 
the AIB emission scenarios (i.e., mock·rate population growth and high-energy use balanced across 
all sources). and signific<mtly under BJ emission scencufos (i.e .. representing moderate population 
growth and an emphasis on global approaches to economic and environmental stability) hy 2060. 
Where<L'i the opposite may occur under the A2 scenario (i.e., representing continuously increasing 
population, regionally focused economic growth, and slower introduction of alternative fuels tech­
nology). Nearly half of the parishes in Louisiana and counties in Mississippi will he suitable for C. 
m11tilat11s by 2020, under the A2 emission scernu-ios. However, suitable habitat range could decrease 
and become fragmented by 20fi0. These results could he useful in forest management efforts in places 
where C. 111111ilat11s may become established in the future. 

KEY WOHDS ambrosia heetk'. camphor shot borer, invasive species 

The camphor shot borer, Cmwtus 111111ilatw~ (Bland­
ford) (Coleoptera: Curculionidae: Scolytinae: Xyle­
horini). is a nonnative ambrosia beetle first reported 
in the United States during 19~)9 from Oktibbeha 
County, MS (Schiefer and Bright 2004). C. 11wlilat11s 
is native to Asia (Wood and Bright 1992), where it is 
a major pest of several tree hosts in its native habitat. 
Hosts include Chinese chestnut, Ca.~lmwa mollissima 
Blume: maple, Acer sieboldiauum Miquel, l'arabm::.iou 
lrilob11111 (Siebold & Zuccarini) Nakai, and silky oak 
Grer;il/ea rolmsta Allan Cunningham ex Robert Brown 
(Sreedharan et al. 1991, Kajimura and Hijii 1992. HJ94, 
Tang 2000). Since being reported in Mississippi, the 
beetle has been reported in Louisiana (Carlton and 
Bayless 2011) and several other southeastern states 
( Cognato et al. 2006, Gandhi et al. 200H, Leavengood 
2013. Oliver et al. 2012, Werle t't al. 2012). Range 
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expansion in the southe~L'it in recent years is likely 
because of availability of numerous host trees in the 
region and suitable environmental conditions that 
suppo11 populations of C. 11111/ilatus. Hosts in Nmih 
America include red maple (Ac<·r rulmm1 L.). sugm· 
maple (Acer sacclwrum Mm·shall), smooth Japanese 
maple (Acer 1mlmat11m (Thunberg) Murray), Ameri­
can hophornbeam ( Ostrya r;i rgiuiaua (Miller) K. 
Koch), flowering dogwood ( Conmsflorida L.), Amer­
ican beech (Fagus graudijolia Ehrhart), American 
sweetgum (Uquidambar slyracijlua L.), hickory 
(Carya spp.), American tulip tree (Uriodeudrou t11-
li11ij(•ra L.), Chinaberry tree (A·lt-lia a::.cdarach L.), 
lohlolly pine (l'i1111s laeda L.), black c:herry (Pnmus 
seroliua Ehrhar1), American plum (l'ruuus americaua 
Marshall). win~ed elm ( U/11111.1; a/ala Michaux), and 
muscadine (\Tilus rolrmdifi>lia Michaux) (Stone et al. 
2007). 

As climatic conditions change, the number of ab­
normally hot clays is expected to increase in southern 
United States, with the largest temperature increases 
occurrin~ durin~ summer, potentially increasing the 
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likelihood of intense droughts and wildfirt•s (Karl ct al. 
20mJ). This projection likely will affect populations of 
insect pests in the southeast, including C. 11wtilal11s. 
Therefore, a significant shift in the population of C. 
m11tilat11s in the United States is possible during the 
next few decades, especially if changing climate cre­
ates favorable conditions needed for population 
growth. Increases in populations of C. 111111ilat11s may 
have direct and indirec·t effeC'ts on forest ecosvstems. 
forest tree nurseries, and urhan host plants as it 
spreads beyond current boundaries to new habitats. C. 
m11tilat11 . ., is a polyphagous beetle that reproduces on 
numerous hosts (Lindgren H>HO, Maeto et al. mm)) 
and has low host specificity (Stmw et al. 2007). giving 
it a competitive ability to spread consiclt>rahly beyond 
current locations. Although the beetle is ('lUTently not 
a major pest, future population incre<t'ies may lt•ad to 
outbreaks, resulting in mortality of valuahk• hosts, 
forest disturbm1ce and fragmentation, and a reduC'tion 
in host vitality (Volney and Fleming 2000, Pimentel et 
al. 2004, Stadler et al. 200!5). 

