




































































































































































































































































International Oaks

unprecedented place oaks have assumed in these
disturbed forest landscapes. Cohorts of oak that
replaced chestnut over large areas in the region
are now reaching physiologic maturity and are
subject to the stress-mediated disease known
as oak decline. Forest cover will continue to
persist, but as oaks decline and die, mostly non-
oak species will exploit the newly available
space resulting in a new forest with a smaller
and less diverse oak component. Among the
forces guiding the development of this new for-
est are fire suppression and social values that
resist intentional forest disturbances providing
for conditions suitable for oak self-replacement.
Oaks will continue to be represented in the new
forest, which will be less susceptible to oak de-
cline, but some social values met by oak for-
ests (e.g. some wildlife habitat components,
economic value of timber) will 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 small twig may be an insignificant event, or it may be the first
sign of a fatal disease” (Strouts and Winter, 1994)

solation and identification of an unknown pathogen in urban

forest trees is not only a professional, but also an intellectual,

challenge. Whether planted or preserved from the preexisting flora, ur-
ban trees commonly undergo physical, chemical, biological, and environ-
mental stresses that produce intense strain and may confound early identifi-
cation of underlying pathogens when a disease becomes evident. This article
describes the effort to diagnose a new oak disease that was first noticed on a
few trees in Mill Valley, Marin County, California, but has now become a
widespread epidemic.

Progression of the Disease

In April 1995, an unusual dieback of 1anbark oak (also known as tanoak),
Lithocarpus densiflorus, was first noticed by homeowners in Mill Valley.
The University of California Cooperative Extension office in Marin County
received a call to investigate more than a dozen dead trees along a creek near
residences adjacent to the urban-forest interface (the area where wild lands
and urban areas meet). Along the valley beneath a canopy of large redwoods,
tanbark oaks of various sizes displayed brown foliage. Beneath the bark in
the root crown area of the largest tanbark oak were mats and strands of **shoe-
strings” which are typical of the oak root fungus, Armillaria mellea. Tan-
bark oaks are usually tolerant of this pathogen and can withstand some
drought. However, prolonged drought from 1990 to 1992, followed by very
wet years in 1993 to 1994, may have reduced the vigor of tanbark oaks to
such an extent that 4. mellea was able to infect and kill them.
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Figure 1. Only tanbark oaks show wilting/drooping of the new shoots

In June 1996 the Mill Valley Superintendent
of Parks requested reexamination of the dying
tanbark oaks. It was shocking to see the extent
of dying and dead trees. not only along the

Cre

¢, but also on the slope and along the crest
of a hill, Disease symptoms could no longer be
attributed 10 A. mellea. Some trees had wilted
new shoots (Fig. 1), suggesting occlusion of the
vascular system. The current-year foliage of

other trees had turmed yellow-green and new

shoots drooped, which is typical of trees with
root discase. Trees 12 to 20 inches in diameter

-ankers and heavy

were dead and had bleedir
infestations of ambrosia beetles, indicated by
piles of
trunks (Fig. 2a & b). Dead trees also had char-

ine white-to-tan sawdust on the lower

coal-black spherical fungal fruiting bodies on

bark surfaces. With the cooperation of a num-

Proceed December 2001

ber of arborists, horticultunsts, and
pathologists, intensive sampling of
affected trees was conducted in June,
August, and October 1996, Samples
of discolored tissues and wilted twigs
were sent to University of Califor-
nia and State laboratories. Most
reports failed to identify a prob-
able cause of the problem.

Suited to a wide variety
of soils, healthy tanbark oaks grow
to great size in coastal regions from
southern Oregon to Santa Barbara,
California. They reproduce natu-
rally, but few attain a large size in
commercial forests, where tanbark
oaks are considered weed species and
are often killed with herbicides
The leaves of tanbark oaks are simi-
lar to those of the chestnut, Casra-
nea dentata. Flowers appear in
May-June, producing a spectacular
display of creamy-yellow blossoms
I'he fruit takes the form of an acorn
similar to that of true oaks ( Quercus
“Could
the mysterious dieback and death

spp-). The question arose

be the dreadful chestnut blight
caused by Cryphonectria parasitica, or perhaps
oak wilt caused by Ceratocystis fagacearum?”
However, neither fungus was detected in labo-
ratory lesis.

In May 1997, the first coast live oaks.
Quercus agrifolia, began to die in Marin County
gardens. The timing and geographical location
of this dieback raised the possibility of a causal
link to the tanbark oak malady. The most no-
ticeable symptom of the live oak disease was
heavy attack by ambrosia beetles near the tree
base. It also was very clear that each tree that
had died was under stressful environmental con-
ditions, such as improper irrigation, landscape

changes, and soil compaction. The more coast

contd. on pg. 90
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live oaks that were examined, the more strik-
ing was the similarity of their symptoms to
those of dying tanbark oaks, especially the pres-
ence of heavy infestations by oak bark beetles
and ambrosia beetles and growth of a charcoal-
colored hemispheric fungus on the bark. There
were also, however, differences in symptoms,
Some young tanbark oaks died in the vicinity
of mature, dead tanbark oaks without notice-
able bleeding or beetle attacks, but young coast
live oaks were not being killed. A viscous ooze
near the base of the tanbark oak trees appeared
as large patches whereas only scattered drop-
lets of tarry ooze were found on coast live oak
trees (Fig.3 a & b).

In June 1997 two adjacent tanbark oaks that
were 6 inches in diameter and showed initial

ambrosia beetle attacks in Mill Valley were ex-
amined. The first tree had died during the pre-
vious winter; the second had yellow foliage with
typical wilted shoots. Both trees were uprooted
with a backhoe. Samples of necrotic or discol-
ored roots, inner bark, and cambium tissues
under the patches of ooze, and branches and
shoots that showed discoloration, streaks, or
staining were collected. Eight tissue samples of
different symptomatic areas from each tree
were sent to University of California and State
laboratonies. Three fungi, Daldinia concentrica,
Hypoxylon thouarsianum, and Diplodia
quercina, and one bacterium, Pseuodomonas
tolansii, were identified. None of these organ-
1sms was considered the primary agent of the
tree mortality.

Figure 2a. The white-to-tan sawdust pro-
duced by ambrosia beetles is visible on the
lower stem for several weeks or months
while reddish paprika-like sawdust pro-
duced by oak bark beetles lasts only a few
days.

Figure 2b (inset). The oak ambrosia
beetles ' egg galleries penetrate deep into
the sapwood

photos by author
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Figure 3a (right) Sucky liguid has
seeped out and dried and small, scat-

tered rarry globules appear on the

bark of the lower stem of coast live

L
Odx

Figure 3b (above) On tanbark oaks
the ooze is patchy
photos by author

Also in June 1997, a large dying live oak
that was heavily infested by ambrosia beetles
and showed extensive bleeding (scattered glob-
ules) near the base of the stem was examined.
Its roots, beginning at the root crown, were
traced out to over three feet. They were yel-
low and from them emanated a pungent vin-
egary-to-alcoholic odor. Root samples for iso-
lations, delivered to the plant pathology labo-
ratories at UC Berkeley and Davis revealed no
plant pathogens.

In June 1997, beetle-infested trunk sections
were removed from both tanbark oaks and coast
live oaks and placed in separate rearing cham-
bers to collect emerging beetles. In September,
samples were collected from both oak species.
The California Department of Food and Agri-

cultre laboratory identified three species of

beetles, Monarthrum scutellare, M. dentiger,

and Pseudopityophthorus pubipennis.

