
i Y f  li>Tj.%CE *TWOI..WXF::Ij CY,lf".'I"NI.:?" BORI5R AND f~X$'l2~I?~Yi,~2:V 

Ahsrrrscr: 1'Z;c ;~:c:iri.i-ttct: i l l  rtviiiir:cii circ:s:i~ut horcr iTI.d;?fTf, Aj:~i l i i .~  !rilb~asa~ir;u (Wcberf, and 
the canker iiirrgun i i ~ f ~ O ~ ~ ! r ~ f i  L ~ ~ ~ - ( . , ~ I : ~ ; ~ F ~ ~ ~ ~ ~ I X ~ ~ ! ? ? Z  (SC~I$V. c?\. I'r.1 Cke. was recorded CFSZ dcad a;ak 
QQtar-rrra.;) trsc.i 27 srn ri ian~ctcr  at breast !~cight (DX3lf) along an ;tciiiic e!cpr?sinisasa gri$diaini 
frur-r~ ,Brkan.;as to Ofiio i r l  1989 and IlbQO, i%jspr<jxirnatcly, one kt> ttarec.e E~cctaxs of 
a&-hickijry li>rc<rs 4vafcre it>spt,.u~er! ;u z:actr of arveal sotldy sites: (~ntl site i r ~  Arkansas, twrr ian 
Illin~rris, rwu i r ~  intli;tnii, cini.f, i\vrl, in Ohio. i4 i% shrcs wan: brr,abt!y ranrtlogcrus with PCSPCCZ to 

grlrlatgy. srail, s!i>pt., asg-ieci, innd I.iarc;st LO'G.~:P type, iEbra?jx~rtlt,z~;t11yV mtrrr: trecs in the: ~ ; d  ~jikk 

grotif, ;I,I<! tlicif t h r i i ~  nrcci Itn the wkltt: oak grnknp ar at16 Iliinois, Indiaa~:i, ;srld Ol\icl sites. 
Meara %)tiih ii 4:jf civ:ir! rcii otrks was gre;trer th;tn that irf d a d  whitc o,&s at A! siacs. Evidcnce 
o f  'Il..f.:I:3 rtsl:! I f  ciurrc.rzsrxt.wtiifr: :tt~ac& was rrhserveal at aEi siies on ssvcral rcd oak sgccics 
(scitriet, Z>ii:ck,i;i~k, :t<itnhc!-ri rud, atid t~Xit~k <)ti&) a~lrj. whiic 0;tk species (wimirti, ~!$es!r~ut,  aa8d 
post o::k). '1'9,C'lf ;nrt;lck w;rs ;;ci~tzr:illp marc cornanoil &h;t.m !I. uiropunc-tkid~uar. csal btatft red 
oink.; ;ir~cl white r3;iks. Moscovcr, i l i~icfe1.2~~ o f  both q.>cfi~s tended f~ ix )t(: 8)kighcr ara red ta3.k~ 

tta:in 4 3 r a  \~.tliic I ) ; \ ~ L ; ,  : t r ~ t f  (?-I) hig:fij~rr Brt Illdtli)is, I!ldia~~;t, :mi$ Oi~io h i i n  in Arkansas. 

Tkre Ohio Corridtrr. Study is l"ocusei! c?n tlae possibk eif~<;ts of acidic dcposiricrn ton 
o&-t:ickorg forests in the itrwer nnidwcstern iJniaed Strsaes (E.lcB!anc et al. 1988, lxjstcks ea al. 
1941 3 .  Ihis getrgr:ip!iir: grarfitrrr siudy wrns one of seveni! forestry-relrrted stirdir~.~ f'iaglded in 

i"-BK(l'ii 2.; y~:ir.i of nhc Iiisrcsr Mesponie Pn,grar;.a trf the 5:iricllial AckJ Precipitation 
~ " ~ S C S S ~ ~ > C ~ I I  T"lr,grsn?; NCC S;cirrr~.der ;:nd Kicsncr (l"dXSZ3 for prcagram i.ln:taits. 7hr: Ohio 
Ctm-inBor Stxitiy was origin;~lly dasigncii to fest ihc hypothesis that, fix anitlogous stand 
contiitic7ns arid sc~ii iypel;, differences izn growth resporrses c-tf a& and hickory :a!ong nke 
gradicnt could hc explained by differences in politn~tani dose. Seven study sites were seiccted 
within or near fo:c,:ir narionai 