The objective of this study W<l'i to confirm the in­
creasing abundance of C. 11111tilat11s in Louisiana and 
identify potential suitable habitats in the soutlu.•1t'itern 
United States under changing climate, based on C. 
mutilatus preferred conditions and host environmen­
tal requirements. We used precipitation and temper­
ature projections from an ensemble of general circu­
lation model (GCM; Olatinwo et al. 201:3, Randall et al. 
2007) and the Intergovernmental Panel on Climate 
Change (IPCC; IPCC 2007) future dimate scenarios 
to develop range expansion models for the species hy 
2020 and 2060. 

Materials and Methods 

Ambrosia Hectics Trapping. To examine the in­
creasingahundance of C. mutilatus populations in cen­
tral Louisiana, traps were set up at two sites (A: :31° 
21 '24.64" N. ~>2° 26'0.04" W, and B: 31° 21 '29.32" N. 92° 
26'8.62" W) in Pineville, LA. Live ambrosia beetles 
( Curculionidae: Scolytinae) Wl're collected from fun­
nel traps baited with 95% ethanol hetwet•n 23 Fehrn­
m·y and 30 Mm·ch 2012. The number of ambrosia bee­
tles caught in the traps were counted and identified. 
The propm1ion (%) of each species relative to the 
total number of ambrosia beetles caught during the 
trapping period wm; calculated. Voucher specimens of 
all taxa <U"e deposited in the Louisiana State A11hropod 
Museum. Baton Rouge, LA. 

Precipitation and Temperature Projections. For 
this study, downscale data of annual precipitation 
and monthly temperature projections for 1,342 coun­
ties in 13 states-Arkansao;, Alahama, Florida. Georgia, 
Kentucky, Louisiana, Mississippi, North Carolina, 
Oklahoma, South Carolina, Tennessee, Texm;, and Vir­
ginia-were provided by the Climate Change Adap­
tation and Mitigation Management Options (http:// 
www.srs.fa.usda.gov/ factsheet / 482) project, Southern 
Research Station, U.S. Depm·tment of Agriculture­
Forest Service. Annual precipitation and monthly 
temperature projections data at the county level were 

computed from an ensemble of four GCM models: l) 
the third generation coupled global climate ( CGCM:3) 
model; 2) the Geophysical Fluid Dynamics Labora­
tory model (GFDL); 3) the Community Climate Sys­
tem model, version 3 (CCSM:3); and 4) the Hadley 
Centre Coupled model, version 3 (HadCM3). Two 
weather parameters were c·omputed under the IPCC 
Special Rep011 on Emissions Scenarios (SRES; IPCC 
200i). Tlw SHK5 repn•sents different sodoeconomic sce­
nmios of future world development, where each scenmio 
"desclihes a dillerent world evolving through the 21st 
century, and each may lead to quite different greenhouse 
~t'i (CHG) emissions trajectmies" (http:/ /www.ipcc.ch/ 
ipcerepm1s/tm·/w~/imlex.php?idp = 1.54). Three sce­
mu"ios used in this study were I) AIB representing 
moderate population growth and high-ene•t.'Y use ba1-
<mced aeross all sour<.·t•s: 2) A2 representing continuously 
incre<t'iing population, regionally focused economic 
growth, and slower introduction of alternative fuels tech­
noloh~'; <md 3) the Bl representing moderate population 
growth <md an t~mph<t'iis on global approaches to eco­
nomic mul environmental stability. 

Preferred Conditions for C. m11tilttt11s. According to 
CABI (201:3) , C. 111111ilat11s prefers temperate-meso­
thermal climate where the average temperature of the 
coldest month is >0°C and <l8°C. and the wannest 
month temperature is > l0°C (http:/ /www.cabi.org/ 
isc I daht'iheet I !57239). a condition that matches the typ­
ical climatic C'onditions found in the southe;to;tern United 
States. Therefore, for this study, we chose January <L'i the 
coldest m1d July <L'i the W<mnest month. Hence, suitable 
habitats for C. 11wtilat11s were identified when prefoned 
conditions m·e met in a county or pmish h<t'ied on the 
following two equations (I) and (2): 

C. 11wtilat11s = 

{January ml:'an temperature >0°C and <l8°C; 

July mean temperature> l0°C; and 

Annual total precipitation > l,!500 mm! (I I 

llosls = 

{January mean temperature I /orra limit I; 

