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Compet~ti\e intel,ict~ons 'rmong h,il k beetle .issoc~,itcd I L I I I ~ I  . I IC  potentr,ill> ~nflucncecl bq , ~ b ~ o t l c  l~ictor\ W'itci 
potentr,il, In 17.11 t r c t ~ l ~ i ~ .  ~ lnde~goes  I I I~ I I  ked ch,~nges o\er the  eon^ se ol hectlc eolonl/,it~on ol tlec hosts To In\cstlg<itc 
the ~lnp,~et  of \\,~tcl potentr,il or1 colnpctltlon 'irnong ihlce \o~~thc i i l  prnc beetle ,issoc~,~ted ~ L I ~ I ~ I  O/~htoclo!irir ~r~rrrlo 
l,r~!ot?rocor I r c  rlcrll \p A ,mi ( 1.1 trroi I \!rop\r\ I c r r l t r c  rrlo$rr\, ac ulrll/cd '11 tlflcl,il I I I ~ ~ I , ~  ulth \\atel potcnti,\is of 0, i .  - 10, 
, ~ n c l  - 2 0  MP,i Ci~o\z th of ,111 thlec  lung^. \\hen gloun ,ilone. dec~e,isecl o n  mctl~,r u ~ t h  l o u c ~  \ L ~ I ~ C I  pote11t1~11s ( i ~ o ~ t h  
~ , i t c \  of ,111 tlilec lung1 nele I ~ l \ c ~ z ~ s e  ~eclucccl 113 compct~tlon cupel~ments At - 5  to - 10 MP,I ( ici~rrrcr~lorrr\ (,I lungus 
~ ~ t l i  be11cf1~1dl eflccts to\\,ild snuthe~n plnc beetle) \\,is ne& I! eclu,tl In coml?etltl\e ,1b111tq lo 0 ~ ~ I I I I I O  ('1 lungus ~t1111 

,inr,igon~stlc cftects ton,r~cIs southeln plne beetle) Thrs n'is not t ~ u c  o n  con t~ol  rncd~~i .  no1 '11 o t h c ~  ucitel potc11t1~11\ 
tc\tcd The I'ingc (11 L \ . ~ I ~ c ' I  ~ote11t1'1ls ~ ~ s e d  In O L I I  ,~\saq\ nas  ~ I I I I I ~ ~ I I  10 tile ~ ' t ~ l p c  01 M ' I ~ C I  po te i~ t~ '~ l \  \LC I I I C < I \ L I I C ~  III 

lob loll^ pines u ~ t h ~ n  ,I \ o~ i t l l e~n  plnc beetle rnlc\t ,~t~on Tl11s stucI> lntI~c,iie\ th,it M , I ~ C I  17otc11t1.1l 111~1) c ~ l t e ~  the O ~ I ~ C O I I I ~  

of compe111l\e Intcl,ietrons .imong h,rlk hectic-,issoc~,itcd lung1 In ~+,iys lh,il I , I \ O L I I  ~ , I I  k beetle s ~ ~ c c e j s  

R,trl\ beetle\ (('olcopl(~i.rr S( (111 / ~ ( / t r i ~ .  'tltcrn ('urt ill/- 
o~rrcltrc Sc o l~ ' t r /~rrc ) ,  Intcr,lct wit11 t11c11 \ y m b ~ o t ~ c  f t ~ n g ~  
In ~ntcrc\ t lng ,ind complex \xl,tys ( P , I I ~ c .  Ii , t l l ;~ & 
H,~rl-lngton 1997) Tlic \ o ~ ~ t I i c l  n p ~ n c  beetle. I)cllcl/ oc - 
/orll~\ /ro~r/rrl~r (SPB) I \  ' imong tlie mo\ t  d , ~ m , l g ~ n g  of' 
No1 tli Amel-~c'rn Ihre\t ~ n \ e c t \  (Th,ltcIier 1.1 (11 1980. 
I>roo/ 1085, Prlcc O I  (11 1902) All tree\ \ \ r t l i~n \ \ I i~ch  
S P B  dc \e lop  circ, ,lnd tree dc,ith mtl\t occur  k j r  the 
beetle to  reproduce \~lcce\\f\tll) Tlic SP13 c,il-~le\ t h ~ e e  
majol- f i tng~  it ,~tt,icli\ ho\ t  t lce\ 

Ol~l i ro t /o~ i~ t r  i111/r1i\, tlie c,lr~\,tl .igcnt of  tlic 'b lue 
\t,tln', often f'o~11ic1 111 the xylem ‘inti p h l o c ~ ~ i  of  SI'B 
lnSe\tcci uood 15 ,in c ~ \ c o ~ i l y c c t o u \  fungu\  c '~ i - r~cd  
plio~-etlc,~ll) on the SI'R cxo\keleton ,ind b! phol-etic 
mites (Iiuiiiholci 1931. 131-ldgcs & MWCI- 1083) 
Although , t r t ~ f i c ~ , ~ l  rnocul,ition\ of  southern prne\ 1111 