By the fall and winter of 1997 many trees

Proceedings / December 2

had died, and the Marin County UC Coopera-
tive Extension office was receiving numerous
telephone calls from concerned homeowners
and professionals.

Disease Characterization and Control

Because no causal pathogen could be impli-
cated in the dieback, which continued to ex-
pand, a control strategy was formulated in the
spring of 1998. It seemed probable that drought
followed by excessive rains had caused stress in
the affected trees, resulting in the buildup of
bark beetle and ambrosia beetle populations to
an epidemic stage in dying tanbark oaks. It was
thought that the new beetle generations not
only attacked tanbark oaks, but also shifted
their attacks to coast live oaks. A program of
preventive insecticidal sprays, combined with

ree

contd. on pg. 92
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health care (irrigation, cleaning of root crown
areas, pruning, fertilization). was initiated. This
control strategy was 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 increase in dead coast
live oaks from Mill Valley to Novato, and (b)
death of two black oaks, Quercus kelloggii, in
Novato. The symptoms on the black oaks were
almost identical to those on dying tanbark oaks
and coast live oaks.

Homeowners were delivering hundreds of
symptomatic wood and branch samples to the
UC Cooperative Extension office in Novato.
The problem became more complex and had
the potential to cause great economic and emo-
tional concern.

The word “epidemic™ began to be used
widely and the media were informed about the
problem. However, there was little agreement
on the definition or diagnosis of the problem
because new inconsistencies continued to
emerge. For example, bark beetle and ambro-
sia beetle infestations were considered the pri-
mary cause of death of mature coast live oak
and black oak, but only because these trees
were predisposed by environmental stresses.
However, the death of very young tanbark oaks
that had no ooze on their trunks and were not
attacked by beetles seemed to contradict the
involvement of insects as the primary cause. It
appeared that an unknown pathogen was trav-
eling from mature dead trees to kill these young
trees.

In the winter of 1999, El Nifio's wicked sis-
ter La Nifia was in retreat, but the number of
dying trees continued to rise. A homeowner on

Mountain View Avenue in San Rafael counted
316 dead trees, and asked bluntly, “What are
we going to do?” At the same time, an opinion
circulated that the oak dieback was a tempo-
rary phenomenon (a “natural cycle™) related to
climatic extremes. In June 1999 the California
Forest Pest Council met to assess the massive
death of oaks. Cooperating plant pathologists
uprooted a symptomatic tanbark oak tree and
collected samples of twigs, bark and roots. No
plant pathogens were recovered. Three “Pest
Alerts” (Svihra, 1999, 1999a and 1999b) were
printed. One was titled “Sudden Death of
Tanoak,” and the name to describe the syndrome
became “sudden oak death.” Plant pathologists
protested such a terminological “inaccuracy™,
while the media embraced not only the descrip-
tive name, but also its acronym, “SOD.” The
Marin County Cooperative Extension office
continued to be flooded with samples and re-
quests for “Pest Alerts™(15.000 were dissemi-
nated to professionals and homeowners).

In the meantime, ambrosia beetles expanded
high-density attacks from tree bases to the
middle and high portions of stems of dying coast
live oaks. Because of the epidemic, we had to
act. The most effective way to draw attention
to this emergency was by encouraging con-
cerned citizens to contact newspapers and
county supervisors. When tanoaks and coast live
oaks were dying as far south as Big Sur in
Monterey County , it was clear that the prob-
lem was no longer “local.”

Eventually Marin County Supervisors real-
ized that the economic and ecological impacts
of the dead trees, as well as the fire hazards
associated with them, ad been greatly underes-
timated. In January 2000 they appropriated
$5.000 to enable UC Cooperative Extension in
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control efforts. Plant pathologists and en-
tomologists suspected that a still unidenti-
fied pathogen was the cause of the problem.
Despite the elusive nature of the problem
and the method of spread from infected to
healthy trees, professional clientele and the
public needed guidance. Information offered
focused on insect control and implementa-
tion of plant health care (Palkovsky and
Svihra, 2000). Through the spring and sum-
mer of 2000 more than 30 local and re-
gional workshops were conducted to help
arborists, horticulturists, landscape contrac-
tors, and homeowners combat sudden oak
death. The professional community and the
public viewed a newly prepared
“*Homeowner’s Guide” favorably, and 6,000
copies were distributed. The guide’s impact
on the media was enormous: Sudden oak
death was featured on major national TV
networks and on the front pages of the Marin
Independent Journal, New York Times, Los
Angeles Times, USA Today, Chicago Tri-
bune, San Francisco Chronicle, and numer-
ous regional and local newspapers through-

photos by author
Figure 4. Cutting under the biack “tarry globules™ of

coast live oaks reveals patches of dead or dying inner
bark. The new Phytophthora fungus was found in tis- Out the state and nation,
sues showing margin lines Finally a scientific breakthrough came. Uni-
versity of California Assistant Professor of
Marin County to appoint a Task Force to ad-  Plant Pathology, David Rizzo, sampled infected
dress SOD in the county. Under the leadership  coast live oaks in China Camp Park, San Rafael,
of UC Cooperative Extension and the Marin  and on the same day returned to his laboratory
County Supervisors, the Task Force was staffed to make isolations from the tissue
with professionals as well as members of the samples. As it turmed out, this rapid processing
public. The Marin Community Foundation al-  of tissue samples was essential for recovery of
located $20.000 to support a Public Relations a new and previously unamed species of
Coordinator to establish mechanisms for di- Phyephthora. Previous samples (with a zone
rect professional/public/media communication  of necrotic tissue and dark resinous lines) that
of consistent and credible messages. Sudden oak  had been mailed or even hand-delivered had
death was put on state and national maps, even not revealed the cause of the problem (Fig. 4).
though the cause was not known. The Task Once this new Phytophthora was isolated from
Force also emphasized the importance of re- sample tissue it become clear that this patho-
search in providing information to mount a gen was an underlying cause of sudden oak death
timely response to the emerging and still unex- (McPherson et al., 2000). The species of
plained disease. Both the University of Cali- Phytophthora is still unknown, but seems to be
fornia and USDA Forest Service led an acceler-
ated research program to guide sudden oak death contd. on pg. 94
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of Phytephthora is still unknown, but seems to
be related to Phytophthora lateralis, the cause
of a deadly root disease of Port-Orford cedar,
Chamaecyparis lawsoniana (David M. Rizzo
and Matteo Garbelotto, personal communica-
tions). Now we know that this new disease has
a broad host range and seems to have an ex-
tremely adaptive biology. The oak infections
probably occur from the spores that are copi-
ously produced on the leaves of alternate hosts,
such as California laurel, Umbellularia
californica, and madrone, Arbutus menziesii.