----------- ~ -.--- 

'Kcseur~.h Eni<,rnra!ogisi :\rail lii~,ia,gicaf 'i'chnici;tn, tespei:rivsiy, USI:>A Forest Ntxvice, n'63f iB-i  

CPnrrai F(-sres~ kxpenment Srarioz.a, ir~sect I"rojec\, 1407 S .  iimison Road, East Tdansiang, M1 
48823. 
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Table 8.--Site location data, me&m s t a d  age of dominarae md 130-darrdnant trees, pelcent of 
basal area consisting sf Quercw and Carp species (trees 110 cm DBH), annual 
precipitafion at or new thn: site (1955.. 1986), and estimated annt~ai oataf (wee + dry) sulfate 
deposidon for two time sDaras (details in Loarcks et al. 1991). 

Si tes  

Pararreter A m  DIX TOM CSF HNF EOA TmF 

State Arkansas 
County Franklin 
Latitude 35O45' 
Longif ude 93°47P 
Elevation bm) 685 
W e  l y r )  6 1 
% Q u e r c u s  9 8  
5 Carya 1 
% O + C  9 9 
Precip (cm) 120.4 
Estimated t o t a l  annual 
1900-1985 5 -51 
1955-1986 3.85 

Illinois Illinois Indiana 
Pope Jacksori Scott 
37'25' 37'38' 38O 30' 
88"408 89O11' 85'50' 
87 12 1 87 
7 4 105 9 3 
8 8 77 8 6  

9 2 0 6 
97 9 7 9 2 
118.1 120.3 108 - 5  

s u l f a t e  deposition {g/m2/yr) 
8.64 7 .66  8 .68  
6.73 5.97 6.14 

Indiana 
Jackson 
39"03' 
86O12' 
8 6 
8 8 
98 
>l 
9 9 
112.6 

Ohio 
Adans 
38"4OF 
E3°27' 
101 
9 9 
9 6 
1 

97 
135.2 

Chio 
Perry 
39"35" 
8ZQO3# 
12 3 
12 1 
87 
10 
9 E 
104.8 

forests along a gradient from noahwest Arkansas through southerla Illinois and lndiana to 
south central Ohio, Within the BJnited States, the Ohio River Valley has consistentiy been a 
region of high sulfkns oxide emissions duning the 190nYs (Gschwmdtner et al. 1986). 
Estimates of total sulfate deposition (wet +- dry) during the 1900"s show nearly a two-fold 
increase from Arkansas to Ohio (Table 1; I~3ucks el al. 1991), wieh sulfate concentratit~ns 
decreasing in more recent years, In addition, the Ohio River Valley is recognized as an area 
of high ozone concen~ations within the United States (b fohn  arhd Pinkenon 1988); however, 
tno rrm2tjax ozane pa&ent was cfetected in the present study (8,ceucks ee d. 1991). All study 
sites were selected to bc south of the rasaximuna glacial dvanoe and north of areas: where 
sdfs have high sulfate ahsovtiola capacities. Soils were grim&By of the sandy foam types, 
wieh low cation cwaciky (Guillemette 1989, Hx~ucks et aB. 1991)- 

Although the Ohio Cornidor Study sites were selected to be highly andogous, sabsequen: 
detaiaed soil and stmd-smeture studies in&cated that the Arkansas site, and some of the 
Hltinois and Ohio plots would have to be withdrawn from analyses when considering only the 
mrwt nmowly anaiogous sites (bucks et d. 1991). Nevertheless, in the present study, we 
present results fxom dl seven sites. 