0 111n1i1c do  C , I U \ ~  I - C \ I I ~ O \ I ~  <trid t ~ s \ u e  ci,im,~gc. they 
tfo not I-csult In mol t , t l~t) of' rn,tture tlce\ (e  g Nel\oli 
1034. C o o k  & H , t ~ n  1986) ,ilici the Ihngu\  14 ,117p~~cntly 
not ncces\,tl y for tree cie,ith t o  occ t t~  ( B I  ~ d g e \  1985) 
Southern Ixnc beetle\ <tnd the11 ,trthropod ,l\\ocl,itcs 
\ e l \  c ,is the only e l l e c t ~ \  c mc,lns by \\ litch th14 tuligu\ 
c,ln g,tln iteee\\ to  11~\1 ho\t ~ I \ \ L I C  ( I > o \ z d ~ ~ i g  1469) 
H o \ \ c \ e ~ .  S1'13 egg\ Ii,~tcIi u ~ t h ~ n  tlic pine l7liloem. 

the I'ung~ ~noculatcci hy the .itt,tcl<tng ' id~ilt  li'li1'1le. 
h e g ~ n  g r o u  lng ,lnd colonl /~l ig the p l ~ l o e ~ i i  H ~ g l i e ~  levels 
o f  p l i l o c ~ i ~  c o l o n ~ / ' l t ~ o n  \\11tIi 0 I l l / i l i i r  'ire corrcl,tted 
LI ~ t h  reduceci d c ~  elol?ment,il \~ lccc \ \  ~ n l i ~ b ~ t c c i  egg 
p ~ o d u c t ~ o n ,  \lowet 1'11 \ ' \ I  g~ OM th , ~ n d  d e ~ e l o p m e n t ,  
c \ c n  1,11\,11 mo~t, t l l ty  (13,111,1\ 1970, l - ~ ~ t n l t l l n  1970) 111 
' t d d ~ t ~ o n .  o \c~ , i l l  lc\cl\ of' 0 I ~ I I ~ I I I \  L Z I ~ ~  SI'H ~ n l e \ -  
t,itlon\ , t ~ c  neg, l t~tclp C O I I ~ I ~ I I C ~  \ b ~ t l ~  SPl3 pop~11.it1011 
~nctc'l\e (1311dge\ 1085. L o ~ i ~ b , ~ i d c r o  iJt trl 2000) Tlic 
mccIi,tn~\m of' thlr ,int,lgonl\m ~ e r ~ i , t ~ n c d  unclc,~r ~ ~ n t ~ l  
lcccntly. 17~11 m.1) be p.11 ti.111y e x ~ l ~ i i ~ i e c I  by ex~1ii111111g 
Intcl'lctlon5 of  SPR \ i l th  ~ t \  t n o  other \~gniflc,tnt lung,11 
't\soclclte\ 

ld,icli fem,lle SPH I?o\se\\c\ CI 111 otlioi c l c ~ e  myc<tn- 
~ I L I I ~ I  ~ I ~ L ' C I ~ I ~ I / C C ~  [ i )~  ~ I ~ I I I \ ~ ~ ) I  t ~ n g  Sung1 ( I  I'tpp. H.ipp & 
B,ti t , i \  107 1 .  13,111,ls & Pel 14 1071) W ~ t l i ~ r i  e,~cli ~ d c  
of' the m)c , tng~um.  the Sem,ilc SPI3 I \  ,117le to  mLttnt,lin 
.I p tue  C L I I ~ L I I C  of e ~ t l i e ~  (' i ( i i r (1 (~11o~io  ('1 Iiyollne .l\co- 
11i)ccte) (BAI  1 ~ 1 4  & r'tyIo1 107'3) 01 /,11fo1170( 01 / I (  rii1i1 

\p  A (,tk,t. SJ H 132. B'II I ,i\ & Pel I y 1971. H'ipp. H,ily? 
& 13'11 1'15 1976. I ~ \ I < I L I  1900) 

T h e  S1'13 mqc,~ngt,il  lung^ , I IC  not h ~ g h l )  \ i l ~ t l e n t  111 

the11 pine hc>\t\ It seem\ m o l e  11kcly t h ~ t  the p ~ o p c ~  
tlmc to c\,llu,tte the  ole 01' the myc,tng~,tl f u n g ~  In the 
SP13 I ~ l c  cqclc I \  post-ni,l\\ ,~tt,tclt Once tlic tree'\ 



Southern plnc beetle ,i\\oc~,ited 1~1ng1 1x4 

rc\t\t,ince has been ovelconic, 'lnd the egg\ hatell. e ~ ~ r l y  
In\t,li I , I I - ~ , I ~  beg111 feedlng, constrL1ctlng fine. s ~ n u o u \  
g,ille~-~e\ In the phloem .I\ they go (P,~ync 1983) 
!c\cnt~~,tlly. the I,rr\,ic enl't~ge tllcr~ l'eccl~ng drea Into 
obo\ 'ite l'eed~ng c h ~ t ~ i ~ b e ~  4 th'tt l~eco~i ie  11ned u ~ t h  
luxur~,lnt g ~ o ~ \ t h  of e ~ t h c ~  ol' the t\\o rnycctng~~il fung~  
It , I~I?C.I I \  e ~ t r c n ~ e l y  l~kely th,tt la~-v,tl SP13 get tlic met- 