Conclusions

At present no control method is available that
will alter the underlying disease process for this
new “SOD” Phytophthora. Expansion of re-
search will be crucial for identifying the incit-
ing species of Phytophthora and providing in-
formation needed to develop diagnostic
(sampling) procedures and treatment. The po-
tential for fungicides, other management prac-
tices, and wood disposal to mitigate the impact
of the disease is currently under investigation.
In vitro studies have demonstrated that some
fungicides have potential for slowing down or
preventing development of the underlying dis-
ease. This finding needs to be confirmed in the
field. Compounding the Extension Advisor’s
plight is general disagreement among research-
ers as to how to treat the magnificent oaks in-
fected with this new Phyrophthora fungus,
given that very few well designed studies have
been completed. Is it not a familiar story, pit-
ting researchers (who must favor long term stud-
ies) against Advisors (who provide timely prac-
tical advice with their reputations on the line),

impatient homeowners and politicians (who
favor short-term solutions)?
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From a Tiny Seed: Reforestation
Efforts in Turkey

by Nihat Gokyigit
Co-Founder and Deputy Chairman
TEMA

Below are comments by Nihat Gékyigit presented at the Conference about an almost unbe-
lievably ambitious project to plant 10 billion acorns in Turkey. Those of us that heard his address
were so impressed that we wanted to share it with the general membership, so below is the text
of Nihat's presentation Editor

Dear Conference Participants,

Mr. Kraca and | represent here today the TEMA Foundation of Turkey, which
is dedicated to preserving the natural environment. By way of brief introduc-
tion. Turkey is a country of 65 million people with a land area about two-thirds
the size of Texas. It is surrounded by water on 3 sides. Its land includes forests,
mountains, plains, beautiful coastal areas, rivers and lakes.

However, about 80% of it is subject to soil erosion and each year 1.4 billion tons
of topsoil are displaced because of erosion, and 550 million tons of it is lost, running
into lakes, reservoirs and the seas. As a result, Turkey’s agricultural production has
been falling and the number of livestock has been reduced. Impoverished small
farmers flock to the cities, forming shanty communities around them and thereby
causing immense socioeconomic problems.

As anywhere else in the world, much of the soil erosion in Turkey is the result of
over population and human activities: agricultural malpractice, conversion of forest
land into cropland, forest fires, deforestation through illegal timbering and overgraz-
ing. Faced with these overwhelming environmental problems, we established the
TEMA Foundation 8 years ago. TEMA is the acronym for Turkish foundation for
combating soil erosion, for reforestation and the protection of natural habitat. | real-
ize that the text of our name is a mouthful, but our goals are as ambitious.

To provide you with a broad overview of TEMA, we are today Turkey’s fastest
growing and largest Non-Governmental Organization (NGO), with already over
100,000 members, 580 regional managers, and around 100 scientists and legal advi-
sors who provide their time and expertise voluntarily for free. TEMA is also orga-
nized in Europe; it has 2500 members there, some of which are in the European
Parliament.

There are several ongoing activities of TEMA, ranging from the simple
continued emphasis on education and public awareness, to more ambitious ones
like rural development and lobbying for the revision of laws that are “unfriendly™

contd. on pg. 96
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to the environment. Another one of our coura-
geous programs is related 1o oaks. In antiquity,
Anatolia, the original name for modern Turkey,
was “a sea of oak forests”. Today there are 18
local species of oak in Turkey, each adapted to
the climatic and soil conditions of different re-
gions.

In order to alleviate the pressure on natural
forests and assist in erosion control, 2 years ago
we initiated a 25-year campaign, in collaboration
with the ministry of forestry, to sow 10 billion
acorns into the soil. Dear participants, you did
not hear me wrong! Our project aims for “10
billion acoms to meet the ground”. The first acorns
were put into the ground by our president in late
October 1998 in the gardens of his official resi-
dence.

This 25-year program is estimated to:

-. cover about | million hectares and

-. cost about 1.8 billion dollars

Where do we stand so far? In 1998 we sowed
about 200 million acorns. In 1999, due to the
earthquake disaster, this number reached only
130 million. In 2000, we estimate about 350
million acorns will be sown. This is indeed a
very ambitious program when you consider that
it will be primarily the undertaking of an NGO.

However, in order to carry out the project,
TEMA also recruits many other cooperators.
Besides the general public, TEMA has received
assistance from the private sector, some 25 lo-
cal governors, armed forces, universities. cler-
gymen, and people from all walks of life. What
is most gratifying is the support we get from
youngsters, especially school children.

The project has attracted worldwide interest,
as reforestation attempts of such grand scale are
rare. We are convinced that it is a very timely
measure at a time when the world is threatened
more than ever by carbon emissions. In fact,

Figure 1 (top). TEMA “kicks off " the Acorn Project with
a ceremony aftended by important dignitaries
Figure 2 (bottom). Folunteers are helping to plant acorns

throughour the country phetos by author

the EU Commissioner in Turkey has strongly
endorsed the project.

In closing, we are pleased to have had this
opportunity to inform you, dear participants,
of this ongoing project of ours. We would be
grateful to hear from you of any and all sugges-
tions, assistance. be it on advising or fiscal
manner for the promotion, or fustherment and
realization of our project. We have brought
along some leaflets, which are available for
your review. In anticipation of your support, |
thank for your kind attention and wish to leave
you a suggestion: please consider holding one
future conference in Turkey where TEMA
would be delighted to assist.
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Prescribed Fire and
Oak Regeneration

by D. H. Van Lear, Bowen Professor of Forestry, Clemson University
Clemson, South Carolina, USA

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

and

P. D. Keyser, Wildlife Biologist, Westvaco Corporation
Rupert,West Virginia, USA

xclusion of periodic surface fires from mixed hardwood stands in the

United States for over 70 years changed the character of forests grow

ing on good quality sites. Removal of fire from these ecosystems con-
tributed to the gradual invasion of oak stands by shade-tolerant. fire-intoler-
ant species into the understory and midstory. preventing successful establish-
ment of oak species on good quality sites. When canopy-gap type distur-
bances occur, well established oak regeneration is not available to develop
into mid- and upper canopy trees. If there is a major disturbance in the over-
story of these mixed stands, pioneer shade-intolerant species such as yellow-
poplar (Liriedendron tulipifera L.) out-compete oak regeneration and domi-
nate the next stand. Periodic underburning in mixed hardwood stands creates
conditions conducive for oak regeneration and establishment, but require a
relatively long regeneration period. We recently developed a shelterwood-
burn technique, which mimics the natural disturbance regime that histori-
cally favored oaks. It can be used on productive upland sites to enhance the
compelitive position of oaks in the advance regeneration pool. This paper
presents silvicultural guidelines for applying the technique and discusses sev-
eral options to meet management objectives of different landowners.

Introduction

Regenerating oaks (Quercus L. spp.) on productive upland sites has been a
major silvicultural challenge for decades in eastern hardwood forests. In the
dense shade of mature mixed-hardwood stands, oak seedlings and seedling

contd. on pg. 98
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sprouts do not develop into competitive stems

either because of poor initial establishment of
oak seedlings or the slow juvenile growth of

oak advance regeneration if present (Loftis
1983; Abrams 1992, Lorimer 1993, Lofiis and
McGee 1993). Overstory removal by either par-
tial or complete cuttings releases well-estab-
lished shade tolerant regeneration, such as red
maple, and facilitates establishment of fast-
growing shade intolerant seedlings like yellow-
poplar. Oak species generally become a minor
component or altogether absent on good qual-
ity sites as the new stand develops (McGee
1979; Abrams 1992; Lorimer et al. 1994).
Numerous researchers think this pattern of stand
succession is a relatively recent phenomena,
developing in the past 75 years or so, and is
tied to the exclusion of fire 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 briefly describe the fire his-
tory of the eastern United States and how oaks
adapted to frequent burning. Attempts to re-
generate oaks on good quality sites using pre-
scribed burning in relatively undisturbed ma-
ture stands will be discussed. Finally, we will
describe a new techniqueBthe shelterwood-bum
method—that has proved successful in regen-
erating oaks in the southern Piedmont. This new
regeneration method to regenerate oaks utilizes
partial harvesting, followed by prescribed fire
and mimics disturbance regimes that historically
favored oak.