Aspects of oak decline and mortdity were investigated by several resemchers in the Ohio 
Conidor Standy @sucks et d. 1991). Two pests that were commonly associated with dead 
O&S dong the gradient were the twolined chesmut borer (mCB), Agrilus bilineatlas (Webex) 
(Coleogtera: BrapresticSde), and the canker fungus Nypovlon harrupunctatm (Schw. ex Fr) 
Cke. These two pests are. comnnsnly asswiated with stressed oaks, especially 
&ought-smssed oaks (Bassea anel Fenn 1984, Haack and Benjamin 1982, Lewis 1981, 
hqistaretta et sl. 1981, Tainter et d. 1983). The TT1,CB is mognized as the gwncipal insect 
mortality agent of seessed oaks in the eastern United States (5Haack and Acciavatti 1991). 
The vimlence of H .  atropsmcratm is less well dwlamented; it is recognized as a sitprophyte, 
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but it rnay be a weak parasite on severely sEessed sees. No ather abovc-ground pests were 
eon3monliy found on xcenrly dead and dying o&s across the hi;rri&ent. 

The objective of the present study was to catego~ze the &ad oaks at each of the seven Ohio 
C o ~ d o r  Study sites with regard to tree species or slab-genus, DBH (dimeter tat b ~ a s t  
height), mnk con&rion and orientation, md incidence of TLCB and 22. a f o c  attack, 

Study Sites 

Detailed information on study site selection and baseline infc>mation for all pemaraent plors 
is found in Guillemette (19891, ZeBlanc er A. (1988) and b u c k s  et d. (1991). Baiiefly, seven 
study sites were selected that had similar vegetaGsm, soils, and geology. These oak-hicko~ 
sites were selected to have broadly mdogous environments, except for the acidic dose. Sites 
and their abbreviations are OzasEc National Forest in hkansas (ARK), Dixon S p ~ n g s  (DIX) 
md Touch of Nature (TON) in Illinois, Cia& State FQES'~ (CSF) and Hmsier National Forest 

) in Indiana, and Wayne National ITorest (WNF) md Edge of Appalachia (EOA) in 
Ohio; administi-atively, HNF and have been combined asld are now known as the 
Wagme-Hoosier National Forest. Additional lmatiic3n and site &data are presented in Table I. 
At each site, approved smpling areas (sample elements) were %wated on upper slopes with 
southerly aspects in mature oak-hickory stands that showed no evidence of xcernt 8"m damage 
or logging. Eight 0.04-ha pemanent plots we= established at each site at rrutadomly choscn 
points wi&in the sample elements. Across the gradient, wee species compositioka was 
complex; about 30 different species were encountered on the 56 pemaraenr plots CkBHmc et 
ai9. 1988). The oak m d  hickory components of each site rnse presented in Table 2. 

During summer 1989, we inspected all dead oaks for X C B  agad H. atropunct@rm an each 
permanent plot. That procedure, however, provided fewer than 10 suitable &d oaks per site 
at four of seven sites. To increase the sample size of dead oaks, we revisited all sites in 
spring 1990 and marked off large sections of practically $1 approved smpHe! elements at each 
site for further inspection; approximately 1-3 ha per site. 

ed whether individual dead trees were oaks by using chmcters such as bask, 
brmching pattern, buds, wilted foliage, distinctive genus-speciBic beetle galle~es, and wood 
grain. Thera, if possible, oaks were assigned ta a species ca sub-genets group, i.e., the red oak 
p u p  ( R W )  Ery~hrobalanm or the white oaJc group ( W N )  Leps'dobalankks. Such 
assignments were usudy not donc with oaks &at had lost dE bank maor were in ;a$.vznced 



Table 2.--Mean basal area Qm21b.a) of hickonp. (Gapya) md oak (Quercmj species by site for 
eees 210 crn DBH, based on eight 0.04-ha plots per site (kBlanc et dtt. 1988). 

b a s a l  a r e a  

Tree species ARK DIX TON GSF NNP WPSF EO A .-" 
Hickory species 

B i t t e r n u t ,  C .  cordifo~mis - - - 0 . 4 9  - - - 
Pignut, C. g l a b r a  - 0 . 6 7  1 . 9 7  1 . 1 5  0 . l i  - 3.57 
Red, C. o v a l i s  0 . 2 2  0 .46  2 . 4 9  - - - 0 . 3 1  
Shagbark, C. o v a t a  - 0 . 7 6  0 . 1 1  - - 0 . 2 5  0 .17  
Mockernut, G. t m e n t o s a  - - - - - 0.98  - 