l o r~ t )  o l ' t h c ~ ~  nutrltlon f'rom the fung'll g ~ o u t l i  n ~ t l i ~ n  
t1ic11- l'eccl~ng ch,tmbe~\ ~ , t t I ic~-  tIi,in dlrcctly SI-0111 the 
pliloen~ ~tself The myc,ing~,tl Sung1 m~ty.  In S'tct. p ~ o -  
v~clc the11 111o\t s~tb\ t~int1~11 beiiefit\ to SPB by concen- 
tl-,it~ng ci~ct,t~-y N Sol- I,ir\,te ( A y ~ e \  c.1 r r l  2000) Beetles 
c, t~ rylng 1:',11orrlocor r r c  l r i l l l  sp A \\ ~ t h ~ n  t l~elr  rnyc~lngla 
,]I e niore fecunci. lie,l\ I ~ I - ,  .tnd li,t\c highel- l ~ p ~ d  con- 
tent\. th'tn thaw cont,ilnlng (' r ~ t r r ~ t r c l i l o \ l ~ r  In turn. 
beetle\ cont,tlnlng C'  1.rrrlrrc r / l o i r i c  tend to be more lit 
th,ln thaw w h o ~ e  I ~ ~ ~ C L I I I ~ I L I  C O I ~ ~ ~ I I I I  no I'ung~ (Br~dges 
19x5.  o old ham me^-, Stephen & I',IIII~ 1990. C'opl?algc, 
Stephen & I elton 1995) 

O ~ ~ h r o \ t o r ~ ~ r r  111rt111\, 1:11101~1o( o/ . t re rrl111 \I? A. 'tnci 
(' /.trrltrc 1/1o\~1\, eo~lipete for the r;tl-c ci~id epheme~al  re- 
source of uncolon~/cd pine pl i loe~i~ ( K l c p ~ ~ g  & W~lliens 
1997) The\e S L I I ~ ~ I  lirst ctig,tge 111 prlrn~ll y I-esource 
capture, fhllowccl hy dl]-ect ~ntcractlon, u~li~cli  can lead 
to defence, and o r  \econd,try re\ource captu~-c Corn- 
p e t ~ t ~ v e  ' W I I I \ '  by rnyc,tngt,tl S L I I I ~ I  w~l l  ~-c\ult in s~tc-  
ce\sIi~l development 'tnd emergence offit 'tdults. ' \ v~ns '  
hy 0 I J ~ I I I I ~ \  ~ 1 1 1  I~licly rej~ll t  111 poorly fed, iveakenecl 
I,t~-\j,ic .~nd l~tt le to no emergence of ,idult\ 

B ~ o t ~ c  and , ~ b ~ o t ~ c  I;tcto~-\ 111,iy ~ n f  tlence. 'ind even 
'ilter the nature of the Interaction\ ,tniong closely 'I\- 
soc~~t t ed  org,tn~srns (C,llla\v,ly & W,tll<er 1997). yet the 
~-espoti\e of ho\t tree\ to the\c f~tngi li,ive typ~c~tl ly 
~nvolvecl ~~n,ttt,lcl<cd. ~ c l ~ i t ~ v e l y  mo~sturc  r ~ c h ,  tree\ (c  g 
C'ooli & H,t~n 1985, I',t~ne & Stephen 1987) O L I ~  own 
~nvcstlg,ttlons ~ n t o  c o ~ i i ~ e t ~ t ~ v e  ~li te~-;lct~on\ C I M O I I ~  SP13 
,~\\oc~,i tcd fung~  h,t\/c utll~/ed rcl,it~vely clry plne bolt\ 
(31 rno~\tule I- ICI I  ,1rt1lic1,11 rneci~,l (Klep/tg & Wtlken\ 
1997. Klcp /~g  1998) None 01' tlle\e ,lpl?loache\ ,117- 
p~oxrni~t tc  'ictu,tl c o i i d ~ t ~ o n \  of t~\\ i te\  w1th111 \+Ii~ch 
beetle4 ,inel I L I I I ~ I  dc\clop ,inel ~ntcr'tct (C'oulson 1980) 
In I ? . I ~ ~ I C L I I , I I ,  soon 'tfte~ SPB 'ltt'tcl\, the ~?liloem 
t~ \ suc  the beetles 11i1i~tb1t 1'1p1d1y dehydr,tte\ (Webb & 
F ~ , t n h l ~ n  1978. W,tgncr elf r r l  1979) S~~bsccl~icnt  cli,~ngcs 
In c \ .~ te~ ~ e l , t t ~ o n \  O ~ C L I I -  ~ l i ~ c l i  seem \el-y l~kely to ,if'fuct 
the 'ib111t> of SP13 ,ts\oc~,ltcd fung~  to gron ,tnd com- 
pete n ~ t h  one .tnotIie~ N o  s t ~ ~ c i ~ c s  11,1\c beon conducted 
on tlic g ~ o ~ x t h  ol' SPB 'tssoc~,tted l'ung~ In I-el,tt~on to 
L4 'Itel- ] ? 0 t ~ l l t l L l l  

PIL'VIOLI\ \ b 0 1  h I l r l \  ~ ~ e l l 1 0 l l \ ~ l ~ i t ~ d  (11~ 3111~701 tcLI1CC' 0 1  
\\ ,tte~ 1~otent1,rl III dctetrnlnlng tile colon~/, t t~on \uccc\s 
of tree p,ttllogen\ ( I  long & M~cIi , t~ l~de\  Iej99. W l ~ ~ t ~ r l g  
Xr I i ~ / / o  1000) Our oblect~\es Sol t h ~ s  s t t~d)  were to 
clu'tnt~i) the cl'l'ect\ of ,I r'tngc ol' clecrc,ts~ng t\'ttc~ 
~-mtent~.tls on the L ~ b ~ l ~ t y  01' SI'13 ~ i ~ s o e ~ ~ i t e c i  I ' L I I I ~ I  to 
g~ o\\ 'tnci compete on .II t11ic1,il mcd~,l To clete~-m~nc 'I 

