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Notes from the Past President
 Eike Jablonski, Luxembourg

The 5th Triennial International Oak Society Conference, held in Texas, U.S.A., 
was another full success in our Society’s life. Some 80 participants from 15 coun-
tries and four continents attended the meeting and one or more of the attached pre- 
and post- conference tours. The immense work of organization was done by David 
Richardson alone, to whom we owe our deepest respect. Thanks for all the work 
connected with this conference organization, David! A number of participants ex-
pressed to me that the speakers program was extraordinary well chosen, both in 
subjects and in persons who presented their papers. Also the setting of the papers 
was mainly Dave’s work.

For me as outgoing president, it was a pleasure to open the conference with 
some awards, which have been granted to members of the International Oak Soci-
ety (see the following article). The awards show some of the many activities which 
members are undertaking behind the scenes. 

The Triennial Conference is also the time for board elections. Board terms 
come to an end with the end of a Triennial Conference. I would like to express my 
deep gratitude to the entire board which served for the society from our Winchester 
Conference in September 2003 to the Texas meeting in November 2006. Three of 
the board members are not continuing their work on the new board, and I would 
like to write a few words about their outstanding work here: 

First, I have to mention Dorothy Holley, from U.K., who was a busy board mem-
ber for two consecutive terms from 1997 onwards. Dorothy organized many things 
behind the scenes, especially in Britain, and was busy in supporting the Oak Society 
in many different ways. In 2003, she was, together with her husband Ron, one of the 
main organizers of the 4th Triennial Conference in Winchester. Today, even if not a 
member of the board anymore, she is still busy with society matters and voluntarily 
working at the Sir Harold Hillier Garden and Arboretum herbarium, which serves 
as the International Oak Society’s standard herbarium. Her beautifully arranged and 
mounted oak specimens are well known to visitors of the herbarium.

Further, Ana Mendoza, in Mexico, Professor of Ecology at the University of 
Mexico City, was our connection to Central and South America.  Ana’s knowledge 
of many oak enthusiasts in that part of the world was much appreciated, and she 
always contributed to the work of the board. She also arranged the recent work with 
the creation of our society’s pin, which was highly welcomed by the participants 
of the Texas Conference.

And last, Thierry Lamant from France, board member since 1997, and Vice 
President of the IOS from 2000-2003, was also timelessly active with society’s 
business. He arranged very many oak related events in France and nearby Spain, 
with his immense knowledge of people and of course, plants. Thierry arranged two 
Oak Open Days, in France and Spain, which have been very successful. Recently, 
he co-authored a new standard publication, which covers oaks worldwide.

My thanks do not go only to Dorothy, Ana and Thierry for their work. Despite 
that, I would like to express my deepest thanks to all board members with whom I 
have been so fortunate to work together the past three years. 
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A society is nothing without membership. The Oak Society has a very lively 
membership, with many members taking part at the various oak society events. 
They contribute in various ways to the society’s life; and one of the aspects is what 
you can read here, as many members did contribute presentations at the Texas 
Conference.

This issue of our annual publication International Oaks is the special Proceed-
ings volume which follows the Triennial Conference, containing all the wealth of 
information which was presented in Dallas.  Many of the articles deal with oak 
genetics, which will indeed be a major subject of research in the future.  Other 
papers treat various aspects of oak forestry and taxonomy. In all, you will find a lot 
of information about oaks in all aspects, due to the collaboration of those contribu-
tors who made a presentation in Texas. Thanks to our long term editorial team, 
Ron Lance and Guy Sternberg, who do the editing work in the excellent manner 
we know from them already. 

It has been a privilege for me to serve as your president the past three years. 
Thanks for your continuous support of the International Oak Society. As I said, a 
society is only as good as its members. Dick Jensen’s membership report in Texas 
stated that the number of members is on a slight decline.  To maintain the quality 
of our publications and other IOS business matters, part of the Oak Society’s work 
must increase its focus on promotion to get more members into the IOS - all of you 
can help by spreading the word to get more people interested in becoming mem-
bers. This is essential if we want to keep our Society standard high.

My best wishes to all of you, the new board, and to our new president Allen 
Coombes!

Eike Jablonski
President
International Oak Society
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The Oaks of Cottonwood Creek Canyon

Tim Buchanan
737 Blue Mesa Avenue

Fort Collins, Colorado, USA
E-mail tebuchanan@hotmail.com 
all photos courtesy of the author

Summary
Cottonwood Creek Canyon is located in southeast Colorado in the Black Mesa 

region and contains a highly diverse population of hybrid oaks (Figure 1). The 
creek is a small stream that flows intermittently through a steep canyon for 6.4 km 
before joining Carrizo Creek The 
canyon has steep rocky hillsides 
and cliffs with a few small open 
meadows (Figure 2). Igneous 
rock is intermingled in limestone 
outcroppings along the canyon 
hillsides and cliffs. 

No pure species of Quercus 
have been identified in Cotton-
wood Creek Canyon. The hybrid 
oaks found here clearly display 
characteristics that suggest mul-
tiple species introgression. Size 
and habit are highly variable in 
this oak population, and range 
from 1 meter tall shrubs with 
dusty green-blue-gray foliage on 
the rocky hillsides and cliffs to 
much larger oaks along the creek that include many multi-stem colonies 4.5-10.5 

m height, and two groves 
of larger single-stem 
trees to 74 cm diameter 
18 m height (Figures 3 
and 4). 

An objective of 
this project was to sug-
gest species of origin by 
closely examining the 
hybrid oak population in 
the canyon to see if spe-
cies characteristics could 
be recognized in the hy-
brids. It was assumed 
with a large population of 
oaks that if a species was 
significantly represented 
in the hybrid population 

Figure 1.  CCC - Cottonwood Creek Canyon.  
Closest current range of species of origin in the 
two complexes:  MA, Q. macrocarpa;  MU, 
Q. muehlenbergii;  ST, Q. stelatta;  MO, Q. 
mohriana;  GR, Q. grisea;  TU, Q. turbinella;  
GA, Q. gambelii;  HTU, hybrid Q. turbinella   

Figure 2. Form and habitats of the Q. undulata com-
plex Cottonwood Creek population and the Colorado 
Complex.
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then in at least 
some hybrids its 
morphologica l 
features would be 
recognizable. To 
aid in making this 
determination a 
large progeny test 
was also conduct-
ed.  Species could 
go undetected us-
ing these meth-
ods, but those 
recognized in the 
population could 
assist in future 
taxonomic work 
in this area. 

Additional objectives were to document the diversity and uniqueness of the 
oaks in Cottonwood Creek Canyon and to identify individuals that have horticul-
tural merit for asexual propagation.

Two distinct hybrid complexes were found in the canyon. The first includes 
the shrubs growing on the rocky hillsides and cliffs. The second includes small to 
medium size trees growing near the creek. 

The first complex described has been named the Quercus undulata complex 
(Tucker 1961) and includes the shrub oaks on the hillsides and cliffs (Figures 2 and 
3). The following species have been identified as part of this complex in Cotton-
wood Creek Canyon (Quercus grisea Liebm., Quercus mohriana Buckl., Quercus 
gambelii Nutt. and Quercus turbinella Greene.). Since the name Q. undulata com-
plex has also been used to describe hybrids and complexes in other regions that 
include some species that are not involved in the complex found in Cottonwood 
Creek Canyon, its use should be defined by which species are involved in different 
populations. Therefore oaks that have introgression from these four species are 
named in this paper the Cottonwood Creek population of the Q. undulata com-
plex. Other populations with different species should also be named.   Where hy-
brids between two species that have been described as members of the Q. undulata 
complex (Tucker 1961) occur they should not be referred to as Q. xundulata but 
should be appropriately named based on the rules of nomenclature. The holotype 
specimen of Quercus undulata Torr. was taken in 1820 along Ute Creek 160 km 
southwest of Cottonwood Creek and was later described as part of the Q. undulata 
complex (Tucker 1961). In addition to the Q. undulata complex found on the hill-
sides a few apparent hybrids of Q. grisea x Q. mohriana have also been identified 
in the canyon (Figures 7 and 8). Many of the Q. undulata complex oaks in the 
canyon have some characteristics that resemble Q. turbinella (Figure 6).  Surpris-
ingly no pure Q. gambelii was found, although it is an apparent component species 
of most of the hybrids in the canyon (Figures 4 and 9).

The second hybrid complex in the canyon has been named in this paper the 
Colorado complex, and includes small and medium trees growing near the creek 
(Figure 2). Most specimens have at least some characteristics that resemble Quer-

Figure 3.  Q. undulata complex 
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cus macrocarpa Michx. or 
Q. gambelii, but many also 
display characteristics that 
suggest introgression from 
other species. Some trees 
have characteristics that 
indicate Quercus stellata 
Wangenh. and Quercus 
muehlenbergii Engelm. 
introgression with Q. 
macrocarpa and Q. gam-
belii, resulting in a four 
species complex (Figure 
5). This complex has not 
been named before and 
is referred to as the Colo-
rado complex. There has 
been apparent crossing 
between the Q. undulata 
complex and some of the 
Colorado complex trees 
along the creek resulting 
in some very unique in-
termediates. In the tran-
sitional area between the 
low area along the creek 

and the canyon side are many oaks that have highly unusual leaf shapes and are of 
variable size. Oaks growing side by side in this zone are often very different. This 
transitional area is where some of the most interesting and variable specimens are 
found.       

