












































































































































































International Oaks 

Health of Oak Forests ... 

contd. from pg. 85 

lustrate unhealthy conditions under this crite­
rion. 

Sudden and extreme may not be appropriate 
adJeCtives to dcscnbc the changes tak­
ing place today m Southern Appalachian oak for­
ests, but there is no doubt that oaks are decreasing 
m abundance and m oak decline-affected 
areas and that this disease is having landscape­
scale effects. The prevruling low disturbance re­
gime 1s not pcrmlltmg the replacement of dying 
oaks m many areas. Instead. oaks are bemg re­
placed by shade-tolerant mid-story spec1es such 
as n.'d maple, black gum. and c;oumoocl. With over 
half of upland oak forests vulnerable m tlus area. 
It IS also apparent that oak declme represents a 
s1gmficant continumg forest health 1ssue. Whether 
one the reference cond1uon to be the 
historic chestnut-oak-h1ckory forest.. or the present 
mixed oak-h1ckory forest. the combination of 
chestnut blight, widespread oak decline. and in­
complete oak replacement have resulted m new 
tree spec 1es m1xturcs that are less desirable to many 
wildlife spec1es. Like the ponderosa pine illustra­
uon. changes m forest composiuon and tructure 
are occurnng O\er large landscapes that will be 
tcchn1call} difficult.. expensi\ e. and socially un­
attractive to reverse. It IS difficult to argue that 
Southern Appalachian oak forests are health} 
under this cntenon. 

3. Functional eqwlihrium bell• een .mpp(l 
and demand of e11entiul re.10urce.1: The pat­
tern of oak dedmc occurrence on outhem Ap­
palachian landscapes ts normall} ranges from 
small groups of to areas a few hectares in 
st.tc. Under these condtttons. the functional 
equiltbnum bet\\een supply and demand of 
water. nutrient>, light, and growing space is 
maintained. There are \\here outbreaks 
of defoliators uch as the gyp)} moth are a sig-

nt ficant mcttmg factor in severe oak decl me 
over large landscapes. The lack of co-evolved 
parasites and predators in North America makes 
for outbreaks that arc prolonged and severe 
when compared with native defoliators. Thou­
sands of hectares of s.:ver.: oak decline mortal­
ny occurred dunng gypsy moth outbreaks the 
mid-1980's in northern Virgmia national for­
ests (Starkey and others 1995) that may have 
disturbed "ater relations, nutnent cycling, and 
ltght and growing space for destrable tree re­
producuon. However. outhem Appalachtan 
forests o"erall are probably healthy under thts 
cntenon. 

4. of serul staKes and stand stmc­
ture.\. Oak decline has always been part of the 
landscape, but tt ts unlikely that such a large 
proportion has ever been \Uinerable simulta­
neously. The high proportton of forest area af­
fected by or vulnerable to oak decline illustrates 
the relative homogeneity of Southern Appala­
chian oak foresb and pomts to a lack of young, 
regeneratmg oak stands and oak stands with 
more compte" age structures. Whtle younger 
aged stands ex1st. oaks are not as heavily rep­

The current trend in silvtculture of 
upland oak is towards stands \Hth more 
comple'< age structure, but maunairung an oak 
component requires dtrect attention and action. 
Southern Appalachian oak forests are probably 
unhealthy under this criterion. 

urn ma r) 
Southern Appalachtan oak forests ecosys­

tems are Judged relauvcly unhcalth} b} three 
of four criteria set forth by Kolb and others 
( 1994 ). This is due primar1ly to fundamental 
changes m forest composition and structure 
since the Introduction of chestnut blight and the 
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unprecedented place oak.s ha\ e assumed in these 
disturbed fore~t landscape~. Cohorts of oak that 
replaced che~tnut o'er large areas tn the region 
are no'>' reaching phy,iologic maturity and are 
subJect to the srre,s-medlated disease kno\\ n 
as oak decl10e. Forest cover will conunue to 
pers1st. but as oab declme and die. most!) non­
oak species ''ill exploit the ne'>' ly a\ailable 
space resultmg m a nc'' forest -w 1th a smaller 
and less diverse oak component. Among the 
forces gu1d10g the de,clopmcnt of this new for­
est are lire suppression and social value~ that 
resist intentional fore't dbturbances prov1dmg 
for cond1uons su1table for oak self-replacement. 
Oaks w1ll conunue to be represented in the ne'' 
forest. -which w iII be less suscepuble to oak de­
c! me. but some social \alues met by oak for­
ests (e.g. some \\ddllfe habitat components. 
economic \alue of umber) ''ill be compromised. 
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Diagnosing Sudden Death 
of Oaks in California: 

A Historical Overview 

by Pavel Svihra 
UC Cooperative Extension 

Novato, California, USA 

"The death of a \mall tu·ig ma~· be an imigniflcuf/1 e l'(:/11, or it 1110.1' he the fint 
1ign of u [uta/ diseru( .. (Strollfj and Wimer, 199·JJ. 

I ~olauon and identification of an unkno11 n pathogen in urban 
forest trees is not only a professtonal. but also an tntellectual. 
challenge Whether planted or preser\ed from the preext~ting tlora, ur­

ban trees commonly undergo phystcal. chemical. btologtcal. and em iron­
mental stresses that produce intense stram and may confound early identifi­
cation of underlying pathogens 11hen a disease becomes C\tdent. This article 
describes the ctTort to diagnose a ne\\ oak disease that I\ US tirst noticed on a 
few trees m Mtll Valle), Marin County. Caltlomia. but has nm1 become a 
widespread eptdemtc. 

Progre~sion of the Disea e 
In Apnl 1995, an unusual dieback of tanbark oak (also kmmn as tanoak). 

L11/ux·urpu1 de111[(1oru1. 11as first noticed by homco\\ncrs 10 Mill \alley. 
The Um1ersit) ofCaltfomta Cooperati1e Extension otTice in Mann Count) 
rccehed a call to 101 c tigate more than a dozen dead trees along a creek near 
n:,tdcnces adjacent to the urban-forest interface (the area 11 here '' ild lands 
and urban areas meet). Along the valley beneath a canopy of large redwoods. 
tanbark oaks of 1 anous size displayed bro\\ n foliage. Beneath the bark in 
the root CtOI\ n area of the largest tanbark oak'' ere mah and strand~ of"sho.:­
stnng " 11 hich are t) pica I of the (lak root fungus. Armillaria m.:llt!u . Tan­
bark oah arc usually tolerant of thb pathogen and can 11 tthstand some 
drought. II011e1er. prolonged drought from 1990 to 1992, toiiOI\eJ by \Cry 

1\ et ) ears 10 1993 to 19~-1. may have reduced the \ tgor of tanbark oab to 
such an extent that A. mellt!a \\ a.s able to infect and ktll thcm. 
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In June 1996the \1111 Valley Supcnntendent 
of Parks requested rcc:\amiOation of the dying 
tanbark oaks. It 11a' shnckinp to see the e\tent 
of dying and dead tree,. not nnl)- along the 
creek, but also on the slope and a lung the cre't 
of a hill. Dr sea~.: S)'mptom~ could no longer be 
annbut.:d to A melle 1 ">orne trees had I\ Jhl.-d 
ne11 .,hoots ( f 1g. I), '>IJ.~t!esung o • .:..:Iu,Jon of the 
1ascular ')'tern. The current-year fohage of 
other tree-, had turned :yeJIOI\ -green and ne11 
'hoot., drooped. '' h1ch i~ typ1cal of tree" '' 1th 
root d1 case. 'I rees 12 to :!0 me he, m diameter 
11 ere dead and had bleeding canl..e~ and hea\) 
infestall(>ns of umllrosia beetle,, indicated by 
p1lt:' of line 11 h1te-to-tan sa11du't on the l<mer 
trunks (I ig. 2a & b). Dead tree ... al o had char­
coal-blacl.. sphcnc-.JI fungal fruumg bodies on 
bark surfaces. W rth the cooperauon of' a num· 

ber of arbomt,, hurticuhurisb. and 
pathologht'. inten,11e samphng of 
alfl."Ctcd tn.-e' 11 a' conducted 10 June. 
August. and C.ktober 1996. Sample~ 
ofdi-.colored ti"ues and 11ihcd til 1gs 
11ere sent to Lm1e~il)' ofCahlor­
ma and State labonnori". Most 
reports fouled to 1den11fy a prob­
able cau'e of the problem. 

')uned to a 11 ide 1 ariety 
of 'oil,. healthy tanbark oaks gro11 
to great site in coastal reg1ons from 
southern Oregon to Santa Barbara. 
Califorma. They reproduce natu­
mlly, but fe11 attain a large site in 
commercial lore,b. 11 here tan hark 
oak' arc Cllnsidered 11 eed 'J'l<."Cies and 
are often k1lled 11 ith herb1c1des. 
The lca1esoftanbark oaks arc Simi­
lar tO those of the !:hC~lnUt. C UIIU· 

neu den/Uta. r:IOI\ er' appear in 
\llay-Jum:. producing a spectacular 
display of creamy-~ ell011 blossoms. 
TI1e fruit takes the li>nn of an acorn 
sim1lar to that of true oah ( Quenm 
spp.). The que,tion arose "Could 
the mysterious du:hack and death 
be the dreadfu l chestnu t blight 

caused by Cryphonectria parmit1ca. or perhaps 
oak 11ilt caused by Ceraton llil}il.!{clcearum'?" 
Ho11e1er. ne1ther fungus 11as detected 10 labo­
ratory tests. 

In \1ay 1997. the fiN coast li1e oaks. 
Quer<111 agn(olw. began to d•c in \1ann Count) 
gardens. The timing and geographical location 
ofthb diel>ack ra1 ed the po,sibilny of a causal 
link to the tanbark oak malady. The most no­
ticeable symptom of the h1e oak dJsl."3Se 11 as 
heal'} attack by ambro~•a beetle' near the tree 
base. It also 11 as ICI) clear that each tree that 
had died 11as under tre"lul en1ironmenU1I con­
ditions. such a' 1mproper 1mgatiun. land~;cape 
changes. and '>011 compa~:tmn. The more coast 

contd. on pg. 90 

Proceedings I December 2001 Page 89 



International Oaks 

Sudden Death of Oaks ... 

contd. from pg. 89 

live oaks that \\ere e'amincd. the more strik­
ing \~as the similanty of the1r symptoms to 
those of dying tanbarl. oak!;, especially the pre~­
cncc of heavy mtestations by oak bark beetles 
and ambro~m beetles and gro\v th of a charcoal­
colored hemH.phenc fungus on the bark. There 
were also. however, dJ!Tercnce" m symptoms 
Some young tan hark oaks died in the 'icinity 
of mature, dead tanbark oaks '' uhout notice­
abk bleeding or beetle attack!;. but young coa.~t 
li\e oaks \vcre not being l.illed. A '1scous ooze 
near the base of the tanbark oak trees appeared 
as large pate he" '' hereas only scattered drop­
lets of tafT) oo,rc were found on coast li\e oak 
trees (f·ig-1 a & hi. 