b~olog~c,illy ~nc,in~ngi'ul I'ingc of c\l,ttc~ potcnt~,tls to 
consrdcr, \be ,il\o me,t\ulcd \\,itel- potcnt~,tl\ o f p ~ n c \  ,it 

ci~lfc~-cnt st,tgc\ 01' SI'13 colon~/, l t~on 

We concl~~cteci phloc~n \xnl?l~ng 'tnd \v,lter po ten t~~ t l  
me,i\urements 111 .in 'tctlve SPH ~ n f e s t ~ l t ~ o n  on [lie 
Homoch~t to  N,i t~on~tl  bctre\t. M I \ \ I \ \ I ~ ~ I  We \clcctccl 
I I tree5 l'or \aml?llng wli~ch mere e~ the r  un,ttt,tcltcd 
by SI-'B. ~ccently ,ltt,tclied by SPB. or  ,ttt,lckcd ,111d col- 
onl/eci by SPl3 We collcctccl t u o  phloem d s ~ \  ( I  c ~ i i  
d~~urn)  from c,icIi tree We u\cd ,I HI<-33T Deev P o ~ n t  
Mtcro\ oltmetcr u ~ t h  ,I C-32 sclmplc ch,tmber (Wc\tcor, 
Log'tn, UT)  to nic,i\LIre tlic w,tter potent~,ll ofc<tch d14c 
e~tl ier  ~ ~ i i m c d ~ a t e l y  t ~ p o n  collect~on or  upon I-etui-11 to 
tlic I,tho~-,tto~-y 

R,l\ccl on ple\ious ~ t o r l i  In wh~cli ctc noted low v,irjcl- 
b ~ l ~ t y  111 groutli r'lte .ind colony morphology 'tlnong 
~sol,ite\ of SPH .ts\oc~,itecf Sung1 (I<lcp/~g & Wllketi\ 
1997). we \elected represent,ltlve ~sol,ltc\ of the tliree 
malor f~tngal assocute\ of SPH C l r o n l o t  o r t r c  l l i ~ l ~  sp 
A, C ' c ~ r r r t o c  1 i i r o ~ ~ \ r  1~r11rre i / / o \ / i \  r ~ i ~ c i  Op111o\to171c1 11r1t214i 

1Lom beetle\ elncrglng fl-o~n SPB ~nfested loblolly plnes 
on the Bi~nkhcnci N a t ~ o n ~ l l  Forest 111 Alabama We 
~\ol'ited the mycang~al llrng~ by ~ ~ ~ r l ' ~ t e e  \ t e r ~ l ~ / ~ n g  'tnd 
d~\sectlng mycnng~itl (Barr,i\ 1972). 'lnd pl,tc~ng them 
OII the ~LII-S'ICL' of pli \ t~ ' \  of bcnon~yl .tmended nialt ex- 
tract 'tg'tr (niod~ljcd SI-otn Iioss, Eenn & Stephen 1992) 
We ~so l~ i t ed  0 11rr1r//\, by crush~ng SPH ,lclults ,111d 
s t ~ c a k ~ n g  them ,tcros\ pl,ttc\ of cyclol1ex1m1de-\tre~3to- 
myclii ,tmendecI m,tlt cxtr,lct ,tg,lr- ( K O \ \  eJt (11 1992) 
Subculture\ ol 'the I'ungr we i~\ecf 111 this s t ~ ~ d y  'ire dc- 
p0\1ta1 In tllc borest 'tnd Ag~~cultur, i l  B~otcch~iology 
In\t~tutc C ~ ~ l t u r e  Collcct~on (Unlvcr\tty of Prctor-13, 
South ASI-IC,~) 

IJs~ng p ~ m ~ o t ~ \ l y  publ~\hed methods ( W h ~ t ~ n g  & R v / o  
1999), \ve p~-ep,t~ed I ' L I I ~ ~ ~ I ~  g~-o\+th r n e d ~ , ~  sf v'ir10~1s 
\+,Itel potentt,il\ 13y ~ L I I - ~ I I I ~  the ~ , t t ~ o  of I<CI ~ n d  
~ L I C I  04e In ni,llt cxtr,tct . ~ g i ~ r  (MEA)  ( 1  5 g l ' C I ~ C I I ,  

10 g I ' 111'1lt cxt~-,tct. ~ I \ I I C I  Sc~ent~l ic) ,  L\C ~ r e p ~ i ~ - e e l  
niedl,~ ~ ~ ~ t l i  o s ~ l i o t ~ c  p o t e ~ ~ t ~ ~ l l \  01'0 (~111,tmended MEA). 
-5 MI',1 (Mt:A ,tmcncIcd c v ~ t l t  8 2 g I ' KC1 ,inti 
68 1 g I ' \~~erosc ) ) .  - I0 MI"I (ML-A clmcncied \4 1th 
I 6 6 g l ' KC'l ,tnd 134 2 g l ' \~lcrosc), 'tncl, -20 MP,t 
( M k A  Ltl~icnded \ \ ~ t h  13 5 g l ' KC'I ,tnd 261 g l ' 
s ~ ~ e r o s e )  We d~\l?en\cd 25 1111 of eCich I ~ I C C ~ I L I I ~ I  Into 
100 x 15 mm pla \ t~c  pet11 d ~ \ h e s  ,tncl ,tllo\ted the pl'ttes 
to e q ~ l ~ l ~ b ~ , i t e  Sol 24 I I O L I ~ \  L I I I ~ C ' I -  stel-IIC e o ~ ~ c i ~ t ~ o ~ i s  