The following seven species were detected in the hybrids of the canyon and 
in the progeny test. Hybrids and progeny were found with recognizable character-
istics toward these species. The two complexes include the listed species. Crosses 
between the complexes have occurred resulting in oaks with introgressions from 
all seven species.  

Quercus	undulata	complex
Colorado complex

(Cottonwood Creek population)

Quercus grisea Quercus macrocarpa
Quercus mohriana   Quercus gambelii
Quercus turbinella   Quercus muehlenbergii
Quercus gambelii   Quercus stellata

Other species may be involved but were not detected with the methods used 
in this study. Many of the oaks display characteristics of several species. The Q. 
undulata complex in the canyon appears to include Q. grisea, Q. mohriana, Q. 
turbinella and Q. gambelii. The Colorado complex oaks found near the creek have 
the greatest influence from Q. macrocarpa, Q. gambelii, Q. stellata and Q. mue-

Figure 4.  Colorado complex
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hlenbergii. Some also include introgression from the Q. undulata complex. The 
oaks in the transitional zone found between the habitats of these two complexes 
have the greatest diversity, and it appears they have a significant introgression from 
most of the species of origin found in the canyon, resulting in some highly unusual 
forms (Figure 2).   

The inclusion of Q. macrocarpa and Q. gambelii were to be expected and 
have been previously mentioned as involved species in the area (Buchanan 2005, 
Maze1968). Q. grisea-like specimens have been recorded in southeast Colorado 
and northwest New Mexico. Q. turbinella is found as the dominate member of 
a hybrid population near Canon City in central Colorado (Jennings 2001, Weber 
1996, Carter 2006). Its introgression is apparent in many of the Q. undulata com-
plex oaks on the hillsides in Cottonwood Creek Canyon (Figure 6). Q. mohriana 
has many characteristics similar to Q. grisea, and hybrids are reported forming is zones 
of association where limestone and igneous rock intermingle (Powell 1998). Appar-
ent Q. grisea x Q. mohriana have been found in the canyon (Figures 7 and 8).

Q. muehlenbergii is found west of the Great Plains in New Mexico. Some 
hybrids in the canyon clearly display intermediate characteristics toward Q. mue-
hlenbergii (Figure 5).       

Figure 5.  Leaf samples from Colorado complex trees in Cottonwood Creek Can-
yon toward the four species of origin. Top to Bottom:  Row 1, toward Q. macro-
carpa;  Row 2, toward Q. gambelii;  Row 3, toward Q. muehlenbergii;  Row 4, 
toward Q. stelatta 
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The most unexpected species to be detected in the hybrid trees along the creek 
(Colorado-complex) is Q. stellata. Q. stellata today is found 304 km southeast of 
Cottonwood Creek in west Texas. Some have suggested its involvement in the west 
but clear morphological evidence has not been previously documented. Some of 
its characteristics have been observed in intermediate form in trees at several loca-
tions along the creek. The expressions of intermediate characteristics of Q. stellata 
are generally not as frequent or obvious as that of Q. macrocarpa, Q. gambelii or 
Q. muehlenbergii. A few trees along the creek were identified that appear to have a 
significant amount of introgression from Q. stellata. Some progeny also display its 
intermediate characteristics (Figure 5). More research and review is recommended 
on the involvement of Q. stellata in the canyon and surrounding areas.

The involvement of the seven species can only be explained by the climate 
change the region has experienced over the last 15,000 years. There are habitats in 
the canyon that appear to be suitable for all of the species. Therefore temperature 
and moisture levels would have needed to be different in the past to explain their 
presence. The genetic involvement of a species in the canyon could be explained 
by its previous presence or its arrival as a hybrid. 

The continually changing climate over the last 15,000 years allowed species 
to migrate and then resulted in their elimination. After the last glacial period the 
climate warmed and remained wet enough to allow migration of the species of 
origin to the canyon by around 9,000-8,000 ybp (Barnes, Zak, Denton and Spurr 
1998). Selective pressure occurred after about 7,000 ybp from additional changes 
in the climate that were first hotter and dryer than today, and then became colder 
approaching today’s climate (Anderson 1993). The ability of oaks to form hybrids 
resulted in two complexes that are adapted to the current environment, but that 
none of the parent species of origin could survive and reproduce in (Figure 1). Spe-
cies were eliminated and hybrids with the best adaptability to the climate change 
survived and crossed with other surviving hybrids resulting in the oaks complexes 
found today.  

Some of the most interesting hybrids that have horticultural merit have been 
identified and presented. To capture their unique attributes they will need to be 
asexually propagated. Locations and pictures are available from the author.   

Introduction
 Cottonwood Creek Canyon is located on the border of Baca and Las Animas 

counties in southeast Colorado. The canyon is 6.4 km in length and located around 
16 km north of where the states of Oklahoma, New Mexico and Colorado touch. 
Cottonwood Creek is at the east edge of an extension of mesa-lands that extends 
144 km east from the Rocky Mountains in a band about 32 km wide. The High 
Plains are adjacent to the mesas around the canyon and are found to the north, east 
and southeast of Cottonwood Creek. To the south and southwest are highland areas 
in northwestern New Mexico and extreme western Oklahoma that include some 
oak habitats (Figure 1).

The canyon is 1,470 m elevation and is located in USDA hardiness zone 6a. It 
has a growing season of 170 days and has experienced an extreme winter low of a 
negative 35 degrees C in modern times. The creek runs intermittently through the 
canyon and during the summer season is very shallow and not more than 3 m wide. 
There are a few natural springs that flow into Cottonwood creek from the sides 
of the canyon. The canyon rocks and cliffs are limestone with dark igneous rock 
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intermixed. Lava covered parts of the area in the past. The soils are mostly alkaline 
(6.9-7.7 pH) and are generally a sandy loam. Cottonwood Creek flows southward 
through the canyon into Carrizo Creek, which flows into the Cimarron River .Other 
species of trees besides oaks found in the canyon include: (Pinus edulis Engelm., 
Juniperus scopulorum Sarg., Juniperus monosperma Engelm., Salix amygladoides 
Anderss., Populus deltoides var. monolifera Ecken., Sapindus drumondii Hook.& 
Arn., Celtis reticulate Torr.). 

The oak populations in the canyon were easily identified as being all hybrids 
at the beginning of this study in 2002. This was a simple determination based the 
high degree of variability between individuals, and that hybrids toward species did 
not have enough of the species characteristics to be identified as that species. The 
highly unusual foliage forms indicate that several species are introgressed in some 
individuals.

The oaks growing in the upland areas on the rocky hill sides and cliffs are 
generally dusty green-blue-gray in color, 2 meters of less in height and have habits 
of single clumps or suckering colonies (Figures 2 and 3). The leaves are small and 
highly variable. Some have undulate margins and most have a few lobes or serra-
tions with small spines.

The oaks that occupy the area along Cottonwood Creek are 4.5-10.5 m tall 
with many suckering stems or with a single-stem, and two groves of several larger 
single-stem trees that are 56-76 cm diameter 12-18 m tall (Figure 4). Introgression 
from the oaks on the hillsides is apparent in some of the oaks near the creek.

The oaks in the transitional zone at the base of the canyon range from 2-5 m 
in height. They display some very unusual leaf shapes and are highly variable be-
tween individuals, which suggests significant amounts of introgression from mul-
tiple species. Each hybrid in this zone has its own unique characteristics. Their lo-

Figure 6.  Q. undulata complex specimen toward Q. turbinella
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cation between the upland and lowland oak populations indicates that they include 
genes from both the Q. undulata complex and the Colorado complex.

Methodology
To identify possible species of origin the hybrid population was selectively 

examined to see if individuals were distinctly toward species. The evaluation in-
volved looking at as many of the oaks in the canyon as possible. The larger speci-
mens near the creek (Colorado complex) were easy to access and most of these in 
the 6.4 km canyon were examined. The two groves of larger single-stem trees were 
looked at in great detail. Random samples of the Q. undulata complex growing on 
the hillsides were evaluated. Most of the oaks in the transitional zone between the 
habitats of the Q. undulata complex and Colorado complex were evaluated.  Many 
samples were taken of foliage and twigs as well as several hundred photographs. 
Not only were hybrids checked to see if they were toward species, but were also 
examined for all characteristics. All above ground portions were examined. The 
habitat where different types and forms of each complex were found growing was 
noted. 

 Three of the largest single-stem trees were selected as seed trees for a progeny 
test. In all over 250 seedlings were grown. Most seedlings were started in 2003 but 
some were grown each year since then. A few have also been grown from other 
trees, and from the Q. undulata complex on the hillsides. Progeny were evalu-
ated to see how they sorted to possible species of origin. Individual progeny were 
identified that were closest in characteristics to species. Many foliage samples and 
photographs were taken of progeny.

To help in the evaluation of Q. turbinella introgression specimens from the 
canyon were compared to specimens and progeny grown from a different source in 
central Colorado near Canon City where hybrids towards Q. turbinella are known 
to occur. 

Photographs of Q. mohriana provided by David Richardson were used to aid 
in the evaluation introgression of this species. Pictures of samples of Q. grisea 
from New Mexico State University were used to compare to specimens toward 
Q. grisea.

Several manuals were used for the species descriptions. The various descrip-
tions were compared and used to establish species characteristics that were used in 
evaluating intermediate characteristics in hybrids.  