Oak species 
Khite, 9. alba L * 7 . 2 3  
S c a r l e t ,  Q, coccinea L - 
Southern red, Q. f a l c a t a  E - 
Blackjack, Q. m a r i l a n d i c a  E - 
Chestnut, Q. prinus L - 
Northern red, Q. robra  E 9.97 
P o s t ,  Q. s t e l l a t a  L - 
Black, 8. vef utina E 5 . 2 6  

Red oak group 1 0 . 2 3  6 .33  3 - 8 2  1 . 2 3  5.75 6.95 5.89 
White oak group 7 . 2 3  1 1 . 4 2  9 . 0 6  21.43. 1 9 . 5 4  1 9 . 3 9  20.86 
A l l .  oaks 1 7 . 4 6  17 .75  1 2 . 8 8  2 2 . 6 4  2 5 , 2 9  2 6 . 3 4  2 6 . 7 5  
A l l  h i c k o r i e s  0 .27  1 . 8 9  3 . 5 7  1 . 6 4  0 . 1 1  0 . 3 3  4.05 
A l l  o t h e r  species 0 . 1 8  0 . 5 1  0 . 4 2  2 . 0 5  0.33 0 . 6 2  1.11 
A i l  species corrbined 1 7 . 8 6  20 .18  16 .87  26 .33  25.73 2 7 . 5 5  31.67 

* L = white oak gzoup Lepidobalanus of genus Quercus,  E = the red oak  group 
E r y t h r o b a l a n u s .  

stages of decay. Bark was rile principrr61 ehraracter used for species or sug-gents designation 
macPng dead oiiks. 

Several parameters were recorded fa-  all dead oaks 27 em DBW, using methds mcxtified 
from McCune et at. (19888). DBI-H was recorded to the nearest l cm with no comction made 
for bark loss. At times, DBH had to be estimated, especially for stumps and decadent mess 
Rccisic~n, as indicated by Enleasurement of DBH, was within 0-3% of the ori@nal values. 

Broad categories d tree condition were recorded to dlow inference a b u t  the timing of death. 
Dead o,&s that could be iclentified to species or sub-genus were assigned to one of five 
categories as given in McCune et al. (1988): B = small twigs intact, 2 = main trunk solid, 
small branches gone, 3 = main mink soft but shape mostly intact, 4 = main mnk  deeply 
rotted, co%lagsed, and 5 = main mink gone, only fragments s f  tree base remaining. Dead oaks 
that could not be identified to species or sub-genus because of lack of bark or being in an 
advanced stage of decay were assigned to categohg.. A. 

We estirn~ated percent of b z k  ~ O S I  from the main uunk using 18% intends, with 
remeasurenaenrs never exceeding 41 intend. In :ad&tion, we recorded orientafion of the main 
sunk as either standing, learning but not touching the ground, failen on the gound, or only 
remdns of the stump existed. 
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Definitive signs of TLCB md M. nrropunctabm were used to designate a dead o& as having 
been definitely attacked. For TLCB, the distinctive m m d e ~ n g  lmd nfd1eies 082 the 
sapwoad surface or D-shaped adult exit holes on the bark surface we: US& as psirive 
evidence of TLCB attack elareck 3989, Haack and Acciavzt~ 1991). In mes that had died 
the previous growing season (1989), TLCB larvae and pupae wese often found because the 
8990 surveys took glace before adults emerged. 

We designated nees as having H. atropalzctabram infection if we observed one or more 
ssomara on the main Itrunk as illus@ated in Fens and Holland (1984), m-ompson (19639, and 
Van A-rsdel (1972), We =cognize that this meah& underesekimates the actual level of ,fa 

cab~9unctatlk~ra because some infectic311s may not yet have developd s@oma@, and others may 
never develop stTomata. 

On s ~ n d i n g  trees, the lower 2 rn of mnk were always inspected for both pests; upper 
portions of the main mnk were examined from the $hound for hl. atropurzcretm saomaa. 
On leaning trees: and those on the gound, nearly the entire mnk was inspected. Typically, 
incidence of TLCB and N. aeropunctatunt on oaks assigned to trunk con&eions 4-6 could not 
be assessed with high accuracy due to lack of bar&: and to advanced stages of decay. 
Although standing trees had the smallest percentage of their m3nk area inspected at close 
range, we consider the 'KCB data reliable because this beetle attacks to ground Ievel in the 
year of tree death (Maack and Benjamin 1982). 