G~.on, th u\\rijy\ 

T o  ,t\\es\ tlie g~o\+t l i  ol' e'tch 01' the three SI'13 ,issoel- 
,ttecl l i ~ n g ~  cupcr~mcnts. u c  ~noculated fi\e pl,ltc\ 01' 
e'tcl~ of the uLiter 1~otcnt1~11 1iiec11~1 \v~tli '1 0 5 em d ~ s c  
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or' MI:A colon~/ed w ~ t h  ,tct~vcly gl-owing f ~ l n g ~  We 
se'ilcd e,icli plate w ~ t h  Pal-alilm 'ind ~ncub,tted cacl-1 ,I[ 
20 C 111 'I growth cIicti-1ibcr (8 16, L D photopcr~od) 
13eg1nn1ng o n  d'ty 3. we trciccd the gl-omth of cacll 
S~tnguj on the bottolli ofc,tcli p1'1te every two d,ty\ ~tnttl 
day 18 At tlic te~-m~n,l t~oti  01' the expeltmcnt, we 
~iie,t\urecl the ,lre,t covered by gi-o\hth by c,lcIi I.LIII~LI\ 
(emL 17" 2 d )  itstng ,I d~g~t ' l l  plLtn~n-1etei- (Nt t~ i ion~c \ ,  
L,lnxi,rle, I'A) <;romtli vdl-led \~~b\ t ' i~ i t~ ' i l ly  ~tcl-o\i 
(tliougll not w ~ t l i ~ n )  Sung,tl jpecles ,lcro\\ .ill n ied~a,  50 

Lte ,tn,tly\ed growth ol' tlie three spec1e4 sel?ar,itcly 
~151ng Iiepe'it Mc,t\ul-c\ ANOVA In St,ttvrc\\ (SAS 
In\t~tutc 1998) 

We condi~ctcci '1 second \et of expenmcnt\ tejtlng tlic 
c ~ b ~ l ~ t y  01' thc\c Sung1 to conipcte w~tli  o ~ i c  ,~notlier on 
those rncdl,~ wh~ch  had suppol-ted f~ing,tl growth In 
tlie fir\[ expcrlment (Control, - 5, - I0 ,111ci - 20) We 
tnocul,ited 10 pl'ite\ of c:tcli medt~11ii w ~ t h  two 0 5 em 
d14c\ of M EA colon~/ed w ~ t h  dtffel-ent specte5 of ,ic- 
t~vely ~ I - O W I I I ~  S ~ i n g ~  The d15c5 were pl'tced oppo\lte 
each other near the ecige of the pl'ite ('ipprox 7 cni 
 part) We se,ilecl ,lII pl,ite\ w ~ t  1-1 P,11-nlilm c ~ ~ i d  IIICLI- 
batecl tl1e1i-1 ,tt 20 In .I gro.il,tli cli,lmber ( X  10. L I> 
photopcr~od) We mea\urcd tlic growtli ,I\ descl-ibccl 
'ihove SI-01-11 d'iy 3 ~illttl cl'iy 18 At the term~natton of 
the expel-lmcnt, we rnea\ured tlie .ire,i occupied by each 
J'ungus (emL pel :! d )  t t \~ng n dlg~ta l  P ~ ~ I ~ I ~ I C ~ C I -  GI-owtli 
v'tned s ~ ~ b \ t ~ i ~ i t ~ ~ i l l y  'tcro\\ ( ~ I I O L I ~ ~ I  not w~t l i~ i l )  hng'il 
\~~Kc'c\  LICI-O\\ dl1 I I I ~ ~ I ; ~ ,  \O we ,inalysed gt-owtli oi'tlirec 
\pccles sepal-atcly, on e,lcIi type of rned1~111-1, tl\lng 
I<epe,tt Me,i\~11e\ ANOVA In S t c c t \ ~ e ~  (SAS In\tttute 
1998) In \ome c,i\e\ f ~ t n g ~  were 11ie~1~~1red 1'01 dtlfi're~it 
,triiount\ o i  tlme ( c g  sotiie leached the pl,tte edge 
wonel tl-1,tn other\) ~ c s ~ t l t ~ n g .  111 \otne c,i\e\. 111 d~ffenng 
n u m  her4 01' ~ i ~ e ~ ~ \ ~ t r c t i i e n t \  

U ES l 1,'I'S 

A t t ~ c I t ~ d  ~ I ' P O \  

W'iter potcnt~,tl\ of t 1 - c ~ ~  In ~ , I I  I O L I ~  \t'ige\ of SPB col- 
onl/,ttlon \,tlled \t~ciely, 1,lnglng I ~ o m  -5 6 to -12 5 
In SP13 tnli.\tcd t ~ c e \ .  ,ind 1'1-om -7 3 to -11 2 111 

hc,ilthq uii,ttt,~chcd {lee\ Altl10~1gli. C \ C  l'o~ltid 110 'tp- 
p<trent c o ~ ~ e l ~ t t ~ o ~ i  between 'ttt'tck \tCttu\ 'tnd \ L ~ I ~ ~ I  

1?ota1t1.11, 'tll  the pliloeni \,imple\ u c  mc , t \~~~ec i  lkll well 
~ ~ t t l i ~ n  tlie r'tngc o fu , t t e~ -  potentr,ils li)~tnci 111 the m e d ~ , ~  
t ie l i ) ~  mul,~ted 