In June 1997 two adjacent tanbark oaks that 
were 6 inches m d1ameter and sho\ved initial 

ambrosia beetle attacks 111 MIll Valley "ere e'l.­
amint!d . Tht! tir..t tree had d1t!d dun ng the pre­
VIOUs winter; the second had yello'v foliage w ith 
typical '' i lted shooh. Both trees were uprooted 
\vith a backhoe. Samples of necrotic or discol­
ored roots, inner bark. and camb1um t1ssues 
under the patches of ooze, and branches and 
shooh that show cd discoloratiOn. streaks, or 
stammg "ere colleded. Eight tissue samples of 
different symptomatic areas from each tree 
were sent to Umvcr..lly of California and State 
laboratoncs. !ltrec fungi. Duldinia concentrica. 
Hypoxylcm rlunwn wnum. and Dtplodia 
qucrnna. and one bactenum. P~euodomona.s 
rolamii. \vt:re idt!ntilit!d. '\unt! of these organ­
ISms \\35 cons1dcred the pnmary agent of Lhe 
Lree mortality. 

Figure 1a. Tit<• 11 hii< .. I<Hutl llnnh<ll pro­
Jun•tl h1 umhm\1<1 ht!et[e, " vi.Hble on the 
lo11er 1/cm for H'H•ral week.\ or month\ 
while r,·Jd"h pclpnko-ltke 1<11rc/mt pm­
duced hr tl<t k hark hectic.\ /a.\1.1 on/1 · u fi"~• 
clur> 
Fi ~:u rc lb (l n ~et ). The oak amhroJiu 
bectln <>!K ~,11/eric' puturatc cleep imo 
1/tc Wf'\\lJOd 

photos by author 
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fil!ll re 3a (rigbl) 'ittcl.a ltquul has 
cceped out "nJ dru:d an. I •nwfl t:Lll· 

ten·d tarry globule, ''f'f'<'Or on th< 
burk oj the to .. er tcm o; mmt lm 
ru4 

photos by CIUThor 

Also Ill June 1997. a large d}mg li\ e oak 
tha t was hea\ II} infested by ambrosia beetles 
and showed e:-.tens1vc bleedmg (scattered glob­
ules) near the base of the stem was c-..amincd. 
Its roots. beginn ing at the root crov. n. were 
traced out to O\er three feel. The) ' ' l!re yel­
lo" and from them emanated a pungent 'in­
egaf}-to-alcoholic odor Root samples for iso­
lations. dcli,ered to the plant pathology labo­
ratorie~ at UC Berkele> and Da' is re\ealed no 
plant pathogen<,. 

In June 1997. bectle-infe,ted trunk ~ections 
\\ere remo' ed from both tanbark oaks and coast 
li\1! oab and placed m "eparate reanng cham­
bers to collect emergmg beetks. In September. 
samples" c:ro! colic.: ted fwm both oak species. 
The Cahfom1a Department ~lf rood and Agri­
culture laboratof} 1dcnufied three <pecies of 
beetles. \lonurthmm ICIIft'llare • . \f denfl{!t'r. 
and r~eudoptl) ophthor/1.\ pubipcnni.l . 

B> the fall and v. inter of 1997 man) trees 

had died, and the .~1ann Count) 1.-C Coopcra­
ti,·e E:\tcnsion oftice wa~ receivmg numerous 
telephone calls from concerned homem, ners 
and professionals. 

Disease C h a ract e r iza ti on an d Control 
Bccau<;e no causal pathogen could be Impli­

cated m the dieback. '' h1ch continued toe\­
pand. a comrol strategy \\as formulated m the 
spring of 199R. It 'eemed probable that drought 
follo,,cd b) exc'-""'I'C rams had cau,cd stress in 
the aflccted trees. rcsuhmg m the bu1ldup of 
bark beetle and ambrosia bt..>ctle populations to 
an epidem1c stage in d) mg tanbark oak ... It \\as 
thought that the ne\\ beetle generations not 
only attacked tanbark oaks, hut abo sh1ftcd 
their attacks to coast h\ e oak~. A pro!! ram of 
pre,enti\e msect1c1dal \pra:y ... combined v. ith 
tree 

contd. on pg. 92 
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Sudden Death of Oaks . . . 

contd. f rom pg . 91 

health care (irngation. cleaning of root crown 
area~. pruning. tenilitation). was imtiated. Th1s 
control strategy \\US communicated to arborists 
through regional and local meetings and work­
shops. 

In June 1998, soon after the treatment pro­
gram had begun, two major observations were 
made.!· (a) a substantial incn:ase in dead coast 
li\e oab from M1ll Valley to ovato. and (b) 
dcath of two black oaks. Quercm kelloggii. 111 

O\ ato. The symptoms on the black oab were 
almost identical to those on dying tan bar!.. oaks 
and coast lh c oalo.s. 

Homl!owners \\l!re deh\cring hundreds of 
symptomatic \\ood and branch samplc.!S to the 
t.:C Cooperatl \ e F:~.tcnsion office in 1\ovato. 
The problem became more compte:~. and had 
the potential to cau~e great I!Conom1c and emo­
tional concern. 

The word •·epidemic'" began to be used 
widely and the med1a were mformed about the 
problem. Howe\er. there \\as little agreement 
on the dctiniuon or diagnosis of the.! problcm 
because Ill!\\ mconsistendes continued to 
emerge. ror example. bark hL-etle and ambro­
sia beetle infestations were considered the pri­
mary cause of death ot mature coast h\e oak 
and black oak. but only because these tree~ 
\\ere predisposed by em ironmental stresses. 
IIO\\ e\ cr. the dt:ath of\ ery young tanbark oaks 
that had no 001e on their trunks and \\ere not 
attacked by beetles seemed to contradict the 
in,ohemem ofin~ects a!. the primary cause. It 
appeared that an unkncmn pathogen wa~ tra\­
eling from mature dead trees to kill these young 
trees. 

In the \\llltc.!r of 1999, El :-<ino's ''icked sis­
ter La Nu'la was 111 n:trcat, but the number of 
dying tn:.:s conunued to rise. ,\ homeO\\ner on 

'vlountain V1cw Avenue in 'ian Rafad countcd 
316 dead trees. and asked bluntly. "What are 
we going to doT At the same lime. an opinion 
circuiHtcd that the oak d1el'>ack wus a tempo­
rary phenomenon (a "natural cycle") related to 
climatic c\trem.:~. In June 1999 the California 
Forest Pest Council mt:t to assess the mass I\ e 
dcath of oaks. Cooperating plant pathologist~ 

uproot.:d a <>ymptumatic tanbark oak tree and 
collected 'amplc~ or twig. ... , barf..: and rooh. 1\o 
plant pathogen' were reco\ ered. Three .. Pest 
A/em"' ('S\Ihrn, 1999. 1999a and J999b) were 
printed. One was titled '"Sudden Death of 
Tanoak.'"and the name to dl!,cribe the syndrome 
became '"sudden oak death." Plant pathologistS 
protestcd such a terminological ··inaccuracy"'. 
\\bile the media cml'>mccd not onh the dcscnp­
ti\e name, but also it~ acronym. ··soD." The 
Marin County Cooperative lhtcnsion otlice 
continued to be flooded with 'am pies and re­
quests for "Pl.'.\ I Alert\"( 15.000 \\ere dls~cmi­
nated to prof"cssionals and homcow ncrs). 

In thc meantime. ambrosia beetles expanded 
high-density a ttacks from tree basl!s to thc 
middle and high ponions of",tems ofd} ing cmbt 
live oalo.s. Becausc of tht: .:pidcmic. \\t: had to 
act. I"he most etl.:o.:ti\ e '' ay to dra\\ attention 
to this emergenq ''as by encouragmg con­
cerned citi.tcns to contact ne\\Spapers and 
county supcf\ bors. \\'hcn tan oaks and coast h\e 
oaks \\Crt: dymg as far south as B.~ Sur in 
:'\1onterey Count} • 11 \\a~ clear that the prob­
lem was no longer ··tcx:al. ·· 

E\ entuall} ~1arin County Supcn isors real­
iLed that the ~'Conom1c and ecological impacts 
of the dead trees. a~ ''ell as the lire hazards 
as~odatl!d '' 1th them. ad hel!n greatly und~:re,­
timatcd. In January 2000 they appropriated 
S5.000 to enable UC Cooperauve htension in 
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photos by outhor 
Figure 4. Cullm~ 1111tkr the blacl ''tarn· ~lohulc>" of 
co<J<t lfl't' nal..; rm't'.1/1 f'<llche~ of Jeud nr Jymg Jnnt.'r 

hurk. nu• ll<'li Pin tophthorll jungus '"" found 111 Ill· 

.we• '""" mg ,,,rgm /me., 

control c!Torts. Plant pathologist-. and en­
tomologJ-.h su-.pected that a still umdent•­
fied pathogen ''as the cau-.e of the problem. 
Dt:spite the elusl\ c nature of the problem 
and the method or 'pread from mli!ct.:d to 
health~ tree-.. pmfes-.wnal clientele and the 
public needed gUidance. Information ofTcred 
focu..ed on msect comrol and Jmplementa­
llon of plant health care (Palko\ sky and 
s, 1hra. 2000). Through the spnng and sum­
mer of 2000 more than 30 local and re­
gional workshops were conducted to help 
arbomts. hort1cultunsts. landscape contrac­
tors. and homeO\\ no:rs combat sudden oak 
death. The professional commumty and the 
public \ ie\\ ed a ne'' ly prepared 
.. HomCO\\ner·s Gu1de" fa,orably. and 6.000 
cop1es \\Cre diStributed. The !!Uide's 1mpact 
on the med1a "as enormous. Sudden oak 
death \\a~ featured on maJor national T\ 
net\\ orb and on the front pages of the \1arin 
Independent Journal. '\c\\ York Times. Los 
Angeles Times. USA Toda}. Chicago Tri­
bune. San f'ranc1sco C hroniclc. and numer­
ous ro:g10nal and local nC\\ spapcrs through­
out the state and nation. 
l·inally a scientific breakthrough came. Uni­
versity of Calltom1a Assistant Professor of 