Fire in the Eastern United States
After the Wisconsin glaciation peaked about
18,000 years ago and the Laurentide ice sheet
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Figure 1. Reduction of midstorviunderstory densities following three winter burns and one spring burn on

the Clemson Experimental Forest
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began to retreat, plant species gradually mi-
grated northward in response to the warming
climate. However, a factor other than the warm-
ing climate affected vegetative patterns that
were developing during this time. At least
12,000 years ago and during this warming pe-
riod, Indians arrived in the eastern United States
(Williams 1989; Bonnickensen 2000). Prior
to their arrival, lightning was the sole ignition
source with most fires occurring in the grow-
ing season. Indians used fire in all seasons and
vastly extended the influence of fire on vegeta-
tion throughout the eastern United States.

Demographers now estimate the Indian popu-
lation of North America at the time of Colum-
bus at about 18 million people (Dobyns 1983).
They lived in generally small villages, although
some towns had populations in the thousands,
and their agricultural fields occupied the more
productive bottomland sites along rivers. By
1500 AD, most eastern Indians were deriving
more than half of their sustenance from agri-
culture (Williams 1989). When they bumed
their fields to clear the stubble or burned along
their extensive river trail system, fires would
have burned along a topographic gradient from
mesic to xeric sites, ensuring that good quality
oak sites would have been burned on a frequent
basis.

Indians used fire for many reasons other than
land clearing for agricultural crops and to fa-
cilitate travel. They used fire for hunting pur-
poses, to stimulate berry production, to provide
wildlife habitat, and as a defense against en-
emies (Williams 1989; Bonnicksen 2000).
Through their widespread and frequent burn-
ing, Indians influenced the environment far out
of proportion to their population. Their use of
fire, a tradition subsequently carried on by Eu-
ropean settlers (Hudson 1976; MacCleery 1992;
Williams 1989), created an environment favor-
able for the establishment and maintenance of
oaks on good quality sites.

In the early 1900s, suppression efforts of the
U.S. Forest Service and state forestry commis-
sions began to be successful in reducing the fre-

quency, extent, and influence of fire (Van Lear
and Waldrop 1989: MacCleery 1992). As fire
was excluded, eastern forests changed dramati-
cally (Lorimer 1993; Abrams 1992). Shade-
tolerant and fire-intolerant species began to
dominate forest understories, overstory densi-
ties increased, and fire-sensitive species moved
upslope from moist coves to xeric slopes.

Why Fire Favors Oaks

Surface fires remove much of the mid- and
understory strata in mature mixed hardwood
stands, reducing shading and providing grow-
ing space for oak advance regeneratio. If such
regeneration is greater than 2 inch at ground
line, it is likely to survive burning by sending
up new sprouts. Spring fires are especially
effective in Killing these lower strata trees
(Barnes and Van Lear 1998), some of which
die gradually over a several year period. Fire
prepares a favorable seedbed for caching of
acorns by squirrels and jays (Darley-Hill and
Johnson 1981, Galford et al. 1989) and reduces
surface soil moisture, which discourages estab-
lishment of mesophytic species (Bames and Van
Lear 1998). Frequent burning may control in-
sect predators of acorns and new seedlings
(Galford et al. 1989). All these fire effects
create environments that favor oak regenera-
tion on better quality sites,

Oaks, like many other fire-adapted species,
encourage future surface fires because of the
nature of their leaf litter. Fallen oak leaves re-
main curly, creating a porous fuelbed for sur-
face fires. Unlike leaf litter of mesophytic spe-
cies which forms a flat mat upon compaction
and decays rapidly, oak leaf litter undergoes
little decay during the winter, even in regions
where snowpacks are heavy. Oak litter recurls
after snowmelt, once again creating a porous
fuelbed capable of carrying a surface fire dur-
ing the spring fire season (Lorimer 1989).

Because of the complexity of forest ecosys-
tems and the characteristics of fire (season, in-
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tensity, severity, fire-return interval, etc.), ef-
fects of fire in hardwood stands vary. Fires in
stands of mixed composition have occasionally
created oak-dominated stands (Roth and
Hepting 1943; Carvell and Maxey 1969), while
in other circumstances species composition in
young stands has been altered very little by fire
(Johnson 1974; McGee 1979; Augspurger et al.
1987).

Season of burning and fire intensity are im-
portant if oak regeneration is to be favored by
fire. Season of burning affects the sprouting
vigor of the plant. In the winter when root re-
serves of hardwood regeneration are highest,
hardwoods have the greatest ability to sprout.
In the growing season, root reserves are lower
and sprouting vigor is less. Fire intensity is criti-
cal because certain species, such as the oaks,
can survive higher intensity fires than their com-
petitors (Waldrop et al. 1987; Brose and Van
Lear 1998). Oaks tolerate fire better than most
competitors because oak sprouts originate
deeper in the soil because of acorn burial by
animals and hypogeal germination (Burns and
Honkala 1990; Hane 1998).

Fire is, of course, but one disturbance factor
that affects vegetation. Fire often works in com-
bination with other environmental forces, espe-
cially with wind or ice storms that break up the
overstory canopy. When the upper canopy is re-
duced or removed by wind or ice, ecosystems
are predisposed to fire (Myers and Van Lear
1998). Openings in the overstory increase inso-
lation and drying of the fuels created by the over-
story disturbance. The increased insolation also
favors growth of fine fuels which help carry sur-
face fires. Thus, as a result of overstory distur-
bance, fire was almost certain to occur because
human ignition sources were so plentiful.

Understory Burning to Encourage Oak
Regeneration

In the absence of periodic fire, fire-intoler-
ant and shade-tolerant species dominate the
growing space of mature mixed hardwood
stands on good sites in much of the eastern
United States. Oak reproduction, if present, is
not competitive in such settings. Because these
sites did regenerate to oaks early in the past
century and fire was much more prevalent in
the environment at that time (Williams 1989;
MacCleery 1992), it would seem plausible that
reintroducing understory fire into mature mixed
oak stands would encourage oak regeneration.
However, because of a long-standing profes-
sional bias against burning in hardwoods, for-
esters have been slow to study the possibilities
of burning to encourage oak regeneration.

Based on preliminary findings of a study in
the Piedmont of South Carolina, Van Lear and
Watt (1993) developed a theoretical silvicultural
prescription to encourage oak regeneration by
understory buming in mature mixed hardwood
stands near the end of the rotation. Barnes and
Van Lear (1998) continued this study and found
that one growing season burn was as effective as
three winter fires in reducing density of compet-
ing understory and midstory stems (fig. 1). The
number of oak rootstocks in the regeneration
layer was increased by buming; root/shoot ra-
tios of oaks were enhanced, and competitive
woody species decreased. Burning xerified the
surface soil, probably through increasing inso-
lation and reducing the mulching effect of the
forest floor, which favors oak over competitive
mesophytic species. There was little visible dam-
age to boles of overstory oaks from the fires, es-
pecially in the larger size classes, from these low
intensity fires.
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Since the Bames and
Van Lear paper, we have
burned the spring burn
plots for the second time.
The understory and
midstory strata have been
further reduced and there
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competitive size would be
present in the advance re-
generation. Such an ap-
proach is handicapped by
the expense and risks of
multiple prescribed fires,
making it a rather unat-
tractive option for many
landowners and managers.
if no ad-
vance regeneration exists
in a stand and prescribed
fires are feasible, periodic
understory burning pro-
vides a means to establish oak seedlings and
seedling sprouts, while reducing oak competi-
tors, thereby setting the stage for the following
technique.

stand.