Fig. 1. In t l~~ td~ t~r l  gr outh (cinL) of lungC~l ,rs\oct,~tc\ ( O p h ~ o -  

$1011111 11111110. ('('1 ( / l o (  1 \110/1\1\ 11111(l111/0\11\. 1:11101110101 / I (  111111 

A )  of the \oi~tll~'i n p111e bcctlc o n  nicdi'~ 01' \ / c ~ I  111lg C \ ~ I L C I  

~?otcntrc~ls. 'I\ me,r\ulcd ~ ~ t h  'I dig~t'~l pl.tlilmctel 

(6, ,, = 4 17, P < 0 000 1 ) <;I owth of 0 1i711111\ w,t\ c\- 
sent~,tlly the 5a111c ('ind \omctlrnc\ even s o i i i c ~ k ~ t t  more 
r a p d )  on -5 m e d ~ u m  '14 ~t wcis oti tlie control med~itni 
(Fig 1) Medt,~ ultli w'ttel potent~,il\ of -10 .~nd 20 
reduceel growth of 0 I ~ I I I I I I \  i ~ ~ b \ t ; ~ ~ i t ~ ; ~ l l y  (by appl-ox, 
32 '%I) 

7Tlic gron t l i  of (' r r r ~ i t r c  l i l o \ l ~ \  w,i\ \~g~ i~ l i c , t~ i t ly  
,~li'ectcci by \\Ltter potcnt1~11 xd'ty Intcr,tct~on (I;,, ,,,;= 
420 97. P < 0 000 1) (;ro\vth of ( '  r r t l r r r c  I I / O \ I I \  d ~ d  not 
cl~lt'el- not~cc~tbly or  \~gti~fic,intly, between con t~o l .  -5 
01 - 10 m e d ~ , ~  ( k ~ g  I) Ho\ve\ el-, (' I ( i l l c c t  1 / / o s 1 1 \  gl-owtli 
\{,I\ ,tlmo\t completely l t l l i~b~ted (,117pr0x 94'%, I-e- 
duct~on)  by the 20 r n e d i ~ ~ ~ i i  by c\l?enment'\ cnci 

The g~-o\\~tIi of 1 1 1 1 t o 1 i l o (  0 1  11c 111111 A LL,I\ s ~ g n ~ l i -  
c,tntly ,tllcctcd 17) \\,lter pote1111'11 x ciCtq I I I ~ C I - ~ ~ C ~ I O I ~  

(I=,, ,,, - 1 54, P < 0 000 1 ) C;ro\t th of 1:11 /o111o(  or t r c  111111 

\P A \.\'I4 ~ \ \~ l l t l< l l ly  1 1 - 1 ~  \~I111C 0 1 1  c011tl-01, - 5. -10. 
, ~ n d  -20 mcdta t l ~ r o ~ ~ g l i o ~ i t  the e \ l ? e ~ ~ n i e ~ i t  (Fig I) 
Hobe\er  uhcn cultu~-cs Melt ,tllo\ted to conttnuc gl-on- 
Ing up to 17 ci'iys post-~nocul, t t to~~. the -20 ~ i ~ e c l ~ i t ~ i i  
s~tb\t,tnt~,illy reduced I J 1 1 t o 1 i 1 o (  o r t l (  I I I I ~ I  \ p  A g-I o n  tll 
(hq .il?l?ic>x 54%. .I\ conip.t~eel to the c o n t ~ o l )  



Soutl~cr-n pine beetle ,t\\oc~ated S L I ~ ~ I  186 

I-educed tn - 10 'tnd -20 incdla. ~t w,t\ st111 i-e,td~ly 'tl31e 
to ontcomj3ctc l<~llo~irocor/rr r l r r i ~  jp A 111 the\e ~ n e d l , ~  '15 

\bell By 22 d of growth. I:i~/o~iloc or / r c  I ~ I I U  417 A 11'1ci 
c,tptuiecI only 10 '%, of the ,imoiit1t of sub\t~,tte cap- 
tutccf by 0 1111111i\ 

Ophiostoma minus rlc.  Ceratocy\tiopsi\ ranaculosu5 
0 11111111\ 

017111o\1o111rr 11111rri\ e,t51ly outco~~lpeted  ('rrtrroc I \ IIO/)\I \  
rri~ltrc~tlo\~ir for \~~b\ t r , i te  (311 control ,tnd -5 rncdl,~ 
(Flg 2) Honekei-, ,lt Io~ver ~c,i tc~- potcnti,~l\ (-10 'ind 

2 0  -20 medl'i) the two Sung1 cilpturcd i tpp~-oxm~~~tc ly  the 
V \,lime ,1111o~int of sub\ti-,ite 

. - -  

Fig. 2. Competition of fungal associates of the southern 
pine beetle (O/~/~io.s/or~~tr r~rirlris, ( ' c ~ r r r / o c ~ ~ ~ . s / i o ~ ~ . c i , ~  ~~crrirr~~~~lo.~l~.s, 
1<111or11oc~orli(~i11111 sp. A )  on metiiii of \'arying water potcnti;tl. 
Area coloni~ed (cm! 21s mensu~.ed \\iith ;I digital plnnimclcr) 
by cncli ~ ' L I I I ~ I I S  i n  O I ~ C  on 0 1 1 ~  compeliti\le i~ss;iys: ( ( I )  0. rliir~~r.s 
\'S. ('. ~ ~ i l l l ~ ~ l ~ l l / l ~ , ~ l ~ , ~ ~  ( I ? )  0. 111~~111 .~  \ 5. / ~ 1 1 / 0 1 ~ 7 0 1 ~ 1 ~ ~ / f ~ ~ ~ 1 ~ 1 1 1  513. A 
anti (1 , )  C ' .  ro~~rrc~rr/o,srr.v vs. /: 'r~/o~iioc~o~~/ic~il~ri sp. A .  