Mann ( ounty to appoint a Ta~k I orce to ad­
dress <;OD m the county. Under the leaden.hip 
or l C Cooperative l~'l.tcn~ion and the Marin 
County <;,upcr. isor-., the Task Force \\as stafTed 
\\ 1th prok'''tmab as ''ell as mcmbc!rs of the 
pubhc. The \1ann Commumty foundauon al­
located '\20.000 to support a Pubhc Relations 
Coordmator to establish mccham-;ms for d•­
ret.1 profes tunal puhlic med1a communication 
of consi .. tcnl and crcdihlc mel>S:Jges Sudden oak 
death ''a~ put on slate and national maps. t:\en 
though the cau e ''as not kno'' n The Task 
Force also cmphasJJ'Cd the importance of re­
search m pro' 1dmg mformallon to mount a 
umel) re,pon c to the ernergmg and -.till une'l.­
plamed d1'ea'e. Both the l nl\t:rsll) of Cali­
fornia and GsDA rorc .. t O.,.:r. 1cc led an acceler­
ated R-..can:h program to Uld~ sudden oak death 

Plant Pathology. Da' 1d Riao. sampled mfected 
coastli' e oaks 111 Chma Camp Park. San Rafael. 
and on the -.arne day returned to h1s laboratory 
to make Isolations from the tissue 
samples. As it turned out. thl'- rap1d proccssmg 
of tissue sample' "as essential for reco\ cry of 
a ne\\ and pre' wusly unamed spcc1cs of 
Phytopluhoru Pre\ ious sarnpl.:s (\\llh a wne 
of necrotic 11-sUt! and dark resinous lines I that 
had bc!cn mailed or e\ en hand-deh\ ercd had 
not TC\ caled the eau c of the problem ( F 1g. 4 ). 
Once thb nc\\ Pin tophthuru "as i~lated from 
sample us..ue 11 1:1..--com.: clear that this patho­
gen\\ a. .. an underlying cau-,c ufsudd.:n oak death 
( \1cPherson et al.. 2000), The species of 
Ph11ophtlmm 1s still unkno\\ n. but seems to be! 

contd . on pg. 94 
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of Phytophthora IS sull unknown, but seems to 
be related to Phrrophthura latera/is, the cause 
of a deadly root d1seru.e of Port-Orford cedar, 
Chamaec111Urt.l llllnoniana (David M. Rizzo 
and Maueo Garbelotto, personal communica­
tions). No11 11e know that th•s ne11 disease has 
a broad host range and seems to have an ex­
tremely adapu1e b10logy. The oak infections 
probably occur from the spores that are cop•­
ow.l> produced on the leave~ of alternate hosts. 
such as Califorma laurel. Umbellularia 
califomica. and madrone. Arb1t111.1 men=iesti. 

Conclus ions 
\t pre~ent no control method is a\ ailable that 

Y.JIJ a her the underlymg d1sea e process for th1s 
neY. ·· OD" Ph1tophrhora. Expansion of re­
search 11 •II be crucml lor idenllf) ing the incit­
mg spec1es of Phl'ruphrlwra and pro1 1ding in­
rormatJon needed to develop diagnostic 
(~ampling) procedure~ and treatment. The po­
tcntilll for fungicides, other management prac­
tices. and 1100d disposal to mitigate the impact 
of the d1sease is current!) under mvestigatJOn. 
In l'llm :.tudics ha1e demonstrated that some 
fungicides have p<ltcntial for ~1011 ing down or 
pre1cntmg dc1clopmcnt of the underlying dis­
ease. Th1s tlndmg needl> to be confirmed in the 
tield (om pounding the Ex ten, ion Ad1isor's 
plight is general disagreement among re,carch­
er:. a' to ho11 to treat the magnificent oaks m­
fccted '' nh this ne11 Phytophthora fungus. 
g11en that \CI) le\1 \ICII designed studiel> ha1e 
been completcd. Is it not a famd1ar story, pll­
ung rc":archcrs 111 ho mul>t fa1or long term stud­
io: ) agam>l ,\d\ 1sors (\\ ho pro1 ide time f) prac­
tical ad1 1ce \\ llh the1r reputallons on the line). 

impatient homeo11 ner. and poilucians (who 
favor short-term soluuons)'? 
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From a Tiny S eed: Reforestation 
Efforts in Turkey 

by Nihat Gokyigit 
Co-Founder and Deputy Chairman 

TEMA 

Beloll' are comment\ hr \ihat Gokyigll pre.1ented ut the Conference ahout an alma.\t tmhe­
ltembh amh11um1 projea to plant 10 btllwn acorn\ 111 Turker. Th01e of 111 that heard hi• adclre11 
were .\0 tmprc~~ed that 11 e ll'allted to 1hare it 1111h the general memhenlup. w heln11 1.1 th(• text 
of .\ ihat '1 prelc:/1/atton £tillar 

D<!ar Conference Participant:.. 
Mr Kraca and I reprc~ent here today the TE:'viA Foundauon ofTurke}. 11 hich 

is ded1cated to pre,en ing the natural en-.ironmenL By 11ay of brief introduc­
tion. Turke:,: IS a country of65 million people 11 1th a land area about t11o-third~ 
the size ofTe'\ru.. It is surrounded by water on 3 sides. lb land includt.'l> fore>b. 
mountam~. plams. beautiful coastal an."lb. ri1ers and lakes. 

llo11e1er. about SO" o of it b subject to soil e~ion and each )ear 1.4 b1llion tons 
of topsoil are displaced bL'Cause of e~ion. and 550 million tons of IllS to~ running 
mto lakes. n:'!<."rrOI~ and the seas. As a resulL Turkey':. agricultural production has 
bL-en falling and the number of li1estock has ba.'!l reduced. lmpo1crished small 
!anne~ flock to the Cities. formmg ~hancy commun111cs around them and thcreb:,: 
causmg immense ~1oeconomic problems. 

As anY" here else m tl1e 11 orld. much of the 'iOil ero>1on in Turkey is the result of 
o1er population and human ac111ities: agricultural malpractice. con1e~ion of forest 
land mto cropland. lore.t lire>. deforestation mrough illegal timbering and overgnv­
mg. !·aced 11ith these Olcmhelming cm1ronmental problem~. 11e c,tabli'>ht.-d me 
n : I\1A r·oundation 8 years ago. TE\IIA IS the acronym for Turki~h foundation lor 
combating soil er<»ion. fbr reforestation and me protecuon of natural habitat. I rcal­
iL.: that tl1c ll!'-1 of our name 1s a moumful. but our goal~ arc a<. amhnious. 

To pm\1<k }()U \\ 1th a hroad 01er1ie~\ ofTE'\1A. 11c arc today Turkt.") \ llbt.."'t 
gro11ing and l:uge:.t 'on-Go\ernm~tal Orgaruzation (!\GO). '"m alread} mer 
I 00.000 members. 5RO regional managers. and around 1 00 ~1enUSb and legal ad1 1-

-.or. v.ho pro1ide thc1r ume and C'\perti!;e \Oluntarily for free. TEM.\ as abo orga­
nLA-d in EuroJX: 11 has 2500 members there. 'iOme of \lhich arc in the l.uropean 
ParliamenL 

There are ~e1eral ongoing acti1i11es ofTE!\.1.\. rangmg from the simple 
conunued empha is on education and publac a11areness. 10 more ambiuou_, ones 
like rural dc1clopmem and lob b) ing for the re1 b1on ofla1\ ~that arc "untnendl) ·· 
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10 lhc em 1ronmcnt. Anolhcr one of our coura­
gcow. prO~!Tams IS rclat. . .'d Ill oaks. In antiqmt}. 
Anatoha. lhc original name filr modem Turkey, 
"'as "a sea of oak foresL~". Today 1herc arc 18 
local species of oak in Turkc), each adapted to 
the clunatie and soil condi1ions of different re­
gions. 

In order 10 aile' iatc the pressure on natural 
lor~ll> and ru.s1~t m ero~ion control. 2 years ago 
11e imtiatcd a 25-ycarcampaign. in collaboration 
\\llh lhe mmistry of li.l~tl'), to S0\1 10 billion 
acorns mto 1he SOil. O.:ar panic1pan&-. you did 
not hear me \Hong' Our proJect a1m~ for "10 
billion acorns to m<!t!tlhc ground". The first acorns 
11ere put mto lhe ground by our pn..,idem m late 
October I '>9X m lhe gardens of h1s ollicml 1\.'SI­

dencc. 
This 25-)'ear program is esumatcd to: 
-. co1cr about 1 million hectare!> and 
-. cost about I.R bllhon dollars 
Where do "'c stand so lil.r'? In 19<l8 11e sowed 

about 200 milhon acorns. In 1999. due to the 
earthquake disaster. lhis number reached only 
130 million. In 2000, 11e estimate about 350 
million acorns 11 ill be s011n. This is indeed a 
~<ery .tmhiuous program 11 hen )'OU consider that 
II will be primarily lhe undertaking of an :'\GO. 

llo\ICI cr. 1n order to cal'l')· out the project. 
TE~1t\ also rccru1ts many olher cooperators. 
Besides lhe general public. TE~1 \ ha!. rccei1ed 
~istance from the prh ate '><-"'CIOr. some 25 lo­
cal goH•mors. armed lbrces. unil ersities. cler­
gymen, and JX."'ple from all \1 alb of life. What 
is most ~'J'lllll}ing is the suppon \\e gel from 
youngsters, espec1all~ 'chool children. 

The prOJ<.'Ct ha anr.1eted "orld" ide mteresL 
as rc:lorestation attcmpll> of such grand scale arc 
rare. Wc arc com meed lhat it is a \Cry timely 
measure at a time 1\ hen lhc \1 orld IS lhreatcned 
more than C\er b) carllon emissions. In fact. 

F'll!"re I (top). n \(I 'ku-k' t!f{'tht lwnr PniJCCI\IIth 
" C('T("tiNIII} ,mcr•l.."ii bl tl"f''."11.1111 dtgtltlanes 
r~Url' 2 (bottOm~ ltJ!UntCLT'i dFt•hdpmgiOp/<UrltJCOt71.< 

rluvughow the cmmtn: photos by autnor 

thc EU Con11mss10n~r in Turkey ha.' strongly 
endoi"Cd lhc prOJCCI. 