Hybrids were identified that have very appealing characteristics and should 
be considered for asexual propagation. Locations of these oaks with horticultural 
merit were noted and pictures and samples were taken.

Discussion
The oaks growing in the upland areas long the rocky hill sides and cliffs have 

been identified in this paper as the Cottonwood Creek population of the Q. undu-
lata complex, and include the following four species (Q. grisea, Q. mohriana, Q. 
gambelii and Q. turbinella). They are generally dusty green-blue-gray in color, 
2 meters of less in height and have habits of single clumps or suckering colonies 
(Figures 2 and 3). The leaves are small and highly variable. Some have undulate 
margins and most have a few lobes or serrations with small spines.  

Considering that apparent Q. grisea x Q. mohriana have been found in Cot-
tonwood Creek Canyon the involvement of these two species in the Q. undulata 
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complex of the canyon is expected (Figures 7 and 8). “Where Q. grisea and Q. 
mohriana come in contact, some hybridity usually results. Inasmuch as the species 
are quite similar in appearance, it is an almost impossible task to assign names to 
some of these intermediates. Q. mohriana is rather strictly confined to limestone 
outcrops where Q. grisea occurs principally on igneous slopes but may also range 
onto limestone locally” (Muller 1951). “Hybrids are sometimes formed where 
limestone and igneous substrates come in contact” (Powell 2003). 

Introgression from Quercus havardii Rydb. in the Q. undulata complex of this 
area has been questioned (Jennings 2001). The lack of its habitat and the dusty 
green-blue-gray color of the Q. undulata complex are arguments against its in-
volvement in hybrids of the mesa-lands of southeast Colorado, western Oklahoma 
and northeast New Mexico. Q. havardii is found 288 km to the southeast on the 
border of Texas and Oklahoma in deep sandy soils. It is possible that Q. havardii 
could have occupied suitable habitat near the canyon in the past, or been part of 
hybrids that moved into the canyon. It was not detected as a species of origin with 
the methods used in this study

Quercus pungens Liebm. has been suggested as a possible component of the 
Q. undulata complex. It is a polymorphic species, and descriptions in the literature 
and herbarium material for Q. pungens are not very consistent. It has some of the 
characteristics of Q. turbinella, but the lobbing can be much deeper. The near-
est recorded Q. pungens are 560 km to the south in the Guadalupe Mountains. 
The leaves of Q. pungens are lustrous green on the upper surface and sandpaper 
like to the touch on both surfaces (Stein, Binion and Acciavatii 2003).  It does 
occupy a habitat somewhat similar to that of the Q. undulata complex. Because 
Q. pungens superficially resembles many specimens in the Q. undulata complex 
it would be difficult to determine morphologically if introgression has occurred. 

Figure 7.  Q. grisea xQ. mohriana specimen toward Q. grisea 
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Neither hybrids nor progeny were found that clearly indicated introgression from 
Q. pungens.             

Interestingly there is not much mention in the literature of introgression from 
Q. turbinella in the Q. undulata complex of southeast Colorado, western Okla-
homa and northeast New Mexico. The undulating and twisting leaves of some 
Q. undulata complex oaks in the canyon and the small outward pointing dentate 
points, which are strong morphological indicators of Q. turbinella, cannot be ex-
plained by the other implicated species. The dusty green-blue-gray leaf color of 
the Q. undulata complex in the canyon could also be influenced by Q. turbinella. 
A population of Q. turbinella with some introgression from other species is found 
near Canon City 216 km northwest of Cottonwood Creek. A few of the Q. undulata 
complex oaks are very similar in leaf morphology to pure Q. turbinella (Figure 6). 
Many of the Q. undulata complex in Cottonwood Creek Canyon display Q. turbi-
nella intermediate characteristics.     

The oaks that occupy the area along Cottonwood Creek have been identified 
as the newly named Colorado complex that includes the following four species (Q. 
macrocarpa, Q. gambelii, Q. muehlenbergii and Q. stellata) (Figure 4). They are 
4.5-10.5 m tall with many suckering stems or with a single-stem, and two groves 
of several larger single-stem trees that are 56-74 cm diameter 12-18 m tall. The 
leaves of many of these oaks have at least some characteristics associated with 
Q. gambelii or Q. macrocarpa, but many specimens appear to have introgression 
from other species. Some display intermediate characteristics of Q. stellata and Q. 
muehlenbergii. Introgression from the Q. undulata complex in some of these trees 
is also apparent. Most of the larger oaks in this region have previously been called 
Q. gambelii x Q. macrocarpa (Buchanan 2004, Maze 1968), but Q. muehlenbergii 
and Q. stellata have been identified as being introgressed with Q. macrocarpa and 
Q. gambelii in Cottonwood Creek Canyon.

Figure 8.  Q. grisea xQ. mohriana s
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The oaks in the transitional zone at the base of the canyon sides range from 2-5 
m in height. They display some very unusual leaf shapes and are highly variable 
between individuals, which suggests significant amounts of introgression from 
multiple species. Each individual in this zone has its own unique characteristics. 
Their location between the Q. undulata complex and the Colorado complex indi-
cates that they include genes from both complexes.  In many places in the canyon 
the change in characteristics from the Colorado complex in the lowland areas to the 
Q. undulata complex in the upland areas progresses in the pattern of a cline.  By 
determining the species of origin for the two hybrid complexes the mix of species 
in the transitional zone can be suggested.

Quercus	macrocarpa
The characteristics used to determine Q. macrocarpa introgression were tree 

size, leaf lobbing and fringed acorn cap. Q. macrocarpa has one pair of sinuses 
deeper than the others, with the upper portion of the leaf shallowly lobed and larger 
than the deeply lobed lower portion. The lower lobes can include 2-3 pairs. The 
leaf is 10-30 cm length and 7.5-15cm wide.  The acorn cap has awn-like scales that 
are long at the top of the cap. Mature size is a medium to large single-stem tree 
with stout branching.

Many specimens along the creek had larger leaves with lobbing toward Q. 
macrocarpa (Figure 4). A few of the progeny had foliage that was an excellent 
match to bur oak, and many had several intermediate characteristics of Q. macro-
carpa. A few trees were found that had a small fringe at the top of the acorn cap. Q. 
macrocarpa is clearly a species of origin in the Colorado complex. 

Q.	gambelii
The characteristics used to determine Q. gambelii introgression included size, 

suckering habit, leaf shape, leaf lobbing and leaf color. The lobes of Q. gambelii 
are approximately equal depth and some are alternate. The leaf is about twice as 
long as wide. The length can range from 5-8.5 cm. The leaf color is a light green. 
The twigs are reddish brown with few lenticels. Many of the specimens in the can-
yon and test progeny clearly displayed these characteristics in intermediate form 
(Figures 4 and 9).

Q. gambelii in the central Rocky Mountains has been described as a small 
colony forming shrub 1-2 m tall that occupies a habitat on the hill sides and ridge 
tops (Buchanan 2005). It is common in the low and mid-elevation mountains in 
much of the southern half of Colorado. Q. gambelii is not found in the canyon, 
which is at 1,470 m elevation. It seldom occurs below 1,800 m at this latitude. 
There appears to be suitable habitat for it on the hillsides. The middle Holocene 
maximum temperatures would have pushed it to higher elevations. Not finding 
pure Q. gambelii is difficult to explain. The climate change of the last 7,000 years 
doesn’t appear to have included extremes that would have eliminated it. The eleva-
tion may be too low and moisture levels slightly to dry for it to occupy the rocky 
hillsides and cliffs. The transition from Q. gambelii to the Q. undulata complex oc-
curs about 144 km west of the canyon at a higher elevation closer to the base of the 
Rocky Mountains (Figure 1). Apparently hybrids were formed with Q. gambelii 
to the west and south and migrated into the canyon. Q. gambelii is the component 
species that gives the Q. undulata complex its cold hardiness and the Colorado 
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complex its drought tolerance. Q. gambelii is a likely a component species to all 
the hybrid oaks in the canyon. 

It obviously is a dominate species in the Colorado complex found near the 
creek, and is clearly part of the Q. undulata complex on the sides of the canyon 
(Figures 4 and 9).  

Quercus	muehlenbergii
Many trees near the creek display Q. muehlenbergii intermediate characteris-

tics in leaf and twig morphology (Figure 4). The leaf shape of chinquapin oak is 
distinctly different than the other three species that comprise the Colorado complex 
(Q. macrocarpa, Q. stellata, and Q. gambelii). This makes it fairly easy to identify 
its introgression. Its bark is light gray, thin and scaly. Q. stellata can have bark that 
is similar to that of Q. muehlenbergii.  

The primary characteristic used in determining Q. muehlenbergii introgres-
sion was leaf shape. The intermediate expression of a pointed apex with numerous 
course teeth along the margin that are gland tipped with the tip curved toward the 
apex were found in several hybrids growing near the creek (Figure 4). Slender 
hairy twigs were found on many of the trees that had leaf morphology toward Q. 
muehlenbergii. Bark that is light gray, thin and scaly was found on some of the 
Colorado complex trees.