July mean temperature I 11111wr limit 11 

and !annual precipitation I lower limit I: 

annual precipitation I 11111wr limit I} 12 J 

Precipitation and temperature requirements and lim­
its for C. m111ilat11s hosts obviously vary significantly 
because of the broad host range (Table l). Therefore, 
the coldest (lower) and the wannest (upper) limits in 
January and July Wt'rc used to establish boundm·ies for 
the hosts in the southeast. Preferred conditions for C. 
11wlilat11s ( l) and hosts species environmental re­
quirements (2) were used <l'i inputs in producing suit­
able habitat maps, where l and 0 indicate suitable and 
unsuitable habitat, respectively. To validate the C. 
m111ilat11s preferred conditions with actual observa­
tions, a map of predicted suitable habitat for C. um-
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Tnltlt• I . T 1•m1wrat 11 n • awl pn•t•ip itn lio 11 n·1111 irt•1111 ·111 ... (lo\q•r n1ul 11pp1·r li111i1 .. ) fo r .. m111• ( ;, 111111i/alu.c 110 .. 1 .. iu ;\ nrth A11wri1·n CB 11r11 .. 
n111I 11 0111-:ola I '1'10) 

T,·111p.-r.11t11·,· li111 il< ('C ) l'n·('ipit.,1iou li111ill\ ( 111111) 

J.111. ( lcm«tl J11I) (11pp!'r) /\111 111.11 (111111·1) t\ 111111.11 ( 11pp<' r) 

, \ ,m·1·h11rrn11 ( "'J!·ff 111aplc) 11>.0 
<:m~t" ill1111H'll\;.., ( \\ 'ang~ul1dr11) J\ . ~o..11 ( Pt '(". 111 ) - 1.0 
]11~/,,,,, 11 i~111 I .. (h i.wk wal11 11l ) - l:l .O 
I. . .\lyr1wUl11n (Swt·c·I g11 111 ) - 1.0 
I .. 111/i11i.f;.,.,, ( t11lipl rt«') 7.Z 
() 1 i1 't!hti111m (AmC'ri<"an l10pliur11 ht•:11t1 ) - 11>.0 
I' lnu/11 ( lol1lo ll) pi11c·) 1.0 
/',., ,,croli11n ( l>l ;u-l.. <'hcrry ) - 11.0 

Ii/a/us in (he southeasll'rn Un ited Stat es was produl'<.•d 
for 200:3. C. 11111/ilalus pre fe rred wealhl'r ecmdilion~ 
(equal ions I and 2) was o,·e rlay with acl ual obsen a­
l ions rrom I .indg ren funnel trap data rq >orll'd by 
Sehie f'c r and 13rig ht (200~ ) in 1\ li ssissippi in 2003. 

Furl he rmo r<.'. maps of' c:ounties o r parisl1es po­
le nliallv suitable for C. 11111/ i/a /us ll\ W20 and 20Ci0 
we re p;·ocl ueed using the lc mpc ral.u re and prceip­
ilal ion projec t ions hy e nsembl e o f' fo ur C e nt•ral 
Circ:ulat ion Mod e ls (CCCM:3, CFDL. CCS M3, and 
HadCM.3) unde r th ree IPCC fut ure d i111ate seenar­
ios (A 113. A2, a nd Bl ). Maps were p rod uc:ed in 
DJVA -C IS sof'tware ve r. 7 .. =, ( ht t p:// www.d i\'a­
g is.o rg / ). O\'erlaps from host d ist rihut ions I 1ased on 
equa tio n (2) and the lim its in Tabll' I i11di c:ate a 
(·onlinuous a \'ailah ili (y o f' suilahl (' hos ls ( in tl1t· 
~0 11lh l'as l ) lo susta in c hanges in pest population s 
ae ross t h t· region hy 20:20 and 2060. 

Hcsults 

C.:. 11111/ilalus was the most abundant invasive am­
brosia beetle species c:aug ht in f11und traps in Pinev­
ille. I .A. during the pe riod examined hl'l wecn Felm1-
:try and l\ lareh of 2012. acc:o unting for :'i:'i'h of tl w 
ove rall :unlirosia beetles caug ht during I he trapping 
period ( Fig. I ) . T he result niay indicate the l'me rging 
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i111po11anc:e o f' monito ring the popuhl ion growt h of 
this in \';i.si\ e a mbrosia beetle . a~ it adapts lo new hah­
ilals in the southea~l ern United St al e~. A map of su it­
ahll' habit al for C. 11111/ilalus in the southeaste rn Uni ted 
States produced using the C.:. 11111/i/a/11s prefern.:d con­
dition~ (equatio ns I and 2). ancl funnel trap data re­
ported b~· Schie fe r a nd Bright (200 I). showed that 13 
of the l<i counties whl're C.:. 11111/i/a/us wcrl' eo llected 
in Mississ ippi were localed within lhl' suitable habitat 
range in 200:3 (Vig. 2) . 