Nevertheless, Figure 2.

The Shelterwood-Burn Method to
Regenerate Oaks

A shelterwood-burn method (fig. 2) has re-
cently been developed in the Piedmont of the

AR

6b. Overstory retained and additional 6¢. Repeat burning either stockpiles oak
fires withheld creates & two-age

Schemaric diagram of the shelterwood-burn technique
quality oaks; B = hickories, poor quality vaks, and yellow-poplars; C =
American beech, flowering dogwood, and red maple; D = mixed hardwood
regeneration dominated by yellow-poplar; and E = mixed hardwood regen-
eration dominated by oaks
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sprouts or creates an oak savanna

A = high

southeastern United States to enhance the com-
petitive position of oak regeneration in such
stands (Keyser et al. 1996; Brose and Van Lear
1998; Brose et al. 1999a). This method uses an
initial shelterwood harvest which removes
roughly half of the overstory basal area. All yel-

contd. on pg. 102
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low-poplars are removed in this first cut of the
two-cut shelterwood method, leaving the best
dominant and codominant oaks. Following the
initial shelterwood harvest is a 3- to 5-year wait-
ing period, during which time the advance re-
generation develops.

After this 3-5 year waiting period, a hot grow-
ing season fire is run through the advance re-
generation. This type of fire kills most of the
yellow-poplar regeneration and sets back many
of the other competitors. Oak regeneration is
favored because most of the oak seedlings/
sprouts survive the fire by resprouting from their
large root systems. Oak regeneration benefits
from burning not only because it has relatively
large root systems with large reserves of carbo-
hydrates, but because its sprouting buds are
protected from the heat of the surface fires due
to their hypogeal germination (Burns and
Honkala 1990). Squirrels and jays play an im-
portant role in burying acomns, ensuring that the
root collars of well established seedlings are
below ground.

Unless oak reproduction is relatively vigor-
ous and free-to-grow, i.e., straight stems with
large buds and at least 1.3 m tall with no major
competitors within 3 m (Nix 1989), it is un-
likely to compete well with fast growing spe-
cies. Oaks resist root kill by fire better than
yellow-poplar and other competitors, especially
as fire intensity increases (Fig. 3) (Brose and
Van Lear 1998). In our study of the shelterwood
burn technique in Virginia=s Piedmont, density
of free-to-grow oaks exceeded 800 stems/ha
with high intensity spring fires. In contrast, yel-
low-poplar density was greatly reduced (up to
90%) by spring burning with high intensity
flames. Winter burns provided little control of
yellow-poplar and, even with a high intensity

fire, oaks density did not reach 300 stems/ha.
Summer fires provided substantial numbers of
free-to-grow oaks, especially in the medium-
high intensity levels, High intensity summer
fires killed many of the smaller oak seedlings
while low intensity summer fires failed to con-
trol competition.

Fires do not burn uniformly over entire treat-
ment areas. This is but one reason why oak re-
production will not be uniform over an area
treated with the shelterwood-burn method. We
believe that if free-to-grow oaks exceed 370/ha
and 60% or more of the stocking plots have at
least one free-to-grow oak, the stand will re-
generate to a predominantly oak stand. If one
burn does not provide enough oak regeneration,
additional burns may be prescribed. In many
situations, decades of fire exclusion have al-
lowed oak competitors to become so firmly es-
tablished that oak regeneration may not be as
plentiful as desired. If more oaks are desired,
additional fires may be prescribed as dictated
by leaf litter accumulation. Oak dominance of
the advance regeneration will probably increase
with repetitive spring burning at about 2-year
intervals if such burns are deemed necessary.

Shelterwood Cutting vs. Clearcutting?
Would clearcutting followed in several years
by a hot spring fire be as successful in favoring
oak regeneration as shelterwood cutting? We
believe that a shelterwood cut is the essential
first step in this technique, for several reasons.
First, the shelterwood continues to produce oak
litter which creates the continuous fine fuel bed
necessary to carry the subsequent fire. Sec-
ondly, if clearcutting had been used, yellow-
poplar foliage, which decays quickly and lies
flatBthus a poor medium for carrying surface
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fires, would dominate the forest floor. Thirdly,
shading from the shelterwood prevents yellow-
poplar regeneration from growing so large dur-
ing the interval before burning that it could not
be killed by fire (Hane 1999).

The Waiting Period: Is it Necessary?

Why is it necessary to wait several years after
the initial shelterwood cut before burning? A
major reason for waiting is that, in the Piedmont,
vellow poplar is

2

The waiting period also allows logging slash
to settle and become less of a hazard to bumn.
If heavy logging slash from the initial
shelterwood cut rests against the bole of residual
trees, it should be lopped or pulled away to pre-
vent bole damage from flareups or long fire resi-
dence times when the area is burned. A clause
in the logging contract can easily take care of
this potential problem. Actually, the distance
between residual trees after the initial cut is gen-

usually the species
that develops most
prolifically follow-
ing a major stand
disturbance, such
as the initial
shelterwood cut.
Because its seed re-
mains viable for
years in the duff
and it is a pioneer
species, it grows
densely and vigor- ! b=
ously during the

% Mortality

¥ 2 8 8 8 ¥ 8 8
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first few years after
disturbance and
dominates the ad-
vance regeneration.
Intolerant competi-
tors of oak, such as
yellow-poplar, put most of their energy into top-
growth during this preburn period (Hane 1998).
Conversely, oak regeneration, which should be
present at the time of the initial shelterwood cut
if this technique is to succeed, puts a relatively
high proportion of its energy into root growth
during this interval between shelterwood cutting
and burning and, therefore, is able them to sprout
vigourously after burning. In the absence of the
forthcoming disturbance of buming, oak regen-
eration could not compete with the fast growing
yellow-poplar seedlings. Without this waiting pe-
riod, these differences in growth patterns that
affect species monality rates from the burn would
not exist.

in shelterwood stands.

Fire intensity

Figure 3. Morality (%) of hickory, oak, red maple, and yellow-paplar advance
regeneration as fire intensity increases within spring prescribed burns conducted

erally great enough that directional felling
should prevent most tops from being in close
proximity to boles of residual trees (Brose and
Van Lear 1998; Brose et al. 1999a). The wait-
ing period also allows residual overstory trees
to recover from the shock of the initial cut be-
fore they will be stressed again by burning.

Management Options with the Shelterwood-
Brun Method

The shelterwood-burn method is attractive
to landowners because the initial cut of the

contd. on pg. 104
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shelterwood method produces immediate in-
come. A small portion of the profit is then used
to pay for the prescribed burn. Removal of the
shelterwood after burning is at least as profit-
able as the initial cut because the best oaks were
retained and some probably increased in value
during the intervening years before final har-
vest. However, the shelterwood-burn method
can be used to accomplish objectives other than
timber managment (Brose et al. 1999).