Q. muehlenbergii characteristics occur regularly in the Colorado complex oaks 
along Cottonwood Creek. It strength of introgression indicates that it occurred in 
the canyon in the past. Today chinquapin oak is found west of the Great Plains in 
the Capitan Mountains of New Mexico 520 km southwest of Cottonwood Creek 
Canyon. It is also found in western Oklahoma 336 km to the southeast of Cotton-
wood Creek Canyon in Oklahoma (Figure 1).          

Figure 9.  Q. undulata complex specimen toward Q. gambelii
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Quercus	stellata
Finding intermediate characteristics of Q. stellata was the most surprising of 

any species detected (Figure 4). Its level of introgression appears to be more vari-
able in the Colorado complex oaks along the creek, than that of Q. macrocarpa, Q. 
muehlenbergii and Q. gambelii. 

The range of leaf shapes that can result from the Colorado complex is highly 
variable. Where Q. stellata introgression is strong the following intermediate char-
acteristics may be found. The leaf base will be U-shaped, and some broadly U-
shaped in trees with the strongest introgression. The cruciform leaf shape will be 
apparent with 3-5 lobes. Some specimens will have a shiny leaf surface. On some 
trees the leaf width to length ratio will be ¾ which is greater than Q. gambelii or 
Q. macrocarpa. The terminal lobe may be extended on a thin segment of the leaf 
with parallel sides. Some may have a thumb shaped terminal lobe. Lobes will tend 
to be rounded with few secondary lobes. The petiole will be 12 mm or less on some 
leaves (Figure 4). Other Q. stellata characteristics that may be found in intermedi-
ate form are a thick and leathery leaf, with pubescence on the petiole, buds, twig 
and leaf underside. Some specimens may have leaves with some red fall color. The 
bark can be light colored and scaly.         

The closest current range of Q. stellata to the canyon is 304 km southeast in 
west Texas in a zone that is a little wetter and significantly warmer in winter than 
the canyon today (Figure 1). Where it is found in the driest part of its range in 
northwest Texas it receives 56 cm of annual precipitation. Cottonwood Creek Can-
yon receives 43 cm of precipitation per year. Q. stellata prefers sandy soil, which 
is the type of soil found in the canyon. The northwest Texas Q. stellata occupy 
soils of alkaline pH and have formed hybrids with other oaks of that region. For Q. 
stellata to occupy the canyon it is assumed that it needed to be warmer and a little 
wetter than today. It is possible that hybrids with Q. macrocarpa, Q. muehlenbergii 
or Q. gambelii could have formed to the south and then migrated northward. A 
specimen from the caprock population near Roswell, New Mexico 416 km south 
of Cottonwood Creek Canyon that is growing in the City Park Arboretum in Fort 
Collins, Colorado is toward Q. macrocarpa, but appears to also have intermediate 
characteristics of Q. gambelii, Q. muehlenbergii and Q. stellata.

The morphological evidence for Q. stellata is apparent in some trees but not in 
most. A few trees display distinct intermediate characteristics of Q. stellata. Many 
display only a few characteristics, such as producing a few terminal leaves that 
resemble the species.    The progeny test indicated that its level of introgression 
is low in the three selected seed trees, but its level of introgression appears to be 
higher in other trees in the canyon.

Quercus	grisea and Quercus	mohriana		
There where 10 hybrids found in the canyon that appeared to be Q. grisea x 

Q. mohriana. They were easy to identify in the hybrid population because they 
are the only oaks that have entire leaf margins. Some of these hybrids appeared 
closer to each parent species and others were more intermediate (Figures 7 and 
8). A specimen was found that had characteristics very close to Q. grisea, except 
for its suckering habit and densely tomentose twigs. Q. grisea and Q. mohriana 
have formed hybrids in other areas where they come in contact. Q. mohriana is 
reported to prefer limestone soils and Q. grisea those of igneous origin (Powell 
1998). Where these soil types intermingle suitable habitat can be found for both 
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species. The soils of the canyon are both limestone and igneous. These species 
have similarities and when hybrids are formed it is extremely difficult to separate 
each species from the hybrids (Muller 1951). Q. mohriana is a shrub or small tree 
that can sucker and form colonies. Q. grisea is a tree but can also occur as a shrub. 
All of the 10 apparent Q. grisea x Q. mohriana where medium to large shrubs and 
a few had stems 15-20 cm diameter. They are generally larger than the Q. undulata 
complex in the canyon. 

The characters used to determine if a hybrid was toward Q. grisea or Q. mohri-
ana included upper leaf surface color, leaf shape, leaf base, petiole length and de-
gree of tomentum on the underside of the leaf and on the twigs. Q. grisea can have 
an ovate leaf with a cordate base. The leaf is a dull gray and the petiole can be up to 
10 mm. Q. mohriana tends to have leaves that are oblong or elliptic with rounded 
apices and bases. Petioles are short 2-5 mm. The upper surface can be dark green 
but there are also forms that are blue-green. The lower surface is densely gray or 
white tomentose as are the twigs (Figures 7 and 8). 

The few Q. grisea x Q. mohriana hybrids found might be explained by the 
cooling of the climate over the last 5,000 years. The region appears to have cooled 
by as much as 1-2 USDA hardiness zones during this time (Tucker 1993) (Cottam, 
Tucker and Drobnick 1959). The extreme winter lows may be as much as 8-11 
degrees C colder than during the middle Holocene temperature maximum. A few 
individuals might have survived this selective pressure by having a greater cold 
hardiness. Today they would be expected to be found in small groups as relics. This 
is the pattern of their occurrence in Cottonwood Creek Canyon.

The involvement of Q. grisea in the Q. undulata complex has been established 
(Tucker 1961) and is obvious in observing the Q. undulata complex oaks in the 
canyon. A specimen was found that was clearly toward Q. grisea.  Therefore Q. 
grisea has been confirmed as a species or origin in the Q. undulata complex. Q. 
mohriana is typically more of a plains species but it does occur in some habitats 
similar to that of the canyon where limestone rock is present. Hybrids between Q. 
mohriana and Q. grisea have been identified in the canyon and there are examples 
in other regions of Q. grisea and Q. mohriana forming hybrids where limestone 
and igneous rock intermingle. Q. mohriana has also been determined to be a spe-
cies or origin in the Q. undulata complex in the canyon.    

Quercus	turbinella 
Many of the Q. undulata complex oaks in the canyon appear to have distinct 

intermediate characteristics of Q. turbinella (Figure 6).  Several characteristics 
can be used in interpreting its introgression in hybrids. The leaf petiole is 1-4 mm. 
The leaf shape is often ovate with a cordate base. Q. grisea can have an ovate leaf 
with cordate base but its petiole is longer. The undulate margins and twisted axis 
of the leaf blade when imparted to hybrids can be interpreted as Q. turbinella in-
termediate characteristics. Q. turbinella hybrids from central Colorado appear to 
have more twisting and undulation than this parent species. The dentate leaf mar-
gin with a spine tip is a Q. turbinella characteristic found in many of the canyon 
hybrids. The sides of the dentate lobes tend to be straight on pure Q. turbinella. 
When the bottom side of the dentate lobe becomes rounded it usually means there 
is introgression. The straighter the side of the lobe the greater is the evidence of 
Q. turbinella introgression. The bluish and glaucous leaf surface which can be 
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puberulent can also be a good indicator of this species. The leaf can be thick and 
cartilaginous.

Q. turbinella is not hardy in this region today. A greater level of introgression 
from this species into the Q. undulata complex would be expected to decrease 
cold hardiness. Q. gambelii is the hybrid component that imparts the greatest cold 
hardiness to the Q. undulata complex, which allows it to survive extreme winter 
temperatures that occur in this region today. The cooling of the climate over the last 
5,000 years would have eliminated Q. turbinella from the canyon and reduced it 
level of introgression in hybrids to the point that they are cold hardy in the current 
climate. This same natural selection process occurred with Q. grisea x Q. mohri-
ana, but to a lesser extent because these species have greater winter cold hardiness. 
No relic Q. turbinella are found in the canyon today because the extreme winter 
lows that have occurred over the last 5,000 years were too extreme for any of this 
species to survive.  

The evidence of Q. turbinella introgression into the Q. undulata complex is 
apparent. Progeny tests also indicate its introgression. For these reason Q. turbi-
nella is placed as a species of origin for the Q. undulata complex in the canyon.      

Climate Change
Eastern species of oaks may have migrated westward during the Pleistocene 

(Maze 1968). These species may have included Q. macrocarpa, Q. muehlenbergii 
and Q. stellata. The southern plains of Texas extending into Mexico may have been 
suitable habitat for these species at the end of the last ice age. The climate appears 
to have been too cold for oaks to survive in Cottonwood Creek Canyon during the 
last glacial period (Barnes, Zak, Denton and Spurr 1998). It is likely that Q. gam-
belii had migrated to lower elevations during this cold period and could have been 
sympatric with these eastern species. At 15,000 ybp this area was wetter and much 
colder than today. It is unlikely that oaks would have been able to survive in Cot-
tonwood Creek Canyon at that time. The climate warmed significantly by 10,000 
ybp but remained wetter than today. This climate change provided an environment 
that allowed for northward and westward migration. By 10,000-9,000 ybp it is 
likely that Q. macrocarpa, Q. muehlenbergii and Q. stellata could have migrated 
north to this region. Hybrids between these species and Q. gambelii may have 
formed to the south during a period of sympatric association and then migrated 
northward. Q. gambelii would have migrated to higher elevations when the climate 
began to warm. The climate reached its maximum warmness and dryness in the last 
10,000 years between 7,000-5,000ybp (Anderson 1993). By the time of the onset 
of this hot dry period Q. grisea, Q. mohriana and Q. turbinella would have been 
able to reach the canyon. The climate became colder after the middle Holocene 
maximum. The different species or their hybrids apparently had moved into the 
area before 7,000 ybp depending on when the changing climate over the previous 
5,000 years was right for their migration. 