According lo the ensemble C C M models projec­
tions. the nt11nhe r of counl ics o r pari~hes w it h poll'n­
lial suit able habitat for C. 11111/ i lalm is expec:tcd lo 
inc rease from 20:20 to 2()(i0 undc r A113 and 131 emission 
St't·narins hy = 28 and I 07 t'01 111ties o r parishl's. rc­
specl iwl ~' . and d('crcasc unde r A2 hy "" J .J.'5 count ies o r 
parishes (Tahk 2) . 

Unde r the A I B em ission St'enarios, suitable habitat 
for C.:. 11111/i/at11s is expected in = !JG counties o r parishes 
localt'd in Alabama, Flo rida, Ceor~ia. Louisiana. 1' l is­
~ 1 ~s 1ppi. orth Carolina, and Te nnessee by 2020. The 
numl )('r of counl il's w ith suitable habitat is l'X(WC:led 
to inc rease to = 12..\ counties or pari~hcs by 2060 (Ta­
l>ll' 2 ) . niostly in area~ along lh t· Culr of /\ lex ico c:oa~l. 
with likely expansion furthe r north th rough the 
coastal plain. and a rcduc:tion in the numhe r of suitahle 
counties in soul heast Flo rida (Fig. :3). 

Under the A2 e miss io n sce nario. 2.30 counties or 
parishes are expcc:tcd lo be suitable fo r C.:. m11ti /a/11s by 
2020. T he numbe r may clcc: rea~e ~ ign i fieantly lo 8."'> 
('llll lllies o r parishes by 20Ci0 (Table 2) . most l~1 in the 
Alabama. Louisiana. 1\lississippi. North Ca rolina. and 
Te nnessee. w ith additio nal su itab le counties in sonl h­
easl F lo rida (Fig. 3). 

Unde r the 131 e miss ion scenario .. '56 counlies o r 
parishes are likl'ly lo ha, c suitable hab itat f'o r C . 
11111/ i/a/11s in 2020, the lowest o f the th rl'c scenarios. 
T lw number is projected lo intrease lo Hi:3 t'Ounl ie s 
hy 20Ci0 (Tab le 2) . mostl y a lo ng I he G u If coast w it h 
substantial im:reascs likel v in ' [\ :1111 t·sset·. nort h Al­
ah:11na. and Ceorgia. ancf wi l h SOllll' habi tat frag­
nw ntal ion along the coastal pla in ( Fi~. :J) . Ovemll. 
lh t· numbe rs or c:ounlies o r pari ~hes w ith pol l' ll lial 
suitable habitat for C.:. 11111tilal 11s w ill inc: reas1;;· untlt: r 
l he A 113 and B I e miss ion sce narios fro m 2020 lo 
20(i(), and de n easc unde r the A2 e mi ss io n sc:c11a rio 
during the same pl' riod. 
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!El Suitable habitat for Cnest11s 111utilatu.1· in 2003 

c;zi Mississi ppi counties where C. 111111ilat11s was found in 200J 

Fig. 2. Tli(• lll:l(l or s11il ahl<· haliilal for c. 11111/i /11/m in tlo(' so11tll('aSt(•ni Unilcd Slal<'S lias('cl O il (;. 11111ti /11/11s pn•f('l'r('d 
w(•:il ll('r co11dil i<111s ( <'q11al ions I and 2). oV<·rlay will1 t loe J ,indgr<' ll f11111H'l I rap data report<•d by Schie f"n and Bright (200 I) 
in /\ lississippi in 200:3. (Onlin<' figure in color. ) 