In cJo,mg. 1\e are plca~ed to ha1e had th~s 
opponumt) to mform you, dcar pan.c1pants. 
of this ongoing pTllJCCI of our>. \\'c would be 
grateful to hear fwm )OU ot any and all sugge~­
tions. ass1stancc. be 11 on ad\ ismg or fiscal 
manner lor the promotion, or furthermcnt and 
rcalintion ot our projcct. \\e have brought 
along some leallcts. "h1ch arc a1 a1lablc lor 
)our rc\ICII In anucipallon of)our ~uppon. I 
thank lor )OUr kind auenuon and "'j,,h l(llca\e 
)OU a suggcsuon: plea'l! cons1dcr holdmg one 
future conferencc 11l Turkey \1 here TEMA 
\1 11uld bt; ddl!_!htcd to assbt 
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Prescribed Fire and 
Oak Regeneration 

b:)' D. H. \ 'an Lear, Bo\\-en Profes or of Forestry, Clem on Unh cr it) 
Clemson, outh Carolina, U A 

P. H. Brose, Research Forester. USDA Forest ervicc 
Warren, Pennsylvania, USA 

and 

P. D. Keyser, \Vildlife Biologist, \\-estvaco Corporation 
Rupert,West Virginia, U A 

E
xclusion of periodic surface fires from mixed hard\\ood stands in the 
Lmted States for O\er 70 years changed the character or foresb grO\\ 
mg on good quahl) site~. Remo\al of fire from these eco~y~tems con­

Lnbuted to the gradual invasion of oak stands by shade-tolerant. lin:-intoler­
ant spectc" into the understory and midstol). pre\·entmg successful establish­
ment of oak spec1cs on good quality sites. When canopy-gap type dhtur­
bances occur. \\ell established oak regenerauon 1s not a\ailable to dc\clop 
into mid- and upper canopy trees. If there 1s a maJOr disturbance in the O\er­
story of these mixed stands. p1oneer shade-intolerant species such as yellow­
poplar (Lirioclmdmn tulipifcra L.) out-compete oak regcnemtion and domi­
nate the next stand. Periodic underbummg m m1xed hard\\ ood stands creates 
conditions conduc1\e for oak regeneration and establishment. but require a 
relati,ely long regeneration penod. We recently de\eloped a shehemood­
bum techmque. \\luch m1m1cs the natural disturbance reg1me that histon­
cally fa,ored oaks. It can be used on producu'e upland ~itcs to enhance the 
competiti\e pos1t1on of oaks m the ad\ance regeneration pool. This paper 
p~ents sth 1cuhural gu1dehne~ for applying the techmque and discuss..-s ~e\­
era! options to meet management objecti\es of diflerent landO\\ ners. 

Introduction 
Regenerating oa!.s <QucrriL\ L. spp.) on producm·e upland site has lx:en a 

major s1h icuhural challenge for decade!> m eastern hard\\oOO forest~ . In the 
dense 'hade of mature mixcd-hard\\Ood stands. oak seedlings and seedling 
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sprouts do not develop into competitive stems 
either because of poor initial establishment of 
oak seedlings or the slow JUVCmle growth of 
oak advance regeneration if present (Loftis 
1983: Abrams 1992, Lon mer 1993, Lollis and 
McGee 1993). Overstory removal by either par­
tial or complete cuttings releases well-estab­
lished shade tolerant regcnerauon. such as red 
maple, and facilitates establishment of fast­
gro'"mg shade intolerant seedlings like yeiiO\\­
poplar. Oak species generally become a minor 
component or altogether absent on good qual­
Ity snes as the ne11 stand dc1elops (\1cGee 
1979; Abrams 1992: Lonmer et al. 1994). 

umerou!. rc,carchcrs think th1s pattern of stand 
succcss1on is a relatively recent phenomena, 
developing in the past 75 }cars or so. and is 
tied to the exclusion of lire from eastern hard­
wood forests (Little 1974; Van Lear and Johnson 

1983; Crow 1988; Van Lear and Waldrop 1989; 
Abrams 1992, Lorimer 1993). 

In this paper. we bneOy descnbe the fire Ius­
tory of the eastern Umted States and how oaks 
adapted to frequent burning. Attempts to re­
generate oaks on good quality sites using pre­
scribed burning 111 rclauvel> undisturbed ma­
ture stands w1ll be discussed. finally. we will 
describe a new tl.-chni4ue8the shelterw ood-bum 
method-that has pr01cd successful tn regen­
erating oaks in the southern Piedmont. This ne11 
regeneration method to regenerate oaks utilizes 
pan1al harvesting, follo'"ed by prescribed fire 
and m1m1cs di turbance reg1me that h1stoncall} 
favored oak. 

F ire in the Eastern nited tate 
After the 'W 1sconsm glaciation peaked about 

18,000 years ago and the Laurentide icc sheet 
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began to retreat, plant spec1e:. gradually mi­
grated nonh\\ard m response to the ~armmg 
climate. llowever, a factor other than the warm­
ing clim::Jte aiTected ,·egetati\e pallems that 
were de'l-elopmg during th1s ume. At least 
12,000 }ear.. ago and during this warmmg pe­
riod. lnd1ans amved m the ea\tem Umted tatcs 
(Williams 19 9; Bonmcken en ::!000). Pnor 
to the1r arnval. llghmmg ''as the sole ign1tion 
source \\lth most fire:. occurring in the grow­
ing season. Jndmns used fire mall seasons and 
vastly extended the mfluence of fire on vegeta­
tion throughout the eastern l.imted States. 

Demographers now estimate the Indian popu­
Jauon of"-:orth America at the t1me of Colum­
bus at about 18 million people (Dobyns 1983 ). 
They lived m generally small \.lllages, although 
some towns had populauons m the thou. ands, 
and the1r agricultural fields occupied the more 
producuve bouomland sites along nvers. By 
1500 AD, most eastern lnd1ans \\ere deri-.ing 
more than half of their sustenance from agri­
culture (W1JIJams 1989). When the} burned 
their fields to clear the stubble or burned along 
their extensive ri'l-er trad system, fires would 
ha'\e burned along a topographic gradient fTom 
mesic to xeric l>ltes. ensuring that good quality 
oak sites would ha\e been burned on a frequent 
basis. 

Indians used lire for many reasons other than 
land cleanng for agricultural crops and to fa­
Cilitate tra\ el. They used lire for hunting pur­
po. es, to stJmulate berry producuon. to pro' 1de 
w 1ldllfe habitat, and as a defen\e against en­
em•es (Williams 1989: Bonnicksen 2000). 
Through the1r w 1despread and frequent bum­
mg. Indians influenced the em ironment far out 
of proportion to their population. Their use of 
fire, a tradJtion \Ubsequently earned on b} Eu­
ropean settlers (Hudson 1976: MacCJeery 1992: 
William~ 1989), created an environment fa.,or­
able for the e tabli!>hment and mamtenance of 
oaks on good quality site:.. 

In the early 1900 . "llppressJOn eflortS of the 
L. S. Fore!>! ·ef\ 1ce and state fon.:!>try commis­
sion~ began to be succc,sful in reducing the fre-

quency. e'tent. and m11uence of fire (Van Lear 
and Waldrop 1989: MacCleery 1992). As fire 
was excluded. eastern forests changed dramau­
cally (Lorimer 1993; Abrams 1992). Shade­
tolerant and firc-1ntolerant spec1cs began to 
dommate tore~t understones, O\erstOf} densi­
ties increased. and tire-sensiti\e spec1es mo\cd 
upslope from moist CO\e, to xenc slopes. 

\\h)' Fire Fa,ors Oaks 
Surface tires remo\e much of the m1d- and 

under,tory stratn m mature mixed hardwood 
stands, reducmg shading and providing grO\v­
mg space for oak ad\ ance regencratio. If such 
regeneration is greater than 1 10ch at ground 
line. it !!>likely to ~uf\i\e burning by sendmg 
up nc\\ sprouts. Spnng tires are e pec1ally 
effecuve 10 killing these lower strata trees 
(Barnes and Van Lear 1998), some of\\ hich 
die gradually over a several year penod. F1re 
prepares a favorable seedbed for cacbmg of 
acorns by sqUirrels and Jays (Darley-ll ill and 
Johnson 1981, Gal ford et al. 1989) and reduces 
surface soil moisture, which discourages e~tab­
lishment of mesoph)'11C spec1es (Barnes and Van 
Lear 1998). Frequent burning may control m­
sect predators of acorns and ne\\ seedlings 
(Galford et al. 1989). All these tire eO'ects 
create environments that tinor oak regenera­
tion on betJer quahty 1tes. 

Oaks. like many other fire-adapted spcc1es. 
encourage future surface fires because of the 
nature of their leaf litter. Fallen oak lea\ es re­
mam curly. creating a porous fuelbed for sur­
face tires. Unhke leaf litter of mesoph)'UC l>pe· 
c1es '~h1ch forms a flat mat upon compaction 
and dec:tys rapidl:y, oak leaf lmer undergoes 
little decay dur10g the winter. e'l-en 10 regiOn!. 
where sno'v pack!> are heavy. Oak IIller recurls 
after snow melt, once agam creat10g a porous 
fuel bed capable of C:trf}ing a surface fire dur­
mg the 'pnng lire season (Lonmer 1989). 

B~.o"Cau'c of the comple\it} of fOIC!>t ecos}!>· 
terns and the charactensucs of tire (season, in-
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tensit)'. ~e1 erlly, fire-return intenal. etc.), ef­
fects of fire m hard1vood stands vary. F1res in 
stands of m1xed composition have occasionally 
created oak-dommatcd stands (Roth and 
llcpting 1943; Carvell and Maxcy 1969). ~h1lc 
m other Circumstances species composition in 
young stands has been altered very lmle by fire 
(John~on 1974. McGee 1979: Augspurger et al. 
1987) 

Season of burning and lire intensity are im­
portant 1f oak regeneration ~~to be favored by 
fire. ea~on of burning affects the ~prouting 
vigor of the plant. In tht: ''inter "hen root re­
sen es of hard1v ood regeneration are highe>L 
hard11oods ha1e the greatest abilit) to sprout. 
In the grmv ing season. root resenes arc lo~er 
and prouting' igor is less. fire mtens1ty 1s criti­
cal because certam spec1es. such as the oaks. 
can sur111e h1gher mtenslt} fires than the1r com­
petitors (\\ialdrop et al. 1987: Brose and Van 
Lear 1998). Oaks tolerate lire beuer than most 
competitors because oak sprouts originate 
deeper m the sod because of acorn burial b) 
animals and hypogeal germination (Bums and 
llonkala 1990: IIane 1998) 

rirc is. of cour<;c, but one disturbance factor 
that aiTects 1egetat1on. r:ue oflen "orks m com­
bination ~1th other env1mnmcntal forces. e pe­
cially '' ith '' ind or ice storms that break up the 
01 er.tory canop). When the upper canopy is re­
duced or removed by 1vmd or ICC. ecos)Stcms 
are predisposed to fire (\l}ers and Van Lear 
1998). Op.:nmgs in the overstory mcrease mso­
latlon and dry mg of the fuels created by the 01 er­
story diSturbance. The increased insolation also 
favorsgro1\lh of line tucls 1vhich help carry sur­
face fire~ . Thus. as a 1\.'Sult of 01 erstory dbtur· 
bance. fire 11 a:. almost certain to occur because 
human 1gmuon 'ourecs 11 ere so plentiful. 