The heating up and drying of the climate during the middle Holocene maxi-
mum (7,000-5,000 ybp), and then after that period the development of a colder 
climate placed selective pressure on the oaks that had arrived in Cottonwood Creek 
Canyon. The dry and hot period could have extirpated Q. macrocarpa, Q. muehlen-
bergii and Q. stellata. Hybrids with enough Q. gambelii introgression could have 
survived. Q. gambelii would have imparted drought tolerance to hybrids with Q. 
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macrocarpa, Q. muehlenbergii and Q. stellata (Colorado complex), and it would 
have increased the cold hardiness of hybrids with Q. grisea, Q. mohriana and Q. 
turbinella (Q. undulata complex). Q. macrocarpa would have also imparted cold 
hardiness. The harsh early freezes and the extreme winter lows that occurred in 
this region in the last 5,000 years since the middle Holocene maximum would 
have extirpated Q. turbinella and reduced Q. grisea x Q. mohriana to a few hardy 
relics. Hybrids that had the right adaptation to the new environment survived and 
crossed with other surviving hybrids resulting in two multiple species complexes 
that exist today. 

The continually changing climate over the last 15,000 years allowed species 
or their hybrids to migrate to the canyon and then resulted in their elimination. 
Selective pressure from the climate change and the ability of oaks to form hybrids 
resulted in two hybrid complexes that are adapted to the current environment that 
none of the parent species could survive and reproduce in today (Figure 1).

Conclusion
Two hybrid complexes occur in Cottonwood Creek Canyon.
The Cottonwood Creek population of the Q. undulata complex is found on the 

hillsides and mesas and includes introgression from Q. grisea, Q. mohriana, Q. 
turbinella and Q. gambelii (Figures 6, 7, 8 and 9). Other species could also be in-
volved in the region and should be researched. The Cottonwood Creek population 
refers to members of the Q. undulata complex that have introgression from these 
four species. Other populations of the Q. undulata complex that include different 
species should also be identified and named.  

The newly named Colorado complex is found along the creek and includes 
introgression from Q. macrocarpa, Q. muehlenbergii, Q. gambelii and Q. stellata 
(Figure 4). The Colorado complex may have also formed in adjoining regions or 
migrated to them. Where else is it found today? Additional research is recom-
mended on the extent of the Colorado complex. 

Introgression between the two complexes has occurred in the transitional area 
between their preferred habitats and has resulted in some highly unusual forms of 
which some have horticultural merit. The following names have been selected for 
six forms that will be asexually propagated in the future.

Sea Green  Blue Ridge
Creek Side  Silver Bullet 
Blue Autumn  Scopulorum
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The Harold Hillier Herbarium – 
Documenting Oak Species and Cultivars

Allen Coombes, 
Sir Harold Hillier Gardens

Jermyns Lane, Ampfield, Romsey, Hampshire, U.K.

A herbarium has been defined as a collection of preserved plants arranged 
systematically for study. However, for me, such dry definitions do not come close 
to defining the value of a good herbarium, nor do they explain the fascination of 
working with one. To explain why a herbarium is so useful, not only to botanists, 
but also to gardeners and collectors, we might ask the question, “How can we be 
sure of the name of a plant?” Different people will probably have different answers 
to this question. These may include “that is what it is labelled or sold as,” or “that 
is what I have been told it is,” or “this is the plant I see everywhere under this 
name.” A description in a good reference work such as a flora or monograph is 
better but the only definitive way to know what any species should look like is to 
go to the original description of that species and the original herbarium specimen 
designated by the author of the name. One of the functions of a herbarium is to 
store and safeguard these specimens so that we can always be sure of the intentions 
of the author of any name.

We all know that because of variation and hybridisation there are often prob-
lems in identifying oak species in the wild (after all, we cannot carry all those type 
specimens with us). Once we enter the realm of horticulture the problems and 
challenges become much greater. Not only do we have all the possible oak species 
to deal with but a great many hybrids, many of which could never occur naturally, 
as well as an ever-increasing number of cultivars. So how can the herbarium help 
us in the garden?  In fact, cultivated plants can be documented in herbaria just as 
naturally occurring ones can and a Standard Specimen can de designated to repre-
sent a cultivar so that, as with a species, we will always know what any particular 
cultivar was supposed to be. 

The Sir Harold Hillier Gardens were started in 1953 by the late Sir Harold 
Hillier, and contain many of the plants he collected in different parts of the world. 
In 1977 he gifted the Gardens to Hampshire County Council who act as sole trust-
ee. The Gardens hold the National Plant Collection of Quercus, with currently 
more than 300 taxa (including cultivars).

The Harold Hillier Herbarium was started in 1995, initially to accommodate 
collections made by Sir Harold Hillier. It is small as herbaria go, with nearly 6000 
specimens, of which just over 1900 are oaks, and was registered with Index Her-
bariorum in 2005. It is the official herbarium of the International Oak Society. 
Much of the work of the herbarium is carried out by a team of dedicated volunteers. 
Together with the gardens’ living collections, details of herbarium specimens are 
available on a searchable database on the gardens’ website http://www.hilliergar-
dens.org.uk/. This is also a valuable resource for checking spelling and synonymy. 
All specimens are being photographed and we hope to be able to make them avail-
able online in the future. The aims of the herbarium are as follows:
1. To document the collections of the Sir Harold Hillier Gardens.
2. To hold specimens of oak species collected in the wild, particularly to 
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document seed collections. This enables cultivated plants to be compared 
to their naturally occurring counterparts. It also allows the identity of 
collections to be verified, even if the resulting plants do not survive and 
enables collecting localities and plants found to be recorded for future 
visits.
3. To hold specimens of cultivated plants from gardens around the world. 
This not only documents which species are in cultivation but is also 
revealing a fascinating range of garden hybrids. Collecting specimens 
from cultivated plants grown from wild collected seed has also proved 
important. As many more plants can be raised in cultivation than most 
oaks would give rise to in their lifetime it is possible to record unusual and 
previously unknown hybridisation events.
4. To hold specimens of known oak cultivars, and especially, when possible, 
the Standard Specimen.

The current holding of the herbarium for Quercus are as follows:

Total oak specimens 1911
Wild collected 800
Taxa 617
Species 270
Cultivars 164
Countries represented 32
From Hillier Gardens 436

Cultivated plants form a large part of the herbarium because they are often 
poorly documented. For this reason, we endeavour to obtain specimens from new 
selections while their origin is still known. If it is possible to collect from the 
original plant, or as close as we can get to it, this can be designated as a Standard 
Specimen. However, it is impossible to collect personally material of every new 
cultivar, and for this we need your help.  

Those raising and naming new selections are urged to send herbarium material 
of their plant to us and also to register them. This will ensure that the identity and 
origin of new plants is preserved for ever. In addition we also appreciate material 
of any species not represented. To register a new cultivar please visit the website of 
the International Oak Society at www.saintmarys.edu/~rjensen/ios.html and down-
load the registration form.

Q. greggii was collected in Mexico by Sir Harold Hillier in 1979. This is one 
of the specimens received on founding the herbarium and was matched to a plant 
in the garden from the same collection.

What seems to be the true Q. x ludoviciana (Q. pagoda x Q. phellos) sent by 
Hillier Nurseries to Eastwoodhill, New Zealand in 1949. 

The plant sent by Hillier Nurseries to Trompenburg, Netherlands as Q. x 
ludoviciana in 1951, and still distributed under that name by some European nurs-
eries. This has now been named Q. nigra ‘Beethoven.’

The Standard specimen of Q. x bushii ‘Seattle Trident,’ a selection from Hillier 
Gardens, originally from University of Washington, Seattle.
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Quercus greggii 
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Quercus xludoviciana Sargent
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Quercus nigra L. ‘Beethoven’
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Quercus xbushii Sargent ‘Seattle Trident’
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Abstract
The distinctive historical vegetation pattern of alternating tallgrass prairies on 

clay soils and oak woodlands/savannas on sandy soils in North Central Texas and 
East Texas has been described for more than a century. Many authors have attrib-
uted this pattern to relatively high levels of soil moisture available for tree growth 
on areas of sandy soil, and conversely, inadequate levels of soil moisture for tree 
growth on clay soils. However, this explanation is not consistent with present day 
observations of rapid invasion of clay soils by woody vegetation. We propose an 
alternative hypothesis, that the historical distribution of prairies and woodlands 
in North Central and East Texas can be explained by soil-dependent variations in 
grass biomass and resulting differences in fire frequency and intensity.

Introduction: Conditions at the time of European settlement, approximately 
1800 A.D.