Disc11ssio11 

C. 11111/ i l a l 11s wast he most abundant ambrosia hel'l le 
cau;.d1t during the trapping 1w riod examined in the 
spring 1012 (fig. I ). A It hough l he bee t le is nol ye!" a 
major e<'ono mic: pest in the sout h. population i11 -
neases may lead lo future outbreaks. mortality of 
valuable hosts. forest disturbance and fragmentation. 
and redu('l ion in host vitality. The :tho\'e resu lt ~ in 
Louisiana in addition lo in c.:re:tsing abundance re­
port ed h y Schiefer and Bright (20(l·I) in Miss issippi 
makes idc nl ifieation of s11itahJe hahilal in SOlll hcrn 
forest eeosyste1ns c:ritiC':tl fo r f'u ture managc1ne nt ef­
fo rt s. Although the c: li111 at it conditions and I hl' h:ihitat 
range· f(>r C. 11111/i/a/us in the southeastern U11it ccl 
Stall's a rl' not yet wcl l-estahlislH'd . eo n~idcri 11g the 
div<· rsf' c:l in1:1t ic conditions prest·nt in it s nativr• rangt'. 
Schiefer and 13right ( 200~ ) sug_gesll'd l hat tlil' dist ri­
hut ion or c. 11111li/a/11s may eventually e ncompass 
much of the easte rn United Slates. 

Tn the soul heastern Uni ted Stales. su itable <.:limatic 
co ml it io ns ral her tha11 unavailahilil v oft rt•e hosts will 
like ly be the.: c ritical factor in the fut.ure dist rihulio11 of 
C. 11111Ji/a/11s similar to ohsc.:rvations by Sali11as-Mort·110 
el al. ( 200~) f(>r /J1'11(/mdm111s spec it's. Therefore.t he 

Tah14' 2. Tiu• 1111111lu-r of l'Olllllh· .. 01· pari~ llf•!! ~lliln hh • for (;. 
m11ti/11111s iu 1111• i'-011tlu•::1, l('l'l1 l fnil t>tl S l n lt• ... 11111lt'r th1 ·1·t• 4•li111 :1 lt• 
'"''''' Ilario ... h~· 2 0 20 nml 20<•0 

Sill':.<; 
\('t ' H ;irio~ 

AI B 
At 
Ill 

SuitablC' n>u11ly or pari~li 

2020 ~()fiO 

th real or· ruture inc:reases in c. 11111/ i/a/ 11s populat ions 
will d epend gr('atl y 011 how well it adap ts to shirt s in 
<.:l irnatic cond itions ( i.e .. l<.:mpcratu rc and precipita­
tion requirements and limits) . and il s ability lo suc­
cessfully inte ract with avai lable host p lant species and 
other assoc.:ialed organisms within the fo rest ccosys­
le111 under the new regi111e. 

A study by Karl et al. (20mJ ) projected that the 
average tempe ratures are likely to ri se by 2 .. 5°C in the 
south under lower emissions project io ns. and lo .).0°C 
1111der higher emissions projections. with an inc rease 
or = 5.8°C ill summer based on cli1nate p rojection for 
2080. Karl d al. (2009) indicated a likelihood of less 
rainfall durin)..( winter :111d spring in states horde ring 
the Culror Mcx ic·o compared with slates Eu-the r north. 
which may result in droug hts and wate r loss in plan ts. 
reducing host growth and vigor. \Veakened host plan ts 
111ay triggl' r out breaks of beetles, causing extensive 
da111age across a b road range of hosts throug hout the 
region. 

O ur result s imlicate that the distrib11tion of poten­
tial suitable habitat forC. 11111/i/a/11s i11 l he sou theastern 
United Stales will expand slightly unde r the A 113 :rnd 
signifiC'ant ly unck•r 131 emission sc.:cn:1rios by 20GO. 
wherea.~ the opposit e may occur under the i\2 sce­
n;u"io. Under the A2 e miss io n sc.:enario. nearly half o f 
p:1rishes in Louisiana and counties in Mississ ippi (i.e., 
in the south and c.:ent 1al p:u-ts of the states) will he 
suitable for C. 11111/ilal us I>~, 2020. 1-low('\·e r, the suitable 
ld>ilat range is expected to decrease and hec.:ome 
fragme nted by 20!i0. Although sig nificant diffe re nces 
are expected in annual precipitation and mo nth ly te m­
perature projl:'cl ions under l he th re<' c limate scenarios 
examined . annual pre<:ip itation > 1,500 mm is a key 
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2020 2060 

AlB 

A2 

·, 

Bl 

m Suitable habitat for C nwtilotus 
Fii.:. :1. Co1111t i('s wit Ii potC'ntial ., 11itahlC' liahital for C. 11111/i/11/11s in the so11t ll<':ts!ern Unit('d State's. undl'r Al H. NJ. . and Bl 

<•111ission scc·narios hy 20:W and 20(i() hased 011 tliC' nu•;111 111ontlily tc•n1pnatun• and annual pr<'t"ipitation projections fron1 
e11s<' n1hl<' ul' f'o11r l.Ct> ls (CCCM:J. CFDL. CCSl'-l:l. and lladCi\l:l). (01ili11(' fi~11 rc i11 colur.) 