Under tory Burning to Encourage Oak 
Regenera tion 

In the absence of penod1c fire. lire-intoler­
ant and shade-tolerant species dominate the 
gro" 10g space of mature mixed hardwood 
stand~ on good sites in much of the eastern 
lJmtcd tatcs Oak reproduction, 1fpresenL i 
not compehme 10 sut:h setungs. Because these 
Sites did regenerate to oal..s earl} in the past 
century and fire was much more pre'valent in 
the en11ronmcnt at that time (Williams 1989: 
MacCieery 199:!). it 11ould seem plausible that 
remtroducing understory fire into mature m1xed 
oak ~Lands 1~ould encourJge oak regeneration. 
llo11 e1 er. because of a long-standing profes­
SIOnal bias agamst burning in hard11oods. for­
esters ha~c been sJo,, to study the possibilities 
ofbummg to encourage oak regeneration. 
B~ed on prelimmnry rmd10gs of a stud} m 

the P1cdmont of outh Carohna. Van Lear and 
Wart ( 1993) dev-eloped a theoretical sll'vicultural 
prescription to encourage oak regenerauon by 
understory bum10g 10 mature mixed hardi\Ood 
stand,. ncar the end of the rotauon. Barnes and 
Van Lear ( 1998) continued this study and found 
that one gn.m ing season bum was as effective as 
three\\ inter fires in reducing d.:ns1ty of compet­
IOg understory and midstory stems (fig. 1). The 
number of oak root tocks 10 the regenerauon 
la}er 11as increased by burning: root shoot ra­
tio of oak\ 11cre enhanced. and compeuuve 
11oody spec1es decreased Burning xerified the 
surface soil. probably through mcrea:,mg m~o­
lation and reducing the mulching eflect of the 
fore~t floor. 1\hlch fa,ors oak o1er compeUll\e 
mesoph)'1ic spec1es. There\\ as little v1s1ble dam­
age to bol~ of ov.crstory oaks from the: fire.. es­
p..>ciall) 10 the larger SIJ'e cla.~scs. trom these lo1\ 
mtenslty fires. 
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Smcc the Barnes and 
\'an Lear pap.:r. "e ha' e 
burned the ~pnng bum 
plob for the 'econd time 
The understory and 
m•dsiOI') strata have been 
funhcr rcduced and there 
is a dense la}Cr of oak re­
generation" 1th hule com­
peuuon. The plots that re­
cen ed the three vv inter 
bums also have dense oak 
regeneration "ith lillie 
competitiOn. Although oak 
regcnerauon "as in­
crea~ed and competition 
was reduced by period1c 
understOI') bummg. it ap­
pears that burning "ould 
have to be continued for a 
relamely long period, i.e .• 
perhaps I 0 :,.ears or so. 
before -,uflicJent oaks of 
comp.:titive site \VOuld be 
present tn the advance re­
generation. Such an ap­
proach is handicapped by 
the e:.;pense and risks of 
multiple prescnbed fires. 
making it a rather unat­
tractive opuon for many 
landovvners and managers. 
'>:e,erthele~s. 1f no ad­
' ance regeneration e\iSLS 
tn a stand and preltcribed 
fire~ are feal>Jble. p.:nodic 
under~tOI') burning pro­
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l Aller l-S yean. yc,'Jow..poplar domuwes 
1k odvance , .. _.......pool 
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"!!monlJOIIpool n...e­
opuonoavoilablc 

fvw wuhbe!d. c:re:ate:s a two--aae 
ll&!ld 

1111 
2 ilobal cut 10. oboll........t (40 10 ~. 
bualareo~) 

4 Prucribod 6rel0p1dlb lho odvance 
rt&<fl~Rlloa, ban& rooiJIOCb 10 
oprout OventOI)' climap and 
a>rllfoly 1 ... 1«1 10 ..... Milo llull 
allharbo ... 

6c Repeal bunut11 athor JIO<kpileo oak 
1prouts or creates an oak &avaana. 

figure 2. S< hematic dtagram of the <hdtenmoJ-burn lt~ ·hmque 4 = htgh 

qua/111 oak.' B = htclcortes. poor qualt/1' ook• and )<'iloll·pap/urs, C = 
Am.-rttun beech, jl<JI<erin?, dog>•vod. and rt?d muple; D • mLted hurdllood 
rt>generatum dommated b; yello>~ -poplar; tmd E • mutd lwn!lmod n-gen­

ertJ/1011 dommated b•· oak.' 

' 1des a means to establish oak seedling and 
seedling ~prout . "hlle reducing oak competi­
tors. thereb,> ening the stage lor the folio" mg 
techmquc. 

southeastern Unned Stat~ to enhance the com­
pellti'e po'-lllon of oak regenera11on m such 
stands ( Ke} 'er et al. 1996: Bro>e and \ an Lear 
1998: Br~e Ct al. I \19Qa). nu~ method U"CS an 
inuial shelternood har\ est '' hich remo' es 
rough!) half of the oveNOI) basal area. All )el-The helten\ood-Burn '\lethod to 

Regenerate Oalu 
-\ shehemood-bum method (fig. 2) has re­

cent!) been developed in the P1edmont of the contd. on pg. 102 
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low-poplar.. are removed in this first cut of the 
two-cut shelterwood method, lea'l-ing the best 
dominant and codominant oaks. following the 
imual sheltcrwood hun est is a 3- to 5-year wait­
mg period, during wh1ch time the advance re­
genemtion develops. 

Afierthls3-5 yearwa1tmgperiod, a hot grow­
ing season fire is run through the advance re­
genemuon. ThiS l)pe or fire kills mo~t of the 
yellow-poplar regenemtion and seb back many 
or the other competitors. Oak regenerauon 1s 
favored because most of the oak seedlings/ 
sprouts sun i'l-e the fire by resproutmg from the1r 
large root systems. Oak regeneration benefits 
from bummg not only because it has relatively 
large root systems wuh large resenes of carbo­
hydrates. but because its sprouting buds are 
protected from the heat of the surface fires due 
to their hypogeal germ1na11on (Burns and 
Honkala 1990). quirrels and Jays play an im­
portant role in burying acorns, ensunng that the 
root collars of well established seedlings are 
below ground. 

Unless oak rcproducllon is relati'l-·ely vigor­
ous and free-to-grow, i.e., stmight stems vv 1th 
large buds and at least I 3 m tall with no major 
competitors '' ithin 3 m ( 1'- 1989), 11 IS un­
hkely to compete well \'1-Ith fast growmg spe­
Cies. Oaks resist root kill by fire better than 
yellow-poplar and other competitors. especially 
ru. fire inten 1ty increase~ (f1g. 3) (Brose and 
Van Lear 1998). In our study of the sheltel'\\ ood 
bum technique in Virgima s Piedmont. densil} 
of free-to-gro'' oaks e>,.ceeded 800 stems·ba 
w1th high inten ity pnng fires. In contrast. yel­
low-poplar den ity \\as greatly reduced (up to 

90%) by spnng bummg "'1th h1gh mtenstt} 
flames. Winter bum prov 1ded lmle control of 
yello\1--poplar and, e\ en "'1th a high intensity 

fire, oaks dens1ty did not reach 300 stems ha. 
Summer fire~ prov1ded substantial numbers of 
free-to-grow oaks, espec1ally m the medium­
high intensity levels. lligh intensity summer 
fires killed many of the smaller oak seedlings 
while low intens1ty summer fires failed to con­
trol competitiOn. 

Fires do not bum uniformly over entire treat­
ment areas. This is but one reason w by oak re­
production w1ll not be uniform O\er an area 
treated \l-ith the sheltel'\\ood-bum method. ~e 
believe that if free-to-grow oaks exceed 370 ha 
and 60°'o or more of the stockmg plots ha-.e at 
least one free-to-grow oak, the stand wtll re­
generate to a prcdommantly oak stand. If one 
bum does not prov1de enough oak regeneration, 
additional bums may be prescnbed. In many 
Situations, decades of fire exclusiOn have al­
lowed oak competuor~ to become so ftrmly es­
tablished that oak regeneration may not be as 
plentiful as des1red. If more oaks are desired, 
add1tional fires may be prescribed as d1ctated 
by leaf litter accumulation. Oak dominance of 
the advance regcncrauon \\ 111 probably increase 
with repetitive spnng bummg at about 2-year 
intervals 1f such bums are deemed necessary. 

Shelterwood Cutting vs. Clearcutting? 
Would clearcuttmg followed m several years 

by a hot spring fire be as successful in favonng 
oak regeneration as ~heltemood cutting? We 
belle'~>e that a sheltemood cut is the essential 
first step in thi~ techmque. for several reasons. 
First. the shelterwood continues to produce oak 
liner which create the continuous fine fuel bed 
necessary to carT) the sub equent ftre. Sec­
ondly. if clearcutting had been used, yellow­
poplar foliage, "'hich decays quickly and lies 
flatBthus a poor med1um for carrying surface 

Page 102 Proceedings I December 2001 



International Oaks 

fires. \\ould dommate the lor~t floor. ll11rdly. 
shadmg from the she Item ood prevents yello'~<­
poplar regeneration from gro\\ ing so large dur­
ing the interval before burning that It could not 
be killed by fire (IIane 1999). 

The \\ aiting Period: Is it '\eces a11? 
\.Vhy i It necessary to wan everal years after 

the iniual sheltemood cut before burnmg? A 
maJor reason for \Va1ung IS that, m the P1edmont, 
yellow poplar IS 
usually the spec1es 
that develops most 
prolifically follow­
ing a major stand 
diSturbance. such 
as the mH1al 
shelter\\ ood cut. 
Because 1L~ seed re­
mams v 1able for 
)Cars m the duff 
and 11 IS a p1oneer 
spec1es. it grows 
densely and vigor­
ously during the 
fiJ'St fe,., years after 
diSturbance and 

tOO .. .. 
70 

to 

.... 