The vegetation of North Central and East Texas at the time of European set-
tlement (hereafter referred to as presettlement vegetation) was characterized by 
well-defined zones of tallgrass prairie and oak woodlands/savannas (Fig. 1). From 
west to east, the prairie bands are the Grand Prairie (composed of the Fort Worth 
Prairie and the Lampasas Cut Plain), the main belt of the Blackland Prairie, the 
San Antonio Prairie, and the Fayette Prairie, whereas the oak woodland/savanna 
belts are the West Cross Timbers, the East Cross Timbers, and three bands of Post 
Oak Savanna. These were highly recognizable areas of vegetation, with the Cross 
Timbers appearing on the earliest maps and the presettlement prairies described by 
numerous explorers, early settlers, and researchers as almost devoid of trees (e.g. 
Gregg 1844; Brooke 1849; Parker 1856; Dyksterhuis 1946; Thomas 1962; Correll 
& Johnston 1970; Hatch et al. 1990; Diggs et al. 1999; Telfair 1999; Francaviglia 
2000). Hereafter we refer to these two vegetation types as Prairies and Wood-
lands. The current climate of the region, presumably relatively unchanged since 
presettlement times, is characterized by wet springs, dry summers with occasional 
thunderstorms, moderate to strong winds, and periodic multi-year droughts. As in 
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Fig. 1. Vegetational areas of North Central and East Texas.  The Prairies are in shades 
of blue while the Woodlands/Savannas are in shades of green.  Two vegetational areas 
of North Central and East Texas are not shown in color---the Pineywoods (forest) and 
the Red River Area (somewhat transitional between the Pineywoods and the Post Oak 
Savanna).
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many areas of central North America, prairie fires were common prior to settle-
ment (Stewart 1951; Komarek 1965, 1966; Wells 1970; Wright and Bailey 1982; 
Collins & Wallace 1990; Bragg 1995). The relative frequency of ignition by light-
ning versus Native Americans is unclear. 

The Woodlands represent the westernmost extension of the eastern deciduous 
forest. In general, the vegetation was composed of an oak overstory with tall grass-
es. The grasses were dominated by Schizachyrium scoparium (little bluestem), 
with Andropogon gerardii (big bluestem) and Sorghastrum nutans (Indian grass) 
as lesser dominants. While varying locally, the woody vegetation was in general 
dominated by two trees, Quercus stellata (post oak) and Quercus marilandica 
(blackjack oak). The tree density of the oak woodlands was variable, ranging from 
quite open to dense thickets. Some early accounts described woodlands through 
which wagons could easily pass (e.g. Marcy 1853, 1866), while others described 
almost impenetrable thickets (e.g. Kendall 1845). Gregg (1844) observed a variety 
of tree densities, noting that, “Most of the timber appears to be kept small by the 
continual inroads of the ‘burning prairies;’ for, being killed almost annually, it is 
constantly replaced by scions of undergrowth; so that it becomes more and more 
dense every reproduction. In some places, however, the oaks are of considerable 
size, and able to withstand the conflagrations.” 

The presettlement Prairies were vast grasslands dominated by Schizachy-
rium scoparium (little bluestem), with Andropogon gerardii (big bluestem) and 
Sorghastrum nutans (Indian grass) as lesser dominants, and woody vegetation 
generally limited to areas along the larger watercourses, as scattered mottes, or 
associated with locations that were protected from fire, such as mesas and buttes 
(Smythe 1852; Parker 1856; Hill 1901; Diggs et al. 1999). For example, Hill 
(1887) described the Grand Prairie as “a prairie region, utterly destitute of timber” 
and Kendall (1845) wrote, also of the Grand Prairie, “As far as the eye could reach 
. . ., nothing could be seen but a succession of smooth, gently-undulating prairies.” 
Early accounts of the Blackland Prairie were similar. Smythe (1852) described the 
eastern edge of the Blackland Prairie as having “. . . a view of almost boundless 
Prairie stretching to the north, as far as the eye could reach. . . .” and further, as 
“nearly destitute of trees.”

Soils of North Central and East Texas 
Most soils of the Prairies of North Central and East Texas are derived from 

lime-rich Upper Cretaceous rocks which weather to form soils with substantial lev-
els of clay. Outlying segments of the Blackland Prairie (Fayette and San Antonio 
prairies) have soils developed from younger Tertiary age deposits. While the ma-
jority of Tertiary deposits in East Texas are sandy in nature (i.e., those supporting 
the Pineywoods and Post Oak Savanna), those underlying Prairie (e.g., Fleming, 
Oakville Sandstone, and Cook Mountain formations) in general have a relatively 
high clay content and in some cases develop soils which display the gilgai micro-
topography so typical of certain high clay soils (Launchbaugh 1955; Smeins & 
Diamond 1983; Miller & Smeins 1988). Further, where clay lenses are found in 
other geologic strata outcropping in isolated pockets of the Cross Timbers, Post 
Oak Savanna, and Pineywoods, areas of prairie vegetation can again be found (Hill 
1991; Dyksterhuis 1948). It is thus clay that appears crucial in the development and 
maintenance of the grassland vegetation characteristic of the Prairies. In some cas-
es clay is abundant throughout all soil horizons, while in others there is a clay-loam 
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or loam surface layer—all the Prairie soils, however, have significant amounts of 
clay (Godfrey et al. 1973; Diamond & Smeins 1985). Conversely, the Woodlands 
are developed in general from Cretaceous and Tertiary sandstone rocks of such 
geologic layers as the Antlers/Trinity, Woodbine, Carrizo, and Wilcox, and can be 
generally described as sandy (Sellards et al. 1932; Hartmann & Scranton 1992).

Prevailing Explanation for the Distribution of Prairies and Woodlands
As discussed above, the presettlement distribution of the Prairies corresponds 

to the distribution of limestone parent material overlain by alkaline soils with a 
high clay content, while the presettlement Woodlands occurred on either sandy, 
slightly acidic soils or, in the westernmost part of the region, on gravelly and rocky 
substrates (Sellards et al. 1932; Dyksterhuis 1948; Diggs et al. 1999). The strik-
ing correspondence of vegetation and soil types led early writers to propose that 
the distribution of Prairies and Woodlands was due to the different water holding 
capacities of clays and sands. While the basic hypothesis has been stated many 
ways, its essence is that greater infiltration and water storage at depth in sandy 
soils permits tree survival, while clay soils do not support trees because of inad-
equate infiltration of water (and reduced root penetration) due to the clay’s relative 
impermeability. 

Hill (1887) appears to have been the first to propose this hypothesis. He argued 
that, 

“The reason why the timber confines itself to [the sandy soils is that they]....
afford a suitable matrix for the penetration of the roots of trees, and a 
constant reservoir for moisture, thus furnishing two of the greatest essentials 
to forest growth. .... The barrenness of the prairies, so far as forest growth is 
concerned, is owing to the absence of the requisite structural conditions for 
preservation of moisture, as well as the excess of carbonate of lime in their 
soils.” 

Subsequent authors reiterated Hill’s contention. For example, Tharp (1926) 
suggested that the sandy soils increased available soil moisture for tree growth. 
Weaver and Clements (1938) argued that, “…the oaks…have been able to maintain 
themselves against the competition of the grasses by virtue of the favorable chresard 
of the sandy soil.” Dyksterhuis (1948) summarized much of this information, and 
apparently agreed with the general idea of sandy soil-moisture availability favoring 
the growth of trees. Allred & Mitchell (1955) reiterated these ideas:

“Sandy, gravelly and rocky areas…also improve local soil-moisture 
conditions in the grassland formation.  Rainfall intake is high on these soils, 
which also yield up moisture to plants more readily and more completely 
than do heavier soils. .... In these areas, soil-moisture conditions have been 
improved sufficiently over the climatic normal so that trees or shrubs, 
particularly oaks, form savannah with the understory composed of grassland 
dominants of the True Prairie.”
This reasonably intuitive explanation for the historic distribution of the Prai-

ries and Woodlands has been nearly universally accepted, including by recent au-
thors (e.g., Diggs et al. 1999; Francaviglia 2000).

 However, the hypothesis that the Woodlands are restricted to sandy soils 
because of inadequate moisture availability on clay soils cannot be correct because, 
in fact, trees occur extensively on the clay soils. As noted above, early accounts 
noted woody vegetation along the larger watercourses and as isolated mottes or 
clumps of trees in scattered locations on the clay soils of the Prairies. More impres-
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sive, however is the current invasion of trees onto extensive upland areas of clay 
soil that can be widely observed throughout the Prairies (e.g., Launchbaugh 1955; 
Smeins & Diamond 1986). Indeed, the few remaining prairie remnants require ac-
tive management to prevent loss to invading woody vegetation (Smeins & Diamond 
1986). In the absence of fire, mowing, or some other suitable disturbance, trees such 
as Juniperus virginiana (eastern red cedar), Gleditsia triacanthos (honey-locust), 
Celtis laevigata (hackberry), Maclura pomifera (bois-d’arc), Prosopis glandulosa 
(mesquite), and Ulmus crassifolia (cedar elm) rapidly invade the native prairie and 
cause the vegetation to convert to a thicket and then a woodland/forest. A glance 
from the road along almost any major highway on the present day Blackland Prairie 
provides abundant evidence of rapid invasion by woody species in the absence of 
disturbance (Fig. 2). In areas no longer cultivated or otherwise disturbed, the invasion 
by trees can be observed within a relatively few years—this is particularly obvious in 
the numerous areas that were cultivated until relatively recently. It therefore seems 
clear that there is sufficient moisture for tree growth on the clay soils and some other 
mechanism or mechanisms must have been responsible for the historical difference 
in the vegetation on the clay Prairies and sandy Woodlands. 