The shelterwood-burn method can be used
by wildlife managers to sustain hard mast pro-
duction and provide palatable browse during the
regeneration period. The classic structure of the
shelterwood can be maintained while stockpil-
ing oak regeneration with periodic burns (Brose
etal. 1999b). Many upland game and non-game
species utilize the mast, browse, and cover ina
regenerating shelterwood (Brose et al. 1999b;
Lanham et al. 2000).

The shelterwood-burn method could be used
to restore fire-maintained ecosystems (Brose et
al. 1999b). Frequent growing season burns af-
ter the initial shelterwood cut would gradually
reduce the density and size of woody regenera-
tion. This treatment would create a hardwood
woodland or savannah, two habitats that have
become increasingly rare in the eastern United
States after decades of fire exclusion (Buckner
1983; Pyne 1982; Van Lear and Waldrop 1989;
Abrams 1992).

The shelterwood-bum method was developed
in the southern Piedmont of the United States.
Would the technique be successful in other
physiographic regions and on different sites?
Some research suggests that it would. In Wis-
consin, two spring bumns reduced densities of
sugar maple (Acer saccharum Marsh.) and hop
hornbeam (Ostrya virginiana (Mill.) K. Koch.)

by 80% on mesic sites, while density of north-
ern red oak (Quercus rubra L.) increased
(Kruger 1992). Repeated burning in oak-pine
communities on xeric sites in the Cumberland
Plateau reduced regeneration of red maple and
other non-oak species and promoted chestnut
oak (Quercus montana Willd.) regeneration
(Arthur et al. 1998). Ward and Gluck (1999),
in Connecticut, observed that burning several
years after a shelterwood harvest favored oaks
and reduced competition from birch and shrubs.
Hot fires in mountain laurel thickets in the
Northeastern United States that opened cano-
pies, i.e., a disturbance similar to a shelterwood
harvest, allowed oak reproduction to grow past
the dense shrub layer (Moser et al. 1996).

Conclusions

Until the early decades of the past century,
fire played a major role in maintaining oak-
dominated forests for millennia in the eastern
United States. As a result of fire exclusion, oak
forests on good quality sites have been in de-
cline for decades as more shade-tolerant spe-
cies gradually succeed oaks or shade-intoler-
ant species outgrew them after major upper
canopy disturbances.

Foresters have been reluctant to prescribe fire
in hardwood stands because of fire of damag-
ing boles of high-value trees. Thus, practical
silvicultural prescriptions using fire for oak re-
generation have been lacking. Periodic under-
story burning in mature mixed hardwood stands
creates environmental conditions which favor
oak regeneration. However, a number of bumns
over a decade or so are required for this method
to be successful.

A shelterwood-burn method has recently
been developed in the southern Piedmont of the
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United States which has proved successful in
regenerating oaks in mixed hardwood stands on
good quality sites. This technique reduces the
density and vigor of oaks competitors, espe-
cially if growing season bumns of relatively high
intensity are used. Oak regeneration allocates a
relatively high proportion of its energy to roots
following the initial shelterwood cut and sprouts
vigorously following the subsequent burn. It
mimics a disturbance pattern (i.e.. partial over-
story disturbance followed by fire) that has
shaped the composition of eastern forests for
millennia.

The shelterwood-bum method is economi-
cally attractive when timber production is the
primary management objective. However, the
technique also should be attractive for wildlife
managers who want to create two-aged stands
or maintain a shrub layer beneath a mature over-
story canopy. Ecologists may also be interested
in using a modified version of the technique to
restore open oak woodland conditions by bumn-
ing frequently in the growing season to favor a
herbaceous layer of warm-season grasses and
forbs.
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his work presents the results from a study of hybridization processes

in an area disturbed by man. Five different species of genus Quercus

coexist in this area (Q. coccifera L, Q. faginea subsp. broteroi (Coutinbo)
A. Camus, Q. lusitanica Lam., Q. rotundifolia and Q. suber L.).

In these areas, most of the possible hybrids among the species mentioned
before have been found. However. our study focused on those hybrids in
which Q. coccifera is a parent (0. coccifera X Q. faginea subsp. broteroi; O
coccifera X Q. lusitanica; Q. coccifera X Q. rotundifolia and Q. coccifera x Q.
suber).

The results have made it possible to evaluate how hybridization processes
are concentrated in contact areas between woods and cultivated lands, called
Tension Areas. The structure of the hybridization areas correspond to the
Mosaic model. The study of the factors which contribute to the hybridiza-
tion processes in the area show the following results:

1) There is a clear relationship between the number of hybrids and the
population of parental species available, as well as between the number
of hybrids and the size of the disturbed area.

2) Hybrids have less viability in their pollen grains than parental species.
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3) there is a gradient in the viability of pol-
len grains from parental species, with
greater viability in pollen grains from
specimens in contact with the hybridiza-
tion areas than in those which are distant
from these areas.

From the results it can be concluded that di-
versity at the site clearly contributes to the hy-
bridization processes, although there are physi-
ological barriers which slow down the expan-
sion of hybrids in the areas occupied by the spe-
cies.

Introduction

Hybridization processes in the Quercus ge-
nus are studied throughout the world (Huguet
del Villar, 1935; Hardin, 1975; Hy, 1895, Nixon
and Muller, 1993; Palmer, 1948; Jucker, 1952).
The problems in the identification of numerous
specimens belonging to the genus Quercus due
to the hybridization of particular species are
well known. Introgression problems make the
identification task even more difficult, as re-
ported in numerous works (Burger, 1975;
Coombes, 2000; Cousens, 1963; Lamant and
Sternberg, 2000; Potter, 1994).

In the South-west of the Iberian Peninsula it
is possible to identify the presence of at least
eight species of the genus Quercus L (0.
canariensis Willd., Q. coccifera L., O faginea
Lam., Q. lusitanica Lam., O pyrenaica Willd.,
0. robur L., Q. rotundifolia Lam. and Q. suber
L.). These species occur in numerous enclaves
where the weather, edaphic and management
conditions make possible their coexistence.
Hybrids are easily found in some areas where
several species of this genus appear (Vazquez.
1995; Vicioso, 1950).

It has been shown in different studies that
the structure of the woods and disturbance may
promote hybridization processes (Cruzan and
Armnold, 1993; Freeman et al., 1995). In the
woods of the South-west Iberian Peninsula,
Quercus are frequently disturbed by man and
occasionally by natural factors such as the fire.

Under such conditions, hybridization processes
have been studied in populations in which five
taxa of the Quercus genus coexist (Q. coccifera
L. Q. faginea subsp. broteroi (Coutinho) A.
Camus, Q. lusitanica Lam., Q rotundifolia Lam.
and Q. suber L.). These taxa have been strongly
disturbed by the destruction of the woods, in
order to use the land for farming or
stockbreeding. This work has focused on de-
termining some of the pre-embryonic barriers
within the parental species and hybrids that slow
down hybridization or introgression processes
in the population.

Material and methods

Study area - The area under study is a zone
with a great diversity of Quercus species. This
area is near the Valley of Santa Ana, in the south
of Badajoz province (Spain) (U.T.M.
29SPDY94), 650 m. above the sea level, 800 mm/
m* of the annual precipitation, 13.4°C annual
mean temperature and clay soil.

In this area it is possible to find at least five
different Quercus species. Human disturbance,
including cultivation with trees (olive), scrubs
(wine) and grasslands (oats and barley), has
been an element of the disturbance in the areas.