RESULTS 

Chwdcee~seics of Dead Oak Trees 

We inspected a total of 1384 dead oaks &7 cm DBH) on the seven sites (Table 3). Of the 
eight oak species found on the study plots, dead in&viduds of seven species wese found: 
white (Q. alba E.), scarlet (Q. coccinetr Muenchh.), blackjack (Q. maridc~dica Muenchh.), 
chestnut (Q. prima L.), northern red (Q. rahra L.), post (Q. stellafa Wmgenh.), md black 
oak (Q. velratina Lam.) (Table 2). No dead southern red oak (Q. fabcaba a!chx.) were found; 
however, this species was recorded at only one site (DIX; Table 2). 

DBH of dead oaks ranged from 7 to 75 cm; mean DBH SksH red oaks exceeding that of white 
oaks at all. sites (Rg. 1). The 10- to 19-cm DBH class was the most heavily represented at 
each site, Mean DBM for all dead oaks combined was smallest in ARK and greatest in EOA; 
mean DBH was positively correlated with median stand age (W.61, H"cO.038, N=7 sites). 

In general, dead oaks in trunk-condition categories 3 and 6 were the most feqksently assigned 
(Table 3). Trunk condition patterns were broadly similar between red oaks and white oaks 
(data not shown). Based on exmination by others of dead oaks ,20 em DBH on these same 
sites, oaks in mnk-condeion categories 1 and 2 Rd died in the past 10 yeas, md those in 
categcPries 3 no 5 had died more than 10 years ago (Eoucks et al. 11991). 
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T&le 3.--Number or percent of dead oak trees ;pT cnn DBH in various categr-tsies by site. 
.,- 

S i t e  -- -- 
C a t e g ~ r y  * A l l  ARK C I X  TON CSF KNF 6uTF EOA 

Number of dead oaks i n  all t r u n k  o r i e n t a t i o n  categories (N=1384 trees t o t a l )  

A3.1, cor id i t ions  1-6 1 3 8 4  235 3C9 17 6 123 2 8 5  130 12 8 
All, c o n d i t i o n s  1-3 698 139 207 110 51 100 33 5 8  
ROG, e o n d i t j o n s  1 - 3  2 6 8  6 3  6 1 4 5 17 3 3 1.9 3 0 
WOG, c o n d i t i o n s  1-3 430 7 6  1 4 6  6 5 34 67 1 4  2 8 

Mlamber of  s t a n d i n g  or  l e a n i n g  dead caks (Hz647 trees t o t a l )  
A l l ,  cond i t io r l s  1-6 6 4 7  1.56 183 6 3  52 115 33 4 5 
All, c o n d i t i o n s  1-3 493 T i 3  1 5 7  5 6 4  0 7  5 15 37 
ROG, c o n d i t i o ~ l s  1-3 289 5 0  5 5  2 3 14 2 1 9 17 
HOG, c o n d i t i o n s  1-3  304 6 3  102 3  3 2 6 5 4 6 2 0 

P e r c e n t  of a l l  dead oaks  ( N = 1 3 8 4 f  by t r u n k  c o n d i t i o n  ( % )  
Condi t ion  1 4  3 4 5 4 4 2 3 
Condi t ion  2 1.0 1 4  9 4 6 19 3 19 
Condi t ion  3 37 36 5 4 5 3  3 2 2 3 2 1 2 3 
Condi t ion  4  1.5 32 1 0  6 2 5 12 17 9 
Condi t ion  5 4 7 1 2 4 5 9 2 
Condi t ion 6 30 2 22 30  30 50 4 9 4 4 

P e r c e n t  of all dead oaks  (N-13841 by percent bark  l o s t  ( B )  
0 -  5 %  23 33 3 7 2 8 1 4  1 4  3  1 7  

10 - 20 % 95 23 2 1 1 3  11 8 6  10 
30 - 70 % 1 5  20 10 1 3  15 1 6  3.4 13 
80 - 90 % 13 19 8 8 2 3 1 0  19 12 
95 -100 4i 3 4  5 2 4 32 3 7  52 58 4 7  

Percent of  all.  dead. oaks I N - 1 3 8 4 )  by t r u n k  o r i e n t a t i o n  f % )  
Standing 4 3  ti2 5 6 3 3 4 3 3 7 20 3 9 
Leaning 3 4 3 3 0 4 5 5 

F a l l e n  un t h e  qround 51 3 4  4 1 6 4 5 6 5 7 6 1 5 3 
Stumn on lv  3 0 0 0 1 2 14 12 

* ALL = a l l  red oaks ,  whi te  oaks ,  and oaks of unknown s p e c i e s  combined; ROG = 
xed oak group;  WOG = whi te  oak group.  