 It should be noted that the woody species present on the modern day 
Prairies and Woodlands are largely different, probably due to the different soil re-
quirements of the various species, and we do not view woody plant encroachment 
on the Prairies as simply an expansion of the Woodlands. Nonetheless, woody 
vegetation is now extensive on many formerly Prairie areas. The woody species 
currently encroaching on areas of Prairie vegetation were probably not in gen-
eral major components of the adjacent presettlement Woodland vegetation. Rather, 
they are probably species that in presettlement times were present in low numbers 

Fig. 2. Area of Blackland Prairie in Grayson County showing invasion by woody 
vegetation under current fire supression conditions (photo by W. Cole Weatherby)
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on the Prairies themselves near streams or where topography made fire unlikely. 
On the other hand, some species (e.g., Juniperus ashei, J. virginiana) are at present 
highly invasive on both the Prairies and Woodlands.

Soil-dependent fire frequency hypothesis
 We propose that the presettlement distribution of Prairies and Wood-

lands in North Central and East Texas was not due to insufficient moisture for 
tree growth on clay soils, but rather to differences in fire frequency on different 
soil types. We hypothesize that higher fuel quantity on clay soils increased the 
frequency and intensity of fire, and that fire in turn suppressed the growth of trees. 
Prairie fires are fueled primarily by grasses, as opposed to forbs or woody vegeta-
tion, so an increase in grass biomass leads to an increase in the quantity of fuel. 
We predict that grass biomass is typically higher on clay than on sandy soils due to 
better moisture and nutrient availability at the shallower rooting depth of grasses 
versus woody plants. 

 This situation would represent two alternative positive feedbacks. High 
fuel quantity on clay would encourage fire, which would suppress woody vegeta-
tion and under certain conditions (e.g., depending on season of burn—Howe 1995) 
stimulate subsequent grass growth (by removing dead biomass which hinders new 
growth), thereby maintaining high fuel quantity. Low fuel quantity on sand would 
reduce the chance of fire, which would foster invasion by trees that would then 
further suppress grass biomass (e.g., by shading or other competition) and the sub-
sequent frequency and intensity of fire. These alternative feedbacks would lead 
to alternative stable states, Prairies and Woodlands (Fig. 3).  This particular hy-

Fig. 3. Flow diagram showing two positive feedback routes to two alternative 
stable states.
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pothesis for the distribution of Prairies and Woodlands is consistent with the more 
general conclusions of Scholes and Archer’s (1997) review of tree-grass interac-
tions around the world. They write that “Moist fertile environments [e.g. our Prai-
ries] support a vigorous grass growth that, if not grazed, leads to frequent intense 
fires…. Semi-arid environments on sandy, low fertility soils [e.g. our Woodlands] 
are seldom treeless.”

Soil type (and its effects on grass biomass) is not the only variable that affects 
the frequency or intensity of fire. Whether a fire ignites, how hot it burns, and its 
ability to spread also depend on a number of other variables including frequency 
of ignition events, season of year, rainfall, humidity, wind speed, topography, and 
grazing (some of which also affect grass biomass). These variables would combine 
in a stochastic manner to increase or decrease the frequency and/or intensity of 
fire in any given location at any particular time. For example, fire frequency and 
intensity would be low during a wet summer, but the resulting grass growth could 
combine with a subsequent windy drought to increase fire likelihood and intensity 
the following year. Thus, the systematic effect of soil type on fire would be in-
creased or decreased at any given location at any particular time by the net effect 
of these other variables, with the result being substantial variation in the time since 
the last fire in different areas of both the Prairies and the Woodlands.  When this 
stochastic variation is taken into account, the fire-frequency hypothesis can explain 
not only (1) the historical distribution of Prairies and Woodlands, but also: (2) the 
historically dominant tree species of the Woodlands; (3) the historical occurrence 
of isolated groves of trees on clay soils; (4) the present invasion of Prairies by 
trees; and (5) the difference between the historically dominant tree species of the 
Woodlands and the species that are increasing in abundance on the Woodlands and 
invading the Prairies today (e.g., Juniperus species). 

The Woodlands were historically dominated by oaks, species with thick bark, 
stubby branches, and the ability to resprout from roots, features that impart resil-
ience to grass fires. Further, occasional extended periods without fire on the Prai-
ries would have allowed the establishment of the isolated groves of trees that were 
observed by Western settlers. Once established, such groves would have been un-
likely to burn due to the suppression of grass growth by the trees and the resistance 
of large trees to fire. 

The present invasion of the Prairies by trees can be explained by a lack of fire 
that has resulted from intentional fire suppression plus numerous and extensive fire 
breaks that have been created by human activities (roads, cultivated fields, over-
grazed areas). Moreover, once this process begins, any Prairie area that becomes 
substantially invaded by trees would lose grass biomass and come to serve as an 
additional firebreak, thereby further reducing the likelihood of fire on adjacent re-
maining prairies. Finally, the present tree invasion of many (but certainly not all) 
areas of the Prairies (and of the Woodlands understory) is dominated by Juniperus 
virginiana (eastern red cedar) and Juniperus ashei (Ashe’s juniper), species that 
are sensitive to fire (easily scorched/ignited and unable to resprout from roots).

The key assumption of our hypothesis is that the difference in grass biomass 
was sufficiently higher on the Prairies than the Woodlands to raise the likelihood, 
frequency, and intensity of fire on the clay soils of the Prairies compared to the 
sandy or rocky soils of the Woodlands. In addition, our hypothesis leads to the 
prediction that patches of open grassland on sandy soil are very rare except in 
instances of active management (e.g., suppression of woody species) or immediate 
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proximity to clay soils (which would result in more frequent fires due to closeness 
to the fire-prone prairie vegetation). 

We have not measured grass biomass on intact remnants of the Prairies and 
Woodlands, and therefore do not have the data necessary to estimate differences 
in a number of variables associated with fire (e.g., frequency, intensity, extent, pat-
tern, season, etc.). Further, while some biomass and fuel loading data are available 
in the literature (e.g., Johnson & Risser 1974; Engle & Stritzke 1995), we have 
been unable to find directly comparable data for the area of study. However, sub-
stantial indirect evidence is consistent with the assumption of higher grass biomass 
on clay soils. First, during dry periods clay soils generally hold more water at grass 
rooting depths than do sandy soils. This is due to the relatively large surface areas 
of the individual clay particles and the large number of very small pores which act 
as billions of capillary tubes collectively holding large amounts of water (Vankat 
1979). The result of this increased water holding capacity is that plants rooted in 
such soils may continue active growth much later in the dry season than plants 
rooted in coarser soils (Daubenmire 1974; Burgess 1995; McAuliffe 1995; Tucker 
1999; Greeves et al. 2000; Ball 2001). Furthermore, undisturbed Blackland soils 
form gilgai, microtopographical surface features that function like shallow basins, 
increasing water retention during heavy rains (Hayward & Yelderman 1991; Dia-
mond & Smeins 1993). Early settler accounts and observations of existing prai-
rie remnants (e.g., , the Nature Conservancy’s Clymer Meadow preserve in Hunt 
County, the Matthews-Cartwright-Roberts Prairie in Kaufman County, and Austin 
College’s Garnett Prairie in Grayson County) suggest that these “hog wallows,” 
(as they were known to early settlers) were apparently abundant on Vertisols of the 
presettlement Blackland Prairie. Temporary water storage in gilgai depressions of 
one-half acre foot of water per acre of flat prairie have been estimated. As much 
as six inches of rain could be temporarily trapped in these structures before runoff 
began (Hayward & Yelderman 1991). Meanwhile, the high surface area and nega-
tive surface charges of clay particles give clay soils high cation exchange capacity. 
This allows these soils to hold more ionized minerals or nutrients, including those 
essential for plant growth (Foth 1990; Whitehead 2000; Harpstead et al. 2001; 
O’Connell 2001). It is therefore not surprising that indirect evidence, such as agri-
cultural productivity, suggests that the Blackland clay soils were among the most 
fertile soils west of the Mississippi River (Haywood and Yelderman 1991). In addi-
tion, the high below-ground biomass of Prairie vegetation serves to continually add 
organic matter to the soil, thereby functioning as a positive feedback mechanism 
to increase fertility and water holding capacity (in part due to the surface area pro-
vided by the additional organic material). Conversely, sandy soils have larger pores 
that allow water to drain more easily. They not only dry earlier during dry periods 
but “the more water that percolates through the soil, the more nutrients are washed 
out—particularly nitrogen, potassium and sulfur” (Tucker 1999). Therefore, soils 
that are high in sand, like those of the Woodlands, are often poor for plant growth 
since they are relatively infertile and often too well drained (Vankat 1979). 

Confounding factors
Several other factors have the potential to operate synergistically or in op-

position to the soil-mediated fire frequency hypothesis in influencing the balance 
between grass-dominated and woody vegetation. Of particular importance is the 
grazing regime. Van Auken (2000), for example, has identified high levels of her-
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bivory by domestic animals as the primary cause of brush encroachment in the 
semiarid grasslands of the southwestern U.S. This influence is probably the result 
of a combination of disturbance and reduced fire frequency. The grazing regime 
during presettlement times was certainly very different than at present. Instead of 
domestic animals continuously confined to limited areas of pasture, the primary 
herbivores were large dense herds of migratory bison free to move over vast dis-
tances. The grazing regime would thus have been extremely irregular both tempo-
rally and spatially. While a large herd could move through an area of Blackland 
Prairie and crop the vegetation very short (thus preventing fires), in some seasons 
or years a given area would probably be missed entirely leaving large amounts of 
standing biomass (heavy fuel load for fires). Under such conditions fire would not 
be expected every year, nor would it be essential every year for the maintenance of 
the grassland. Rather, fire would be critical only with enough regularity to prevent 
trees from growing large enough to become invulnerable to grass fires. 