The '~< aumg penod also allo" s loggmg ~lash 
to settle and become le~s of a hazard to bum. 
If hea\y loggmg sla~h from the initial 
she Item ood cut rests agamst the bole of residual 
trees. it should be lopped or pulled a" ay to pre­
vent bole damage from nareup~ or long fire resi­
dence times when the area is burned. A clause 
in the logging contract can eas1ly take care of 
this potential problem. Actually. the distance 
between r~1dual trees after the imtial cut IS gen-

High 

dommates the ad­
vance regeneration. 
Intolerant competi­
tors of oak. such as 

Fi~:ure J. Mortality 1%1 of hickon·. oaJ.. n:d maple. and rellow-poplar admnce 
fl!generatwn "' jil"'' mtemity mcremes wuhin .fprmg prescnheJ hum.\ conducted 
m theltl'nmod stands 

yellow-poplar. put most of the1r t>ncrgy into top­
growth during th1s prebum period CHane 1998). 
Conversely. oak regeneration. '"hich should be 
present at the ume of the imtial sheltemood cut 
1f th1s technique i to succeed. put:> a relatively 
high proportion of 1ts energ} into root growth 
during thiS tnterval between she Item ood culilng 
and bummg and. theretore. is able them to sprout 
'<igourously after burning. In the absence of the 
forthcommg disturbance of' burning. oak regen­
eration could not compete \\.ith the fast gro'"ing 
yellow-poplar seedlings. Without th1s "a !ling pe­
riod. these diffcrenc~ in growth patterns that 
affect pecies mortality rate~ from the bum would 
not exist. 

erally great enough that directional felling 
should pre\ent most tops from being in close 
prox1m1ty to boles of residual tn..>es (Brose and 
\an Lear 1998; Brose ct al. 1999a}. The \\ait­
mg period also allows re~idual O\ crstory trees 
to reco' er from the shock of the imual cut be­
fore they" ill be ~tres,ed again by bum mg. 

!\taoagemeot Option '~ith the heltemood­
Brun ~lethod 

The sheltemood-burn method IS attracU\e 
to landO\\ners because the initial cut of the 

contd. on pg. 104 
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sheltef\\l)Od method produces immediate in­
come 1\ small portion of the profit is then used 
to pay tor the prescribed bum. Removal of the 
shelterwood after huming IS at least as profit­
able as the m1Ual cut because the best oaks were 
retained and some probably increased in value 
dunng the mtencnmg yean. before final har­
vest. llowe-.er, the shelten\'ood-bum method 
can be used to accomplish ObJectives other than 
timber managment (Brose ct al. 1999). 

The shelterwood-bum method can be used 
by Wildlife managers to sustain hard mast pro­
duction and prO\ 1de palatable browse during the 
regeneration period. The classic structure of the 
shelten1 ood can be maintained '' hile stockpil­
mg oak regeneration'' uh period1c bums(Brose 
et al. 1999b) Many upland game and non-game 
spec1es uulu:e the mast. browse. and cover in a 
regeneratmg shelterwood (Brose et al. 1999b: 
Lanham et al. :!000) 

The sheltenvood-bum method could be used 
to restore fire-mainwined ecosystems (Brose ct 
al.l999h). rrcquentgrowingscasonbumsaf­
tcr the initial shclterwood cut would gradually 
reduce the dens It) and 'ti/e of 11 oody regenera­
tion . This treatment would create a hardwood 
woodland or savannah. two habitats that have 
!x,-comc mcrcasmgly rare in the eastern Umted 

tales after decades of fire exclusion (Buckner 
19&3, P)ne 19R::!: Van Lear and Waldrop 1989: 
Abrams 199::!). 

The ~he Item ood-bum method \\as de, eloped 
in the southern Pu:dmont of the United States. 
Would the technique be successful m other 
ph}'iographic regions and on ditlerent sites"? 
Some research suggests that it 11 ould. In Wis­
consm, two spring bums reduced densities of 
sugar maple (An~r .wcchamm Marsh.) and hop 
hornbeam COw:ra 1·irgimana (Mill.) K. Koch.) 

by 80% on mesic sues. \\hile density of north­
ern red oak (Quercus rubra l.) increased 
(Kruger 1992) Repeated burning m oak-pine 
communities on xenc sites in the Cumberland 
Plateau reduced regeneration of red maple and 
other non-oak spcc1es and promoted chestnut 
oak (Qut'rcus montana Willd.) regeneration 
(Arthur et al 1991.1). Ward and Gluck (1999). 
in Connecticut, observed that burning several 
years after a she hem ood han est fa1 ored oaks 
and reduced competition from birch and shrubs. 
llot lire~ in mountam laurel thickets in the 
Northeastern lJ nned States that opened cano­
pies. I.e .• a disturbance similar to a shelternood 
harvest. allo\1-ed oak reproduction to gro1~ past 
the dense shrub layer (Moser et al. 1996). 

Conclusions 
Until the early decades of the past cenrury. 

lire played a maJor role 111 mamtaining oak­
dommated forests for millenma 1n thc eastern 
Lmted Swtcs. As a result of lire exclusion, oak 
forest.~ on good quality site~ have been in de­
cline for decades as more shade-tolerant spe­
cies gradually succeed oaks or shade-mtoler­
ant specit:s outgrc\\ them after major upper 
canopy disturbances. 

Foresters have been reluctant to prescribe lire 
m hard\\ood stands because of ftre of damag­
ing boles of high-value trees. Thus. practical 
sih icultural prescriptions using fire for oak re­
generation ha\e lx,-en lackmg. Periodic under­
story burning in mature mixed hard" ood stand:. 
creates eO\ ironmental conditions which favor 
oak regeneration . However, a number of bums 
over a decade or so arc reqUired for th.is method 
to be successful. 

A shelternood-hum method has recently 
been de\ eloped m the ~outhem Piedmont of the 
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Umted ')wte~ '' h~eh ha!> pro\ed ~ucce~sful m 
regen.:mting oaks m mt\cd hard'" ood ~tands on 
good quaht) ~tte~ . This to:chniquo: reduco:~ the 
den~lt) and \igor of oaks competito~. espc­
ctally it gro" mg ~ea~on bums ofrelati\el} high 
inten.>tt) are u'ed. Oak regeneration allocate~ a 
relati\ ely htgh proportion of its energy to roots 
folio'" mg the initial ~he Item ood cut and ~prouts 
\ igorously foliO\\ ing the sub. cquent bum. It 
mimics a disturbance pattern (i.e .. parttal 0\-er­
story disturbance follo'"ed by lire) that has 
shaped the composition of ea!>tem forests for 
mtllo:nnia 

Tho: sheherwood-bum method ts economi­
cally attr.lclt\ e ''hen umber production is the 
prim3.1') management objectiH:. HO\\C\er, the 
techmque also should b.: auracti\e lor ''ildlife 
manago:r; '' ho ''ant to create '" o-aged stands 
or mamtain a shrub layer beneath a mature over­
story canop). Ecologists may also be interested 
m usmg a modified \ersion of the techntque to 
restore open oak \\oodland conditions by burn­
ing trequently in the gro\\ing -.cason to fa, or a 
herbaceous la:yer of ''arm-season gra!>ses and 
forhs . 
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Tlus work presents the results from a study of hybndiLation processes 
in an area dtsturb<!d by man. Ftve dtiTerent specre~ of genu~ Quercus 
coexrM m thts area (Q coccifera L. Q.fagmea subsp. hroteroi (C"ouunbo) 

A Camus. Q IIL~itamca Lam .. Q. roumdifolio and Q wher L.). 
In these areas, most of the possible hybnds among the species mentioned 

before have been found. llowever. our study focw.ed on those hybrids m 
11 hidt Q wuiftra is a parent !Q. cocc iferu X Q. fi1gmeo 111h1p. hrotaoi, Q 
coniferu X Q. l!t~itamca. Q coccifera X Q. rotundifolia and Q. coccifera X Q 
111bcr). 

The results ha1 e made it pos tble to e1aluate h011 hy bridi7allon processes 
are concentrnted in contact areas bet"een woo<b and culti1ated lands. called 
Tension Areas. The structure of the hybridization areas correspond to the 
Mo.;aic model. The study of the factor., "hich contnbute to the hybridiza­
tion processes in the area show the foll011 mg results: 

I) There 1. a clear relationship b<!t11 ecn the number of h) brids and the 
population of parental species available. as "ell as b<!t\\ een the number 
of h) brid and the size of the disturb<!d area. 

::!) ll)brtd~ ha\e less \Jabiht) m their pollen grams than parental spec1es. 
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31 there I'> a gradient m the v iabihty of pol­
len grams I rom parental spectcs. "ith 
greater v iabilll) in pollen grains from 
sJ>~Ximens in coma" "'ith the hybridtza· 
tion areas than m tho'<! vv htch are dt tam 
from the!>e area.. 

From the results tt can be concluded that di­
' erslt) at the s1te clearly contributes to the hy­
bndilation proce>ses, although there are physi­
ological baniers vvhich slow down the e'pan­
Sion ofhybnds m the areas occupted by the spe­
cies. 

Int roduction 
Hybndizatton processes m the Querrm ge­

nu~ are studtcd throughout the \\Orld (Huguet 
dd Villar, 1935: Hardin. 1975: lly. 1895, 1xon 
and ~1uller. 1993, Palmer. 1948: Jucker. 1952). 
The problems in the idenuficauon of numerous 
spectmcns belonging to the genus Qw:rro1 due 
to the hybridl.tation of panicular spectes are 
\\ell kno'" n. lntrogresston problems make the 
1denulication task even more dtiTicuh. as re­
ported in numerous \\Orks (Burger. 1975: 
Coombes. 2000; Cousens. 1963: Lamant and 
Sternberg. 2000: Potter. 1994). 

In the South-"'est of the Iberian Peninsula 1t 
is possible to idemify the presence of at least 
e1ght species of the genus Q111:rcu1 L ( Q 
mnarrenm Wtlld .. Q cocci(era L., Q faginea 
Lam .. Q. /u.\1/anica Lam .. Q prn:naica Wllld .. 
Q mbur L.. Q. tVIImdt(olia Lam. and Q wber 
L.l. The!>e speci~ occur in numerous enclaves 
\vhere the \\Cather. edaph1c and management 
condmons make poss1ble their coe'-lstence. 
ll)bnds arc L'aStl} found m some areas \\here 
,everal S(X'\:Ies of thi~ genu~ appear (Vazquez. 
1995: \'icio,o. 1950). 

II has been ..,ho11-n in dtflcrent ~tudtes that 
the -;tructure of the '"ood~ and d1sturban~:e may 
promote h}brid11ation proce,,e~ (Cruzan and 
Arnold. 1993, Freeman et al.. 1995). In the 
\\ ood> of the outh·\\est Iberian Pen in. ula. 
Qucrrm are frequently dbturbed by man and 
occasionall} by natural lactor~ such a. the fire. 