Percent of bark lost from the main mnk of dead oaks is given in Table 3. Overall, most 
dead oaks in Arkansas and Illinois faad lost relatively little bark (0-20%)- while most d e d  
oaks in Incgiana and Ohio had lost most of their bark (80-104)%). Patterns of percent bark lost 
were generdly sinGlar between red oaks and white oaks (daPa not shown). There was a 
positive co~elatian betw=n percent bark bst md trunk condition category (r2=0.66, P<0.001, 
N=1384 trees). 

Percent of dead oaks in each trunk-orientation category is presented in Table 3. The ARK 
and DIX sixes h d  the highest percentage of dead s&s in the stantding position, whereas most 
were on the ground ar the other five sites. Trees in the leaking categagy accounted for 0-5% 
of the dezd oaks ar any one site. Decayed stumps (with no obvious associated tau&) were 
found only at the Indiana md Ohio sires, suggesting scam prior logging. 
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Figure 1. Percent of dead oaks for each site in vaPions groupings by DBH (cm); N vdues 
given in Table 3. Urnknown oaks are those in m&-cosdition categoq 6 for which sweies 
dekemination was not made. Ih'umbers within each box repmsens the razem DBH for A1 &ad 
red oaks (ROG), all &ad white oaks (WW),  and all dead oaks combin& ~ H B C ~ U & W ~  &ose iat 
trunk cc~n&~on category 6 (ALL). 



The above gazameters were ~arrdyzed after ~ s ~ c t i n g  the &Pa set to only s&s -10 cm DBH 
and again for oaks 220 cm D13l-i. In general, similar &sa-lbutions were obsemed in m n k  
con%diti~~~ categories, percent bark lost, and mnk orienrarion (dava not shown). 

Propoflions, on a basal-mea basis, were cftl~uiated for living oaks in the red oak and white 
oak goups, using data presented i~ Table 2. Similzly, using DBH measurements of the dead 
oaks frcsm the present study (trunk condition categories 1-3 only), basal area af red oaks and 
white oaks were determined for eact site and the proportions calcmilated. Comparisons of 
these two sets of propapaions (Fig. 2), in&cated slightly increased white oak monzafity in 
ARK, slightly increased red oak mogality at Dl% in liilinois, and greatly increased red oak 
mortality at the remaining five sites, especially CSF in Indiana. 

- --- -- - - -  --- - -- - 
% / 

L ~ V E  Rar3 r - 1 L I V E  Woo @%DEAD Roa $17lnJ DEAD WOG 
i 

l o o \  - - - - 
-- - 

- - - -  - - - - - I  

ARK DlX TON CSF HNF EOA WNF 
Figure 2. Proporticm of the live oak basat area that cg>nsisrs of mes  in the red oak group 
(Wm) compmd with those in the white oak goup ( W W )  (as given in Tabie 2), and 
similruly far the psopor,etion of &ad o,& basal ma (from the present study). 

Borer md dl%. aaropuncratimz Infestation Patterns 

Both TLCCB and H .  atropuncrrrm were cammoplly associa~d with tlne dead oaks tat all sites. 
Signs of both pcsr organisms were noted on indjlvidud white, scarlet, blackjack, chesmuf 
nohahem red, post, and black oaks at each site where those mes  were found as listed in Table 
2. Kbr oaks 27 crn DBH in trunk- condition ctitego~es 1-3, for which signs of attack were 
most reliable, incidence sf TLCB and H .  atrcrlpuncfatm attack was lowest in ARK and 
generally higher in Illinois, Hndiaraa, and Ohio (Fig. 3). In general, more dead red oaks had 
been aaacked by 'HLCB and H. LazropUncratUm eompahed with white oaks (Fig. 3). Evidence 
of amck by hot11 TECB md H .  atropunctateurt was found on severdl individud trees, 
e s p i d l y  red (Fig. 3). The number of dead oaks lacking evidence of atwk by eiher 
pest declined from west to east (fig 3). 
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Figure 3. For each site, percent of dead oaks wish evidence of TkCB and H. catropunc5atm 
atrack; based on ortks in ~unk-condition categories 6-3 and all m n k  srienaagions (N values 
given in Table 3). 