Hybridization area - The studied specimens,
including their distribution, abundance, mass
and size of disturbed surface areas, have been
calculated with a GIS, Pro XR model, Trimble,
with software incorporated (Pathfinder 2.11)
This has made it possible to draw the maps of
the studied areas and of the distances between
points (Trimble, 1998).

Once the study of each species and hybrid
was finished, the study of the hybridization area
took place, focusing on the models suggested
by authors such as Amold, (1993 and 1997):
Harrison, (1986 and 1990) and Howard (1986).
To reach the main aim, the distribution of the
number of hybrids was studied from the known
maximum distance in the woods of parental
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species (excluding Q. coccifera). The study of
the hybridization area structure is supplemented
with the graphic representation of the infor-
mation provided by the GIS, and the statistical
analysis of the data through the mean ten-
dency line (Snedecor and Cochran, 1980).

Apart from knowing the hybridization area,
the relation between the number of hybrids and
the available parental surface has been studied
(the structure and density of the parental masses
is the same for all the studied species, excluding
Q. coccifera L., 40-45 feet/ha and mean age of
100-150 years old). The number of hybrids
and disturbed surface areas available has also
been studied. Finally, the combination of these
two factors previously mentioned has also been
studied (parental surface plus disturbed surface)
versus the number of hybrids found.

The statistical analyses used in this study
have been lineal regressions between the stud-
ied parameters (Snedecor and Cochran, 1980).

Hybrid studies - Together with the Quercus
species, we also found different hybrids, includ-
ing the following: Q. ceccifera x Q.
rotundifolia; Q. coccifera X Q. suber; Q.

coccifera X Q. lusitanica; Q. coccifera X Q.

faginea subsp. broteroi; Q. faginea subsp.

broteroi X Q. lusitanica; Q. faginea subsp.
broteroi X Q. rotundifolia; Q. faginea subsp.
broteroi x Q. suber; Q. lusitanica X Q. suber
and Q. rotundifolia X Q suber.

The differentiation between the different
hybrids and their parents has been established
according to morphological characteristics,
such as the leaf, style, cupule, male flower and
acorn morphology. Samples of the material
studied were conserved in the herbarium of the
Investigation and Technological Service
(HSIA), with the numbers 4268 up to 4325.

There was difficulty differentiating and com-
pleting the study of all the hybrids . That is
why we selected only the hybrids of Q.
coccifera. These taxa have stable leaf charac-
teristics (limb morphology, petiole, presence
of hairs and marginal spines) and a clear period
of flowering. Other taxa, such as Q. faginea
subsp. broteroi, Q. lusitanica or Q. rotundifolia
have many variations in leaf morphology, pu-
bescence and margin, and introgression pro-
cesses are frequent. The small number of the
individuals of

Table 1. Distribution surface and number of hybrids (only with Q. coccifera) inside the studied area.

Taxa Surface occupation (ha) Number individuals
Q. coccifera 1,65 uncountable

Q. faginea subsp. broteroi 0,76 55

Q. lusitanica 0.01 8

Q. rotundifolia 6,28 uncountable

Q. suber 9,38 uncountable

Q. coccifera X Q. faginea broteroi = 1

Q. coccifera X Q. lusitanica o 2

Q. coccifera X Q. rotundifolia == L]

Q. coccifera X Q. suber = 29
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Figure 1. Distribution of the different forest species and hybrids found in the study area.

Scale 1: 250000, (see legend)
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Q. lusitanica and its hybrids (Q. coccifera x Q.
lusitanica) were also excluded.

Study of pollen - Together with the possible
phenological barriers, which might be present
among the species involved in the study, there
are others pre-embryonic barriers which deter-
mine the crossing possibility among individu-
als of different species of the genus Quercus.
The viability and fertility of the pollen grains
are elements that determine the individual’s
competitiveness inside the populations to trans-
fer their genes to new individuals and facilitate
crossing processes between species and /or hy-
brids.

The viability of pollen grains has been stud-
ied using the fluorescein diacetate technique
(Heslop-Harrinson and Heslop-Harrison, 1970)
In this case, the possible relation between the
fertility of the pollen grains and the distance

to the disturbed area of the masses was demon-
strated.

The statistical analyses used in this case was
lineal regressions among the studied param-
eters and ANOVA analysis contrasting means
using Turkey’s method (p<0.01), for the dif-
ferent studied taxa (Snedecor and Cochran,
1980).

Results

The following results have been denived from
the study of the area of each species and hybrid
(The position and direction, of the results ex-
pressed in table 5, appear in Figure 1)

In Figure 1 it can be seen that there are three
areas clearly differentiated by the types of hy-
brids: In the eastern side there are mainly hy-
brids of Q. rotundifolia and Q. coccifera. In

contd. on pg. 112
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the western side the most common hybrids are
those between Q. suber and Q.coccifera; and in
the centre of the subject area, there are hybrids
among all the species involved in the study,
except Q. lusitanica.

Hybridization area type

The results represented in Figure 2 were ob-
tained from the study of the structure in the hy-
bridization area for each parental species involved
in the study.

The results expressed in figures 2a, 2b, 2¢
and 2d, show that in all the cases the hybridiza-
tion are a mosaic model (Amold, 1997).

There are hybridization areas associated with the
copse isles left by man, alternated with cultivated
areas. Hybndization has taken place in most of the
stucy area. It has not been concentrated in a particu-
lar area.

Hybridization area analysis

As indicated in the material and methods sec-
tion, apart from the study of the hybridization
area structure, the relationships between the
total number and the parental surface available
were analyzed; as well as the surface in contact
with farming areas (disturbed areas). The re-
sults appear in figures 3, 4 and 5.

Figure 2. Distribution frequency graphics of different hybrids dependent on the distance in the parental
forests, for the hybrids a: Q. coccifera x Q. suber, b Q. coccifera x Q. rotundifolia; - Q. coccifera x Q.
faginea subsp. broteroi and d: Q. coccifera x Q. lusitanica.
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Figure 3. Lineal regression between the number of
hybrids (0. coccifera x Q. suber, Q. coccifera X Q.
rotundifolia, Q. coccifera x (. faginea subsp. broteroi
and Q. coccifera X Q. lusitanica) and the surface
occupied by their parents (Q. faginea subsp. broteroi,
Q. lusitanica, Q. rotundifolia and Q. suber).

Figure 4. Lineal regression between the number of
hybrids (Q. coccifera x Q. suber, Q. coccifera X O.
rotundifolia, Q. coccifera X Q. Jaginea subsp. broteroi
and 0. coccifera X Q. lusitanica) and the disturbed
surface available in the forest of their parents (Q. faginea
subsp. broteroi, Q. lusitanica, Q. rotundifolia and
O. suber).
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Finally the results found by comparing the
sum of the surface occupied by the parents
species plus the area in contact with the culti-
vated lands present in the small woods of the
parental species are presented.

The results expressed in the three previous
figures show that there are clear relations be-
tween the number of hybrids and the parental
surface available (r* =0,95), as well as between
the number of hybrids and the disturbed area
(r*= 0,87). However, the biggest relation (r2=
0,97) is found by adding both effects: the sur-
face occupied by the parental species plus the
disturbed area.

Pollen quality and hybridization process

Together with the study of the hybridiza-
tion area structure and its implications in the
processes which contribute or slow down the
appearance of hybrids, one of the barriers which
clearly limit the hybrids formation was also
studied: the viability of pollen grains.