Under such conditiOn!>. h)bnd11aUon processe; 
have been >tudu.:d m populauons m \Vht~:h the 
taxa of the Qw:ru11 genus COC\I>t ( Q. coco/era 
L. Q. ja?,incu ~ubsp. hrotcrrn (Coutinho) A. 
CamU!>, Q lu\llamca Lam .. Q mwndi(olia Lam. 
and Q. whcr L. ). The'e ta'a have been strongly 
disturbed by the de!>Lrucuon of the \Vood~. m 
order to u~e the land for fa rmmg or 
stockbreedmg. Thts \\Ork has focused on de­
terminmg some of the pre-embryonic baniers 
"'ithmthe parental species and hybrids that slov" 
down hybrid11aUon or mtrogress1on processes 
in the populauon. 

\laterial and method!> 
Stud_\ an:a - The area under >tudy is a 10ne 

\\lth a great di\erslt} of Quen·w specte . Th1s 
area is near the Valle) of Santa Ana, in the south 
of BadaJOZ provmce !Spa1n) (U.T.M. 
29SPD94). 650 m. above the ~ea bel. ROO mm/ 
m· of the annual prectpltation. 13.4•c annual 
mean temperature and cia) soil. 

In this area it 1s possible to find at least fi\e 
different Qucrr·u5 pecies. !Iuman disturbance. 
includmg culuvation "tlh trees (olive). scrubs 
(wine) and grasslands (oats and barley), has 
been an element of the disturbance m the areas. 

Hrbridi::ation art!a- The studied specimens, 
includmg their distribution. abundance. mass 
and s11e of disturbed surface area.. have been 
calculated v\ith a GIS. Pro '<R model. Trimble, 
\\llh sofhvare mcorporated (Pathfinder 2.1 1) 
Thts has made it pos~ible to dra" the maps of 
the stud ted areas and of the di~tance> between 
point:. <Trimble. 1998). 

Once the stud) of each sJ>~XiC!> and h} bnd 
\\as finished. the stud) of the h)bridi1ation area 
took place. focusmg on the models suggested 
b) authors such a> Arnold. ( 1993 and 1997): 
Ham on. ( 19R6 and 1990) and Howard ( 1986) 
To reach the mam a 1m. the d.stnbuuon of the 
number ofh:rbrids \\as studied from the knov\ n 
m:ntmum dtstance m the \\OOds of parental 
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species (excluding Q. coccifera). The study of 
the hybridization area tructure is supplemented 
vvtth the graphic representation of the mfor­
mauon provtded by the Gl , and the statistical 
analysis of the data through the mean ten­
dency line ( nedecor and Cochran, 1980). 

Apart from knO\\ mg the hybridit.ation area. 
the relation between the number of hybrids and 
the a' atlable parental surface has been studied 
(the structure and density of the parental masses 
ts the same for all the studied species. excluding 
Q coccijera L .. 40-45 feetlha and mean age of 
I 00-150 years old). The number ol hybnds 
and disturbed surface areas avatlable has also 
been studied. Fmally. the combmatton of these 
t\1 o factors previously mentioned has also been 
studied (parental surface plus disturbed surface) 
versus the number of hybnds found. 

The stattstical analyses used m this study 
have been hncal rcgresstons between the stud­
ted parameters (Snedecor and Cochran, 1980). 

Hybrid studieJ - Together \I tth the Quercuv 
species. we also found different hybnds. mclud­
tng the following: Q coccljcra x Q 
rotundifolw Q. coccifera X Q .Iuber: Q 

coccijera x Q. lmitanrca: Q. coccijcra x Q 
faginea subsp. hroleroi, Q. faginea subsp 
broteroi x Q luwanica, Q. jaginca subsp. 
bro1er01 x Q. rolundifolia, Q. fagmeu subsp. 
broterai x Q .. Iuber; Q. ltJSitanica x Q suber 
and Q ratundifolia X Q s11ber. 

The diOerentiauon between the different 
h)bnds and thetr parents has been estabh. hed 
accordmg to morphological charactensttcs, 
such a~ the leaf. style, cupule. male Hower and 
acorn morphology. Samples of the material 
tudicd were conse!'ed m the herbanum of the 

lnvesugation and Technological Senice 
(HSIA). wtth the numbers 4268 up to 4325. 

There was difficulty differentiating and com­
pleung the study of all the hybrids . That is 
why we selected on ly the hybrids of Q 
coccifera. These taxa have stable leaf charac­
tenstics (limb morphology. petiole, presence 
of hairs and margmal spines) and a clear penod 
of nowermg. Other taxa, such as Q. fagmea 
subsp. bro/eroi. Q lu.wanica or Q rotundifolia 
have many vanattons m leaf morphology, pu­
bescence and margin. and introgresston pro­
ce ses are frequent. The small number of the 
mdtviduals of 

Table I . Dumhutum \1/rface and num~r of hybn<h (on/1· wuh Q. cocctfera/msule the studied una 

Taxa S urface occupation (ba) 

Q. coccifera 
Q faginea sub,p. broteroi 
Q. lusitanica 
Q roumdi(olia 
Q suher 

Q cocci/era X Q fagmea brotero1 

Q cacc!feru x Q lusitamca 
Q. cocci}O?ra X Q rotundifoliu 
Q coccifera X Q. 1/Jher 

1,65 
0.76 
0.01 
6,18 
9,311 

umber indh iduals 

uncountable 
55 
li 
1/T/COlllliObfe 

11/lCOlllllabfc 

II 
l 
36 
19 
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Figure I. Dutnbut1011 of the drff<r<nt for<> I spedes and II) bnd• found m the Uu<h ana 
Scale I :! JO()(IO t.•e•' legul<i1 

c:::::J r,..,of{l~ 

W&l r'""'of{Jjag~MG 

~ ""'"" r ...... of {I ~sa lltd Q nob<r 

h'~~;;-l r ..... ol Q ron.Nirfolio - l,..,.oiQs~• 

c::::J Cullnatcd are. 

Q./usuamca and Its hyhnd~ (Q. coccifera x Q. 
lusuanica) were also excluded. 

Study of pollen - Together w1lh the possible 
phenological barriers. wh1ch might be present 
among the species involved in the study. there 
are others pn:-embryonic barriers\\ h1ch deter­
mine lhe cro~sing possibility among mdividu­
als of d1ffercnt species of the genus Quercm. 
The v1abilny and fertilny of the pollen grains 
are elements that determine the individual's 
compeUU\eness in ide the populations to trnns­
fer the1r genes to new indi' idual and facilitate 
crossing processes between spec1es and or h}­
bricb. 

The \iabrlity of pollen grains has been ,tud­
ied u ·ing the lluore cein diacetate technique 
(Heslop-Harrin~on and Heslop-Harrison. 1970) 
In this case. the poss1ble relation be"' een the 
fert1lny of the pollen grams and the d1stance 

• ll)tlnc!Q t"O«!fort>•r.!.foi:Utrt>-<ro< 

• Hybnd Q cucci/na ' {I """'" 

0 

* 

to the disturbed area of the masses \\as demon­
strated. 

The statistical analy~es used m this case was 
lineal regressions among the studred param­
eters and A OVA analy~rs contrasting means 
using Turkey's method (p 0.01). for the dif­
ferent studred taxa (Snedccor and Cochran. 
1980). 

R e ult s 
The follo\o,ing re uhs ha\ e heen dem ed from 

the study of the area of each species and h} brid 
(The posmon and diCection. of the results ex­
pressed m table 5, appear in F1gure I) 

In Figure I 1t can be s~"eel that there are three 
areas clearl} ditlerentiated by the types of hy­
bnds: ln the eastern side there are mamly hy­
brids of Q rownclifolia and Q coccifera In 
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the western sade th~ most common hybnds are 
those between Q ~uherand Qcoccifera; and in 
the centre of the subject area. there are hybrids 
among all the species anvolved in the study, 
except Q lu\IWnicu. 

Hrhridi=ation area (lpe 

The r~sults represented in f-igure 2 were ob­
tained from th~ ~tud:t of the structure an the hy­
bridtz.auon area fix each pan.'lltal <;pecies im.olved 
111 the study. 

The resultS ex pres ·ed in figures 2a. 2b. 2c 
and 2d. show thatm all the ca,es the hybridiza­
tiOn are a mosaic model (Arnold. 1997). 

Tht.'I'C arc h)bridv.ation areas associated \\ith the 
copse isk:s lcfi by m:m, alternated wath cuiU\ated 
areas. H ybridil.ation has taken place in most of the 
study area. It has not bc...'ll COI1C\.'Iltmted in a particu­
lar area. 

l~rbridi=at mn arc>a analn is 
As indicated in the material and methods sec­
uon, apart from the stud:r of the hybridiLation 
area structure, the relation. haps between the 
total number and the parental surface a\ailable 
were analyzed: as \\ell a!. the surface m contact 
with farming areas (dasturbed areas). The re­
sult appear 111 ligures 3. 4 and 5 

Figure 2. D11tnh111mn finJII• nn graph1c' of tlif[f!rem hyhri<A depenJtm 011 t!J,• dmanct 111 the part·ntal 
jort•H,. ji1r tht• hrbmL, a Q coccafera x Q. suber. h Q. coccilcra x Q rotundiloha., Q. coccafcra x Q 
tagmca "'"'P· hrotcroa t.mtl t1 Q. co.:cifera x Q. lusuanica. 
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Figure 3. Lmeal r~-g.-."'''on bet\\ em the number ot 
hybnd, (Q 'O("t:ij< ru X Q !Ubtr, Q cocctjeru X Q 
ro/undtjallil, Q t:lJCCt{< '"X Q Ja,r:m a suh->p. broterot 
and Q cocctjera X Q luutamcal and the >urface 
occupted b} thetr parcn~ ( Q j<.~gmea ,ub>p. hroleroi. 
Q lrulluntca. Q mtundifolw and Q >uhcr) 

Finally the results found by comparing the 
sum of the surface occupied by the parents 
specie• plus the area 10 contact "ith the culti­
vated lands present 10 the small "oods of the 
parental spec1es are presented. 

The results e\pre.sed 10 the three prev1ous 
figures shO\\ that there are clear relations be­
tween the number of hybnds and the parental 
surface a\ailable (r 0,95). as \\CII as between 
the number of hybrids and the disturbed area 
(r= 0.87). Howe\er. the biggest relation (r2 -
0,97) is found by adding both efTecb: the sur­
face occupied by the par.:ntal spectes plus the 
disturbed area. 