DISCUSSION 

Results of this study indicate that (a) oak mortality wcusred at ail study sites, (b) that red 
oaks suffered prsportionnliy greater losses than white oaks at six of' the seven sites, and (c] 
that T1,CB and N. atrupuncratum were commonly asswiated wish dead oaks. Many others 
Rave reported episodes of oak decline iiil the 1980's, especidly after herght  (Law and Gott 
1987, Mistretta et a]. 1981, S~inger  et d. 1388, Tainter eb aH. 1983). In the Ohio Corridor 
Study, histofical weather data f 1900- 1987) indicated similar growing season climate at all 
sites (including incidence and duration of &oughts), &though much year-to-year v ~ a ~ o k n  did 
occur (bucks et al. 1991). 

Other Recent Reports of Oak Decline 

Several local and xgional reports of oak decline have apgexec8 in recent years, and the 
wcurrence of TXZCB and H .  utropuncratm has been mentioned in most; see Kessler (1389) 
and Millers et al. (1989) for m r e  detailed reviews. For example, in hkmsas,  Nsm#a et d. 
(1981) reported widespread oak- mortality following the 1980 dmughL Both red oaks and 
white oaks were affected. Of 215 dead oaks examined, H. atgQpanctatm was evident on 
49% of the red oaks and 32% of the white oaks: 'HZCB was not specificdly recorded. Of 
215 living oaks examined, only 3 had obvious W. utropurrctatm swomata. 

Xm Missouri, seven: oak moizality was recorded by Law md Gan (3987) after the hugf i t s  of 
1980 and 1983. Red oaks suffered the greatest mortdity, especially scarlet and black oaks. 
'FECB and M. uzroptsncralanarn were commonly observed on h e  dead oaks but not quan~fid. 



In addition, Pallardy et a%. (1988) have zepamd increased red 0a.k momlity in cen~a81 
Missouri during the pehicad 1968-1982. 

In Kenrmcky, Smnger et al. (1989) reported widespread oak mowaliey associated with 
Bronghts. Again, red oaks suffered the greatest mcaaality, mostly scarlet and black oak. 
Moaality was greatest on xeric sires, on mid- and upper s!opes. Tg2.CB was found oil 100% 
of the dead and dying oaks inspected; I!. unmopunctLefunz was not recorded. 

Tainter et al. (1983) reported increased oak monality in South Carolina afoes the 1978 and 
1980 droughts. Red oaks were the most commonly affected. Hypo.~lon atropi4Pzct"Utwz was 
evident on practically 311 dead o&s arrd on several kclining bur still living oaks as well. 

In a southwide study by Starkey and Oak (1"389), oak mortality was assackself with sites 
characterized by shdiow rocky soils, upper slopes, and a predominance of red oak species, 
espcially black and scarlet oak. Red oaks suffered more mortaliv t h a ~ ~  white oaks; TLCB 
and H .  atroprrtzctatum were commonly observed on dead oaks but not quantified. 

Incicfence of TFLCB and PI.  ntropuncllltm 

7feCIB and H .  arropunctatlm were cotnmonly asscxiated with dead oaks in our study. TLCB 
has been dwumented as a principai n~oreaiity agenlt of stressed oaks, especially those affected 
by drought and defoliation (Cote asad Alien 1980, Dasnbw and Stepl~ens 1976, Dunn et al. 
1986, Elaack and Benjamin 1982). In contrast, the role of W .  afropunctatrm is less clear. 
Allthough H. auopunctatklnz fruiting bodies (stromata) me csmmnly found on recently dead 
oaks (Karasevicz et al. 1084, Lewis 198 1, Thonapsoar 1963, Van Arsdef 1972), they are rare 
m hedthy-apepperuing or declining aaks. Except fkph 'I'lzompsod ('8963), most pathologists 
consider H .  utroprarremabm only a weak parasite, and prim&ly a secondxy invader (Bassett 
and k n n  1984). 