fac to r in lhl' dist ribut ion o r C. 11111 /i/a/ 1/s S\1ilaiill' hah­
ilal ac ross the southeast. especiall y because C:. 11111ti­
lat11s w ill li ke ly ha, ·e <:o nti11 uuus a<:<:ess lo several husl 
species th rough 2060 ( Fig. 3). Under the A2 e mission 
scenario. the re ;u·e no countie s in southe rn flo rida 
w ith precipilal ion > 1.500 mm hy 2020, rnaking that 
region po te ntiall y less suitable in 2020. compared with 
the sa ml' p l' riod unde r the A 113 and 131 ( Fig. :J). 

\<\I e at he r parameters sue h as the n11111lie r o f' day., 
w ith peak ll'111pe rat11 res > :3l.2°C pe r yea r is p rojl't'll'd 
lo ri sl' sig nifican tl y under higher e miss ion scenario 
( Karl c l al. 200!J), rvs11lting in hig her annua l ave rage 
len1pe raturt'. Shugart (:200:3) no te d an increase in tem­
pe rature of' = 2°C o,·er Sl'\·e ral thousand years led to 
signili c; rnt c h;u1ges in l he composi tion and fo rmat ion 
of new forl~s t comrnu11it k s. 1nost o f w hich no longe r 
l'X ist today. An inc rt·as<· in futurl' le mpl'rature undn 
A2 Ill:\\' he suffic ie nt lo caused fo rest rragml'nla tion in 
part s <;I' t he southe rn f'o rest· e<:osysll'm; . 

C hanges in cl imate 1nay ha ve me;L-;u rable i111pacls 
on Sl'asona l weathe r conditions. insect popula tions, 
host physio logy. a nd host range distributions (Be ntz d 
a l. 20 I 0 ). T he refore. growl h. di stribution. and su 1Yival 
o r c. 11111/ifolrts. as with many insects. will d l'p l'ncl 
directl y o r inclirect ly on E1voralilc conditions. partic­
u larly. beca11sc insect developme ntal stages, ad11lt 

Cllll'rgcncl'. flight . and lo ngl'dly mav he affected bv 
lelllpe ralurc . C hanges in c.:l irnal ic conditions could 
en:ible nonnati ve species lo adapt to shil"ls in seasonal 
le111peralure ( l3alany;'1 el al. 200fi. l3radshaw and Ho l­
~.apfel 2006) in thei r new hab itat, there by fac ili tating 
range C'\p:111sions into the new niche., c reated by fa­
vo rable te mpe ratures (Ballistia e l al. :200fi. Nealis and 
l'l'lc r 2009}. 

Studit•s have linked outlin:aks of bark bee tles to 
shirts in tl'111peralure and precipitation resul ti ng from 
species high sensit i\·ity to changes in lelllperalure a nd 
wate r slress (Uergct al. 200(i, Powell and Logan 200.5) . 
Gene rally. warme r condit ions may accelerate insect 
feeding. developme nt. and moveme nts. which in tu rn 
afTt'l' lS the rat e or f'e<:undity. Slll'Vival, general ion l ime, 
and di spnsal (Ba le e l al. 2002). Warrne r winte rs, fo r 
l'X:nnple . lllay fac ili tate removal or ex isling range b;u·­
ril'rS. allowing nonnat ive insects lo spread beyond 
c urrent loeat ions int o plaet•s whe re hosts a rc abun­
dant , the rl'hy resulting in d irect c:ompt'lil'ion w ith na­
liVl' insect species. 

In this study, we focused solely on ll'lllpcratu re and 
precipitatio n project ions in producing the sui table 
habitat maps discussed. The complexi ty or insect spe­
cil's· responses lo cl i111all' change 111 ay resu lt in un ­
ct•rtaintie., in p redict inµ; thl' extent and nature or im-
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paets. However. predicted changes in temperature 
from various GCM models serve as an impmtant basis 
for estimating habitat responses lo changing climate 
conditions. The SRF.S seenarios. the GCM models, 
coupled with the pref erred environmental p<u-ameters 
used for C. 111111ilal11s and associated hosts in this study: 
at the minimum, they provide some insight into how 
nonnative pest habitats eould respond to climate 
change within the southeastern United States forest 
eeosyslt'ms. Results from this study may he useful in 
long-knn forest 1rnmagement efforts in places where 
C. m11lilat11s may become established in the future. 
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