,\fleeted hy Sungus x d'ty inter,tct~on on 0 medlum 
(i- ,,,, =61 07, f '<00001). -5 ~ ~ t e c l i ~ ~ m  (1: ,,,, =41 08, 
I'<0 OOOI), -10 m e d ~ u m  (5 ,,,=5 16, P<O 0003) ,ind 
-20 rncd~urn (& ,),,= 1 1 94, P<0  0001) (;ioutIi of' 
0 11111rri\ <111d I:il/ori~o( 0 1  /I(  1ri111 \r) A wet\ ~ ~ g i ~ ~ l i c ~ ~ i l t l y  
,tlkctcd by fungu\ x d'iy 111tcr~tctlon o n  0 mcdlum 
(I.'; ,;=296 24, 1'<O 0001). 5 med~um (1.; ,;= 126 19, 
P < 0 000 1 ), - 10 rncdl~~rn (1.'; ,, = 26 29, 1' < 0 000 1 ) 
.ind -30 mcd~um (1:; , , ,=96 02. 1'<O 0001) (;rout11 
of C' 1 rrrrrrc lrlo\/r\ 'iiid C~rtolilor or / I (  rlilir \P  A wet\ 

\~gn~iic,lntl) ,illectcd by lungu\ x d,iy ~ntol-,tct~on o n  0 
1necI1u111 (I ,,,= 33 17, P<O O O O I ) ,  -5 m e d ~ u m  (I ,),,= 
102 76, /'<O O O O I ) ,  - 10 mcd~urn (6 ,,,,, =91 32, l'< 
0 000 1 ) , ~ n d  -20 mecl~um (& ,,, = 10 35. I-'< 0 000 1 ) In 
mo\t c,r\c\. thc I 'L I I I~I  1 ~ 1 d  grou n tlii enough to come Into 
co~~t , i c t  b) tlic elid ol the C I \ \ C I ~  Tien In the c,i\cs nhere 
fungi d ~ d  no1 ,ictu,tlIq come Into cont,tct. the) \ i e ~ e  
compet~ng I I ~ I  131 lrn.11) sub\tl ,ltc c , ~ p t i i ~ e  (l<,iyne~ & 
Wehhei 1984) , ~ n d  0 1  po\\lble 51101 t 1,111ge ,tntlb~osi\. 
'tnd the outcome of \ L I C ~  \ t ~ ~ l g g l e \  Sol r ~ \ c t ~ l c ~ b l ~  5~113- 
4 t i  'ite ~4 o i~ ld  hCi\ e \el I O L I ~  ~mpllc, i t~on\ lo1 SPH l,ti \,ie 

Ophiostoma minus I ? \ .  Entomocorticium cp. A 

A4 \\c oh\el\ed In the g ionth  c \pe~-~ment .  Ophto~ro~irir 
I ~ ~ I / I I I \  gren 11101~ e\tcnsl\cl) o n  the -5  rnecilr~m 111,tn 
on tile control rned1~1111. ,tllo\i~ng 11 to c , i p t ~ ~ ~ c  mole 
\uh\tr,ttc In c o m p e t ~ t ~ o n  ~ i ~ t l i  I:lrlo~iioc 01 / I (  lrilll \ p  A 
( k ~ g  2) Al t l io~~gh  gi-o~i th 01' 0 1i?r1111\ 1% '14 gledtly 

C'cratoc~stiopsis ranaculosus rc. Entomocorticium cp. A 

('c~rrrfot 1 \lro/)\r\ rr11~(1(1110\1i\ eo51ly outcompeteci Gl/o- 
111ocor./rc rrrlll 5p A on all m e d ~ , ~ ,  tlio~lgh ~ I - o ~ I - c ~ ~ I V C I ~  
le55 5o '15 water potential\ decl-ea5ed TI-om c o ~ ~ t r o l  (0) 
to -10 (Egg 3) 011 tile lowe\t water potenil'tl medtu 
(-30), houevcr. E11to111oc or/rc r l i r r l  \ p  A growth W C I ~  \o 
reduced that, '15 wa5 the caw 111 1t5 cotnpetltion w ~ t h  
0/~11r0~/017~cr 1ir11111\, ~t only captui-ed 10 '%) of the ,1n1o~1nt 
of 5tlb\tr,ite captured hy O 111r111i\ 

13,irIi bcetle-a55oc1ateci Sung1 '11-e Sticed w1tl1 li~ghly 
\anable  cnvii-oninent\ wlthln wh~ch  they mu\t obtaln 
nutrient\, grow. repi-ociucc ,ind beco111~ av't~l'ible foi- 
d~\per \a l  Among the fBctor\ wli~ch may ,tlii'ct the 
rcl,it~\le \wee\ \  of the\e S L I I I ~ I  arc ho\t ~ l i ~ t r ~ e n t \ .  de- 
Sen\~vc cliemtc,tl5. tempcr'itui e 'ind mo~\ tu re  (I<lep71g 
& Wllken\ 1997) Our expenmcnt5 detcr~niiled th'it 
the growtli of tile Ihree rn,llor fi111gr11 ci\\~>e~;ite\ of 
SP13 I \  \trongly ,~ft'ected hy decrea51ng w,itcr potc1lt1,11 
A l t h o ~ ~ g h  pines ~111der c~tt'ieli by SPH hCi\e dl-lei- pI11oe11i 
tli,in L I I I ~ I ~ ~ ~ I C I < C C I  tree5 (Webb 8( Er'inkl~n 1978). 0111 