The global study of the viability of pollen
grains in parental species and hybrids has pro-
vided the results expressed in Table 2.

The results expressed in table 2 show that
there are clear differences between the viabil-
ity of pollen grains from the parental species
and those from hybrids. The parents species

Figure 5. Lineal regression between the number of
hybrids (Q. coccifera x Q. suber, Q. coccifera X O
rotundifolia, Q. coccifera x Q. faginea subsp. broteroi
and Q. coccifera X Q. lusitanica) and the disturbed
surface available in the forest plus the surface occupied
by their parents (Q. faginea subsp. broteroi, Q.
lusitanica, Q. rotundifolia and Q. suber).
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present higher viability than those from the
hybrid specimens. Regarding the parent spe-
cies, differences were found. Pollen grains of
Q. coccifera had high viability (98.88), while
those of Q. faginea subsp. broteroi had moder-
ate viability (77,53).

Once the viability of pollen grains and the
hybridization area structure were known, the
viability of pollen grains of the parental spe

contd. on pg. 114
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cies was correlated with the distance to the
disturbed areas or hybridization areas. The re-
sults found in four of the parents species are
represented in figure 6 (Q. lusitanica has been

excluded since there was a reduced sample of

this specimen).

The results expressed in figures 6a, 6b, 6¢

and 6d, show, in all the cases, a tendency for an
increase in the viability of pollen grains as one
gets nearer to the areas disturbed by man, or to
hybridization areas.
In the cases of Q. rotundifolia, Q. coccifera and
Q. suber there are very clear relationships,
whereas Q. faginea subsp. broteroi presents
values for the r* of the regression are under 50%
(r*= 0.40).

Discussion and conclusions.

The study of the hybridization area structure
(area with the greatest quantity of hybrids) has
coincided with the areas in contact with the
small woods of the Quercus genus and the cul-
tivated lands. These results coincide with the
ones found in other studies such as the Lenz's
(1959) for populations of the fris genus or
Urbanska and Landdolt (1999) for Cardamine
in cultivated lands. The disturbance and diver-
sification of the environment in a habitat fos-
ters hybrids when there are at least two species
able to cross. The hybrid individuals are usu-
ally the ones which occupy the new areas suc-
cessfully, since they have a more varied genetic
heritage than the parents species from which
they came.

The particular study of the structure on which
the hybridization processes are organized in the
studied area has let us know that it corresponds
to the “Mosaic™ model purposed by Barton &
Hewit (1985). These results let us to conclude

that, on the whole study, there are the same
possibilities of producing hybrids. There would
not be barriers in the crossing between species,
or geographically in certain areas. These results
could be useful to confirm that there would not
be considerable pre-pollination or post-polli-
nation barriers between species, and particu-
larly between Q. coccifera and the rest of the
species. These results would confirm again the
previous contributions mentioned out in the in-
troduction about the easy tendency existing in
Quercus for hybridization (Hardin, 1975; Hy.
1895; Nixon & Muller, 1993; Palmer, 1948;
Tomlinson et al., 2000).

The specific study of the causes which makes
possible the hybridization process in the study
area has provided us with some interesting re-
sults to understand the hybridization process in
these species. There is a clear relationship be-
tween the disturbed area surface, the surface
occupied by parental species (there is the same
density of trees per unit in all the species crossed
with (. coceifera) and the number of hybrids
produced. These results are mostly consistent
with the ones exposed in Anderson’s theory
(1948) for hybrid habitats. Due to man’s man-
agement, some different and interrelated niches
have been created. These differ from the origi-
nal habitats occupied by species. This new situ-
ation contributes to the presence and perpetua-
tion of hybrids in all the areas under study. Ex-
amples like those found in our study have pre-
viously been published for other genera such
as Rubus (Wiegand, 1935), fris (Lenz (1959),
Salvia (Grant & Grant, 1964) or Cardamine
(Urbanska & Landolt (1999).

The model reflected in the results commented
on beforehand, fits the model of the Tension
Area (Armold, 1997; Barton, 1989). This model,
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Table 2, Viability pollen for fluorescein diacetate technigue {Heslop-Hamison & Heslop-Harmison, 1970) in
the parent species and hybrids (Q. co. x brot.: Q. coccifera x Q. faginea subsp. broteroi; Q. co. X suber: Q.
coccifera X Q. suber: Q. coccifera x Q. suber and Q. co. X Q. rot.: Q. coccifera x Q. rotundifolia). a, b, c;
indicate significant differences (ANOVA, Turkey: p <0,001). N: number of individuals studied.

Q. coccifera Q. [ broterni Q. suber Q. romndifolia | . co. X Q. brot. | @ co. X Q. suber | Q. co. X Q. rof
=2 n= 12 n=R w12 = 16 n= 12 n= 18
96,88:3.63 a 77.53£15.17b 91,64:591 ab 93,35:5.24 ab 4 TR 16 ¢ 3501424 55 ¢ 50862763 ¢

where species of the same genus are found liv-
ing in plant or animal populations, is favorable
for hybridization processes and others processes
indirectly linked to hybridization when these
species are disturbed by different phenomena
(man, fire, avalanche etc.). The Tension Ar-
eas in our case would coincide with the areas
named disturbed areas, hybridization areas, or
areas in contact with woods and cultivated
lands.

The last results did not offer a favorable view
for the hybrid specimens in the area under study.
There were all the conditions to stay in per-

manent niches without trees and even they
could have competed with parental species.
However, the space distribution in Figure | does
not offer this view. The hybrids gather in the
areas in contact with the small woods and the
cultivated lands (Tension Area). The analysis
of the viability of pollen grains for the studied
parental species and hybrids provides us a new
perspective of hybridization processes produced
in the area under study. The hybrids show a
viability considerably lower than the viability

f poll
ok ool contd. on pg. 116

Figure 6. Pollen grain viability in the different parents species (a: Q. rotundifolia, &: Q. coccifera, ¢ Q.
faginea subsp. broteroi and d: Q. suber) and relationships with the distance to hvbridization area (or contact

area with the cultivated lands)
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grains of the parental species. For some hy-
brids (Q. coccifera x Q. suber) the viability is
under 10%. These results demonstrate the limi-
tations of hybrids to transfer their genes, since
they have less reproductive possibilities than
the species. These data would partly coincide
with Muller’s (1952), and they would justify
the hybridization processes in the Quercus ge-
nus as a necessary mechanism for the evolu-
tion of the species.

The last study showed the tendency of all
the studied species (except Q. lusitanica and
included Q. coccifera), to increase the viability
of the pollen grains in the specimens close to
the Tension Area. It is a mechanism favorable
for the competence among the species to as-
sure their genetic heritage. This behavior has
been noticed in other tree genera such as Pinus
(Clausen 1965) or Eucalvprus (Ladiges, 1976).
According to certain authors like Grant (1989),
Amold (1997) or Urbanska & Landolt (1999)
in all plant and animal populations it is pos-
sible to find differences in the reproductive
behavior of some local breeds. These differ-
ences are associated with environmental char-
acteristics of their niche. In our case, the area
called Tension Area would be favorable for the
viability of pollen grains. in the parental spe-
cies, versus the hybrid specimens. slowing down
even more the crossing possibilities of the hy-
brid specimens versus the parental ones.

Finally we can conclude that the process of
hybridization is promoted in the Tension Zone,
but only between the parent species, because
reproductive barriers already exist in the hy-
brids.
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