Detailed work on the ecology of H. atropurectutm was conducted in Arkansas by Bassett and 
Fen8 (1984). They isolated M. atp-ctguncragn from branches of 57% and mnks of 2 1% of 
300 healthy-appedng a&$, Indicating than this fungus is well- positioned to colonize quickly. 
Mozover, isolation frequencies were similar between healthy-appe~ng red oaks and white 
oaks. After girdling of 196 heallhy aaks, M. atpopunctsatm developed within 5 months on 
77% of the red. oaks and 78% of the white oaks. 

In our study, severd dead aaks had no obvious signs of TLCB or M. abpopunctatum attack, 
e s ~ i d l y  many white oaks (Eg. 3). Some dead o&s were. wind-blown, and a few others had 
been smck by lightning; such oaks would not be attractive to 'kECB adults unless the trees 
we= dmaged cbse to or dwhg the du l t  flight season. We did not examine root systems of 
the dead oaks, so we do not know the extent of coloalization by ArmiEfaria spp., another 
iimponar~t complex of weak parasites that: attack stressed trees. Armillaria often amcks rmt 
systems esncar~enrly with TLCS (Wiugo 1977)- Moreover, we do not know what pontion of 



the observed mosla'liiy was the result of suppression or compefitian. For exmple, the high 
rnumbess of small-diameter dead oaks in Arkmuasas (Fig. I), may reflect nAe lowee mdian age 
of that site (Table I), and that active "self-thinning" was mcurring, 

seater Susceprjhifity s f  Red Oaks 

Higher mortality rates of red oaks versus white oaks can be paniallhy expitlined in terns of 
differences in xylem mnslocarion. That is, ccbraducaion in the red oak gmup mcrass p~masily 
in the outennost annud ring, while conducfion in white oaks wcues in the outer two to r h m  
mnuaP rings (H(;ozIowski. and Wingee 1963, Kramer and Kozlowski 1979). AS a result, red 
oaks are more silscegtibPe to the girdling acdon of feeding borer larvae, because only the 
outer growth ring needs to be severed to effectively girdle and kill a brarach or rht: entire txe. 
Repeated annual attacks may be necessary to kill part or dl of a white oak. 

bucks et d. (1991) presented another theory to explain the greater mo&Iity of red oaks, 
which is based on the apparent greater sensitivity of red oaks vs. white oaks to ozone (Reich 
et d. 1986, bucks et ale 1991). Given the high ozone levels In the Ohio River Valley 
(kfohn and Pinkerton 1988), this theory suggests that dudng periods of &ought sass ,  it is 
the ozone- sensitive r d  oaks that suceomb first to pest attack. 

Pollutant Effects on Plant-Pest f nteractions 

Air pollufiorn stress is kr~owra to induce a diverse may of biwhemicd, mosphdogicJ, and 
physiobgcaf changes in trees (KozlowsG and Consrm~nidou 1986). The possibiIity that 
these changes could alter plant-pest interacdons has been a topic sf several reviews (AXstad er 
81. 1982, Baltensweiler 15285, Fuhrer f 985, Haiw 11987, Eleagle 1973, Hughes and Lau~ence 
1984, Mununen 1984, kchowicz 1987, Mastson and Witer 1990). Moreover, several studies 
have shown increased insect gopula~ons with increased dose of various aerial pollutmts 
(Bolshger md FBuckiger 1987, Cobb et al. 1968, Dohmen 1988, Hughes and Volmd 1988, 
Neuvonen and Lindgren 1987, Spencer et al. 1988, Stinner zt d. 1988, Tmmble el. al. 1987). 

Although TLCB is a common mortality agent of oaks stressed by &ought and defoliafion, 
there are no published reports of it attacking oaks stressed by pollutants or acidic deposirisn. 
Similarly, there rrre no reports lilnking N. on-oplmctaaum attack to pslludon stress. Om smdy, 
with only seven sites, was not robust enough to link pest attack to acidic &position, or to my 
other polluant. However, it is plausible that pollutants could s&ess oaks sufficiently to 
increase me susceptibi8iv to TLCB attack, especially during perids of &ought. 
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