5,imple w c \  mci> not h,t\e been I,t~ge enough to detect 
s~g~i~lic, tnt  dilfc~once\ In \\,ltci potent~,il\ bct4ed on 
degree of' SPB ,ttt,lck H o ~ \ e \ e i ,  Plilocm rno15tu1-c de- 
cl-e,ije\ r'tprdly ,ind \e\erely soon 'tftel s~1cces5fuI SP13 
'tttack 'tnci rc,ichc\ ~ t \  lo\\e\t le\el5 cfui-lng I:ir\,iI d e ~ e l -  
o p m w t  (W'igncr c J /  rrl 1979. C O L I ~ ~ ( > I I  1980) With111 
the i.ingc of'~z,iter potcntl,~l\ Sound L{ 11~1111 the tree\ 
\,117npled, competltrke ~nter,ictlon\ rems~ned 1a1-gely 
\trnll,ir to tlio\e Sound pi-e\~ou\ly ( K l e p ~ g  & W1lhen5 
1907. l<lel?/~g 1998) At the lo\ver \%,itcr potcnti,ils. 
Sung,il gro~bth ~ \ , i \  rccit~ced to the extent th'it one of 
1 1 1 ~  SPB 111) C ' I I I ~ I ' I I  S L I I I ~ I  ( ~ 7 ( ~ r ~ l ~ O l  s~ l (~ I )515  ( l l r r l ~  l l ~ o ~ l l ~ )  
could ec1~1,iIlq co~npete  n ltli O / I ~ I I ~ \ I O I I ~ ~ I  r1111111\ I t  
\ h o ~ ~ l d  be tioted, hone\cr ,  th,it 0 11111111\ gre\\ f't\ter 
th,ln C' I rnrrrc ltlor/r\ \\ hen the t\zo L \ ~ I - c  gi-o\\ n \cp,i~-- 
,itel\ o n  the - 10 ~meci~um Wlicr~ t l~c\c  Sung1 \\el-e 
gi-o\\n on the \,tine pl,ite, t l i e~e  \4.1\ mole of,t rcd~ictlon 
of g ~ o ~ \ t l ~  in O/)l l~o\/o~l~tr  tli,in In C' ~ ~ r ~ r i i t r r l o ~ ~ i r .  but 
Opl~ro\toriltr g ~ - e \ ~  \~gn~fic,tlitlq L15te1- lIi;i11 either 
mqc,~ng~,il I 'ung~~\ \\hen the] \%el-e gronn togetlic~ '11 



- T O  MP,i, L ~ ~ i d  f;~\tcr th'111 1;11/011toc o l  t r c  r l i l i i  \p A 
'it -20 MP'i Wliile the inedia coiitai~ied inciecl\ing 
~ 1 1 1 1 0 ~ ~ ~ \  of \LICE OW M l t l l  1 1 1 ~ 1  C ~ \ I I I ~ ~ ~ J  1 1 ~ ~ ~  '" I ~ I \ C  M J ‘ I ~ ~ I  

potci~tt',il\, any potc~iti~tlly \ t~~i i~i l ' i fo~-y  cl'fcct\ of t h ~ j  
c,t~-bon \oui ce M el e ,11?1?.11cntly o ~ i t ~ v e ~ g l ~ e d  by the 
ctkcts of the ,tdd~t~on,il KC1 ,rnd ' ~ l t c ~ e d  \\,itel- re- 
I,ition\ Tlieje rned~ ,~  11,1\e pre\ I O L I \ I ~  heen i~rcct \ ~ ~ c c c s \ -  
S~111y to test the elrect5 of \z,Itel potcnti,tl on fi~tig,ll 
Fro\\ th ( W h ~ t ~ n g  & R177o 1999) 

Tlic\e demoii\tr,~ted ~rnp'icts of' one , ~ b ~ o t ~ c  S'tcto~ 
o n  fii~ig~il ~~itcl- ,~ctlons may help exp l ,~~n  tlic \ticcc\\ of 
rnyc,~ng~,il 1'~1ng1 111 SI'N ~tife\tcd ho5t\. desp~te  tlic 
ne,~ll l  o\e~\vhelming competlti\e '1b111ty e \ I i~b~ ted  by 
0 I)~III~I\ 111 mo\t c,t\es (Klcp/~g & W1lken4 1997) Oui 
I ' L I ~ L I ~ ~  re \e~~~-cI i  L\ 111 \eel< to cictenn~ne tlie 111il?,ict of 
other ho\t '111(i I I ~ I C S O C ~ I I ~ I ~ I ~ C  1 ~ l i i t ~ d  ~ , i ~ ~ ~ i l ? l e \  011 the 
g i o ~ t l i  c ~ i ~ ~ i  conl j?c t~t~\e  inte1,ictlons oftlic\c ~ ~ i i p o ~ t ' ~ ~ ~ t  
,t\\oc~,ite\ ol' the mo5t dc\tt uctive fol-e\t In\ect 111 tile 
 outl lie^ n lJSA 
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