Pollen qua/if) and hybndi::ation procl!!>l 

Together "1th the study of the hybridiza­
tion area structure and tiS Implications m the 
proc~'e' ''h1ch contribute or slow down the 
appearance of h} brids. on.: of the barriers which 
clear() lim1t the hybrids formation \\as also 
srud1ed: the \ iabihl) of pollen grams. 
The global stud}' of the 'iabilit} of pollen 
grams m parental ~pecie~ and h}bnds has pro­
'ided the results expre•sed m Table 2. 

The results expressed m table 2 shO\\ that 
there are clear dtfTerencc• bemeen the \ iabil­
lly of pollen grains from the parental spectes 
and those from h}'brid~. The parents •pec•e• 

Figure 4. L neal regrc"ton bet" ccn the numt-..:r of 
h~bri<b 1Q < -xcifira X Q "'her. Q w cclfira x Q 
rotundifoltu, Q ""' t:t{< ru X Q f••gmea 'ub,p. hmtemt 
and Q cocct(<'ro x Q. lwllomcal and the dt>turbed 
'w1ace a\ :ulable m the t(>n:,.t ot th~'IC paren~ ( Q f<JXtllt'u 
sub:.p. hroterot. Q IUJtluntcu. Q . rotundt{olw and 
Q sub.Jr). 

J •l '~ 

w' • IPH 

Figure 5. Lmt:al regrc-.ton bcm ccn the number of 
hybrid> CQ ux:cil<''<l X Q 'uhcr, Q wco/cra X Q 
rorund~{olta. Q ct>cct/•ra X Q jagme<t suh->p. hrotum 
and Q ca<n(era x Q lu\ll<llltw) and the di,turbed 
<ur1ace a\ailable in the tl>re<>t pJu., the >urfacc oc~-upted 
by thetr parent' ( Q j<Jgmea sub p. broterut. Q 
ltw/Omca. Q. rotundt(olw and Q what. 

JO .----=======-----, 
u 

·~ lO .. 
..,. " 

10 

• ...... ~ .. , 
present higher \iability than those from the 
h} brid specimens. Regardtng the parent spe­
cie~. dJfTerences '~ere found. Pollen gmm~ of 
Q cocci{era had high ,jabiht) (98., 8). while 
those of Q.fagmeu subsp. broterot had moder­
ate nabiltl} ( 77.53 ). 

Once the '•ability of pollen grain~ and the 
hybridization area structure ''ere kno\\ n. the 
'1abtltty of pollen grams of the parental spc 
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cic~ \~as correlated \~ ith the dtstance to the 
disturbed areas or hybndtzatton areas. The re­
sults found 10 four of the parents species are 
represented in figure 6 ( Q ltmwnica has been 
excluded smcc there wa~ a reduced sample of 
this specimen). 

TI1e resu Its expressed m figures 6a. 6b. 6c 
and 6d. shO\\. 10 a II the cases. a tendency for an 
10cn:asc in the vtabihty of pollen grains as one 
gets nearer to the areas dtsturbed by man. or to 
hybndizatlon areas. 
In the cases of Q. nmmdifolia. Q cocqfrra and 
Q wht!r there arc \Cry clear relationships. 
\\ hcrca~ Q faginea subsp. broteroi presents 
values for the r of the regression are under 50" o 

(r= 0.40). 

Di!.cussion a nd conclusions. 
The study of the hybndt.t~,tion area structure 

(area with the greatest quantity of hybrids) has 
comcidcd wtth the areas 111 contact \\ ith the 
small \~oods of the Qucrcu.\ genus and the cul­
uvated land~. These results coincide with the 
ones found m other studtes such as the Lcnz 's 
( 1959) lor populations of the lri~ genus or 
l rban ka and Landdolt ( 1999) for CarJamine 
in cultivated lands. The dt>turbance and dtver­
sification of the environment in a habitat fos­
ters hybrids\.\ hen there are at least two spectes 
able to cross. The h}bnd mdividuals are usu­
ally the ones \\hich occupy the ne11 areas suc­
cessfully, s10ce the} ha\ e a more \aried genetic 
heritage than the parents sp..'Cies from \.\hich 
the} came. 
The panicular stud} of the structure on \\ bich 
the h}brid11ation procc-.ses are orgamzed in the 
~tudied area has Ictus kn011 thattt corresponds 
to the .. Mosatc" model purposed b} Barton & 
He\\lt ( 1985 ). These results let us to conclude 

that, on the whole study. there are the same 
posstbilities of producing hybrids. There would 
not be bamers m the crossmg between species. 
or geographically m ccrtam areas These results 
could be useful to confirm that there\\ ould not 
be constderable pre-pollination or post-polli­
nation barriers beL\\een 'pecies, and parttcu­
larly bel\\een Q cocc!{t:ra and the rest of the 
~pecte,. The. e result~ \\Ould confirm again tho: 
pre\ 10us contributions mcn11oned out in the in­
troduction about the easy tendency ex1stmg m 
Querc:us lor hybridization (llardm. 1975; Hy. 
1895; l'<txon & ~fuller. 1993; Palmer. 1948; 
Tomlinson et al.. 2000). 
The specific study of the cause~ '' hich makes 
posstble the h)'bndtz.allon process in the stud} 
area has provtded us wtth some mreresting re­
sults to understand the hybridi.rotion process in 
these species. There 1s a clear relatlonshtp be­
tween the dtsturbed area surface. the surface 
occupied by parental species (there is the same 
den!>lty of trees per unit 111 all the spec1es crossed 
with Q. cocc1{era) and the number of hybrids 
produced. These results are mostly consistent 
\\ith the ones e'l.poscd m Anderson's theory 
( 1948) for hybrid habitats Due to man's man­
agement. some d1 tlcrent and mterrelated mches 
ha\e been created. These diller from the origi­
nal habitah occupted by species . This ne\\ situ­
ation contnbutcs to the presence and perpcttta­
tion of hybrids in all the areas under study. Ex­
amples like tho'e found m our stud} h:l\ e pre­
' tousl) been published for other genera such 
as Ruhm (Wiegand. 1935)./ris tLenz (1959), 
Sah·w (Grant & Grant, 196-t) or Can/amine 
(Urbanska & Landolt ( 1999). 
The model n:nectcd m the results commented 
on beforehand. fit, the model of the Tension 
Area (Arnold. 1997; Barton, 1989). This model. 
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Table 2. \ tabaht) polk'fl tor llu~cm daacetat.: technique t I k"'lop-flarn-.on 6: IJ~...,Jop-llamson, I Q70) m 
the parent 'IX'Cie-. and h)hrid, (Q co x brot .. Q. cocqjera x Q./cJf!tnc"<J <ub.p. brot.rm: Q cu. x 'uber: Q. 
CVC(I/Cra X Q ~ubcr: Q. cr:xqfaa X Q. ~uber and Q. co X Q. rot : Q roccl}tr<J X Q rollmJijoll<l). a. b, •: 
tnd•c-~tc "!!mlicant d1fferen.:o (A~OVA. Turl..c). p <0.0011 ~· num~'f ot mdl\1duals ~tud11:d. 

Q """'""" 
Q f. brott'ml Q zu/Nr Qronmd'ifol10 QcoXQbrot QmXQ~ QcoXQn>t 

rr- :!2 n-12 n 8 n• 1:! ""II> n 12 n IX 

'16,&&±3 6). n.SJ ISI1b ~l.f•hS91 ob 9)~ll~<.24"" +170i.lilbc 3~.01•24 s<, so~:hl< 

''here species of the same genus arc found liv­
ing m plant or animal populations, is favorable 
for hyhridit.ation processes and others processes 
indtrectly ltnked to hybndazauon ''hen these 
species are disturbed by ditTerent phenomena 
(man. lire. a\alanchc etc ). The TensiOn Ar­
eas m our case would comc1de with lhe areas 
named dt~turbed areas. hybndtzauon areas. or 
areas in contact with woods and cuh1vated 
lands. 
The last n.-sults did not oiTer a fa, orable 'tew 
tor lhe hy bnd specimens m the area under study. 
There were all the condttions to stay in per-

manent mche\ without trees and e>.en they 
could have competed w tlh parental species. 
l lowever.lhe space dtstnbuuon m Figure I docs 
not oiTer thb \ te\~. The hybrid~ gather m the 
areas m contact'' ith the small \\oods and the 
culuvated lands (Tension An:a). The analy~is 
of the -.mbility of pollen grams for lhe studied 
parental spectes and hybrids pro\ ides us a new 
perspecme ofhybridization processes produced 
in the area under study. The hybnds shO\\ a 
\iabihty constderably IO\\er than the \iabtht} 
of pollen 
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Figure 6. Pollen gram \'l<lhlflt) m thc" dl/{<'1'<111 f'<Jn!nl$ vx>clt·t (a Q rotundafoha. h. Q. coccafcra. c· Q. 
faganea whtp. brotcroa and d 0 'uberJ and rdativn1h1p< 111th the Jl't<mn·to In hruh:ntwn urta (or ctmta<t 
area 1111/J the <11/llwll!tl larrd1J 
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grams of the parental spcc1cs. For some hy­
brids ( Q. coccifi•ra x Q. mber) the viability is 
under I 0°'o. These results demonstrate the limi­
tatiOns of hybrids to transfer their genes, smce 
they have less reproductive possibilities than 
the species. These data '' ould partly comcide 
\\tth Muller's ( 1952). and they would justify 
the hybnd1zauon processes in the Quercus ge­
nus as a necessary mechanism for the e\olu­
tion of the spec1cs 

The last study shO\\ed the tendency of all 
the studied specie!. (except Q. lu.wamca and 
mcluded Q. coccifera). to mcrease the VIability 
of the pollen grains in the specimens close to 
the Tension Area. It IS a mechanism favorable 
for the competence among the spec1es to as­
sure the1r genetic heritage. Th1s behav1or has 
been noticed in other tree genera such a Pinus 
(Clausen 1965) or Eucall'pll/.t (Ladiges,J976). 
According to certain authors like Grant ( 1989). 
Arnold ( 1997) or Urbanska & Landolt ( 1999) 
m all plant and an1mal populations It 1s pos­
sible to find differences in the reproductive 
beha1 ior of some local breeds. These differ­
ences arc associated 11 1th environmental char­
actenstiCS of the1r mche. In our case, the area 
called Tcns1on Area" ould be favorable for the 
1 iab1ht) of pollen grains in the parental spe­
cie . \Crsus the h:,.brid specimens. slowingdo,,n 
e1en more the crossing poss1biliues of the hy­
brid sp..>cunens 'ersus the parental ones. 

Fmall) \1 e can conclude that the process of 
h)bridizauon 1s promoted m the Tension Zone. 
but only b.:m.:cn the parent l>pecJe,. because 
rcproducti1e barners already C\ISt m the hy­
bnd ... 
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