Another grazing related influence is the role of dense herds of grazers on con-
trolling woody vegetation and stimulating grasses. Savory (1998) has stressed the 
importance of herding grazers on maintaining grasslands and has emphasized the 
extremely different consequences of typical human-controlled grazing regimes 
(long periods of exposure to low densities of animals) and natural systems (large 
migratory herds at high density due to threat of predation). He has noted that ex-
tremely high densities of grazers (and thus damage to woody plants) may be of 
critical importance in preventing encroachment of woody vegetation and shifting 
the balance in favor of grazing adapted grasses. A different impact of grazers is 
that seed dispersal may be of major importance in the invasion of grasslands by 
certain woody species. Data of Brown and Archer (1999) suggest that rates and 
patterns of seed dispersal may be the primary determinants of encroachment by 
mesquite (Prosopis glandulosa) on present-day landscapes in semi arid regions of 
the American southwest.

Still another confounding factor is the competition for resources between 
grasses and woody species in an intact prairie ecosystem. Under certain condi-
tions (e.g., of soil, water, grazing, etc.) on an intact prairie, grasses might be able 
to outcompete woody species or at least resist their invasion, with or without the 
influence of fire. However, the impact of fire and grazing are of critical importance 
since under natural conditions it is unlikely that either of these factors would be 
absent for any significant length of time.

Conclusion
The soil-mediated fire frequency hypothesis is merely a particular case of a 

group of mechanisms that, by reducing the frequency and intensity of fire, enable 
trees to grow where grass would otherwise dominate. The fire induced state of 
grasslands on the Prairies is therefore apparently destabilized when fire is sup-
pressed for any of a number of reasons. In addition to the hypothesized effect of 
soil on grass biomass, other variables that can hinder fire and thus allow trees to 
invade include precipitation, grazing, and topography (Collins & Wallace 1990; 
McPherson 1995). Trees invade when rainfall prevents fire throughout the year 
(e.g., in areas of eastern deciduous forest in the eastern U.S). Likewise, reduced 
grass biomass from grazing on the Prairies reduces fire likelihood, which in turn 
enables invasion by trees (Smeins et al. 1982; Scholes and Archer 1997; Van Auken 



38 International Oak Journal No. 18 Spring 2007

2000). As noted by Van Auken (2000), “the driving force [for brush encroachment] 
seems to be chronic, high levels of herbivory by domestic animals. This herbivory 
has reduced the aboveground grass biomass, leading to the reduction of fine fuel 
and a concomitant reduction or complete elimination of grassland fires. This com-
bination of factors favors the encroachment, establishment, survival and growth of 
woody plants.”  Finally, where relief is extreme, as on scarps or cliffs, woodlands 
are often present. This is due to both the thin rocky soil (and hence low grass 
biomass) and the topography (e.g., abrupt scarps), which often creates natural fire-
breaks (Wells 1965, 1970; Axelrod 1985). Thus, any factor that reduces fire likeli-
hood, frequency, or intensity can be expected to allow trees to invade grasslands 
in areas where there is sufficient moisture for tree growth. The soil-mediated fire 
freqency hypothesis for the historical distribution of the Prairies and Woodlands 
of North Central Texas and East Texas is consistent with both historical vegetation 
patterns and recent changes in the vegetation, and is simply a special case of a 
generally accepted explanation for tree-grass interactions. 
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Abstract
The red oaks of California comprise four species that hybridize over relatively 

large geographic areas. Two of these, coast live oak (Quercus agrifolia Née) and 
interior live oak (Q. wislizeni AC. D.) hybridize readily in northern California at 
the limit of the geographic range of coast live oak. In oaks, the chloroplast genome 
is inherited maternally and therefore backcrossed individuals maintain a history 
of past hybrid events. We analyzed five microsatellites in over 500 individuals 
of coast live oak and in almost 300 individuals of interior live oak to determine 
geographic patterns of haplotype diversity and to detect shared haplotypes among 
species.  In northern California, coast live oak and interior live oak shared a fixed 
haplotype that appeared to be of interior live oak origin. This suggests that coast 
live oak pollen dispersing northwards had hybridized with interior live oak and 
subsequent backcrossing produced coast live oak phenotypes with an interior live 
oak chloroplast genome. Bayesian estimates of gene flow indicated asymmetric 
gene flow between groups of populations in Marin County, California and So-
noma/Mendocino County, with gene flow northwards six times greater than in the 
other direction. A range of hybrid and later generation genotypes may provide ge-
netic resources that will buffer the adverse effects of climate change. 

Key words: Quercus, genetic structure, chloroplast DNA, pollen, seed, hybridization  

Introduction
The extent of hybrid zones depends on the balance between dispersal that 

leads to recombinant genotypes and selection that sieves out parental and hybrid 
genotypes according to their relative fitnesses. Interpretation of the importance of 
dispersal and selection and the likelihood of hybrids being fitter than parental types 
has fueled the debate over the importance of hybrid zones in evolution. At one ex-
treme, reinforcing selection is seen as maintaining species isolation so that hybrid 
zones are narrow and transient (Mayr 1963; Wagner 1969, 1970; Hardin 1975). 
At the other extreme hybrid zones are viewed as a very potent source of genetic 
recombination and diversity (Anderson 1949; Stebbins 1959; Arnold 1997). 

Interspecific transfer of genes through introgressive hybridization is expected 
to increase levels of genetic diversity, to provide new gene combinations on which 
selection can act and may lead to speciation if reproductive isolation is established. 
However, introgression is difficult to identify. In polymorphic populations, intro-
gression may have gone unnoticed because appropriate methods for its detection 
were not used, or introgression may have been invoked without any experimental 
evidence to support it. Out of 165 reports of introgression in plants, only 65 cases 
were found that justified this claim (Rieseberg and Wendell 1993). However, the 



Spring 2007 International Oak Journal No. 18 43

frequency of introgression is probably underestimated as phylogenetic closeness 
may mean that there are few diagnostic features to separate parental taxa. Also, 
differences between introgressed individuals and the parent species follow a de-
cay function with time since first introgression occurred (Rieseberg and Wendell 
1993).

Recently, polymorphic sites in the chloroplast genome have provided very 
useful markers of clonally inherited DNA, much like the mitochondrial genome 
in animals. Many examples have been found in which the gene trees from this 
cytoplasmic marker are inconsistent with gene trees from nuclear DNA (Rieseberg 
& Soltis 1991; Reiseberg et al. 1996). Although this may be due to lineage sorting 
of ancestral polymorphisms in chloroplast and nuclear DNA (Comes & Abbott 
2001), it appears that in many instances it is due to the introgression of chloro-
plast DNA from one species into another (Wolfe & Elisens 1995; Jackson et al. 
1999; Kornkven et al. 1999). This so-called chloroplast capture provides a record 
of earlier hybrid events that may be masked in the nuclear genome by generations 
of backcrossing.  

Quercus (oaks) has had a long history as a difficult taxon that defies the bio-
logical species concept (Burger 1975; Van Valen 1976), because of the seemingly 
unlimited potential for hybrid combinations within a taxonomic section (Hardin 
1975; Nixon 2002). Although hybridization is widespread among oak taxa, it is still 
unclear how important it is as a source of novel genotypes that contribute to evo-
lution of the genus. Most hybrid combinations of the white oaks of eastern North 
America occur in nature (Hardin 1975), but only rarely are generations beyond the 
F1 detected. The few molecular studies have found little evidence for extensive 
nuclear gene flow in oaks. Nuclear recombinants were found over short distances 
within a mosaic structured hybrid zone between the white oaks Q. grisea and Q. 
gambelii (Howard et al. 1997). However, contrasting patterns from nuclear and 
chloroplast genes were reported in several white oaks from eastern North America 
(Whittemore and Schaal 1991). Chloroplast genes were exchanged readily among 
geographically close non-conspecifics, whereas a nuclear ribosomal gene followed 
taxonomic boundaries. Other reports from nuclear genes suggest little evidence for 
hybrid gene exchange (Guttman and Weigt 1989; Ducousso et al. 1993), however, 
this may be more lack of detection than lack of gene exchange as differentiation 
of parental species was very low. Recently, Dodd and  A.-Rafii (2003) have shown 
various degrees of introgression among four sympatric red oaks in California using 
genomic DNA markers.

The red oaks of western North America include 3 evergreen and one decidu-
ous species. Fine-scale habitat differentiation among the species results in some 
differences in geographic ranges, but areas of sympatry are extensive. In most 
cases, the four species are morphologically distinct, but in some areas a range of 
intermediate phenotypes may be encountered. Hybrids have been reported for all 
species combinations based on morphological or biochemical traits (Brophy and 
Parnell 1974; Tucker 1980, Vasey 1980; Nason et al. 1992; Dodd et al. 1993; Dodd 
et al. 2002). Recently, we demonstrated widespread hybridization and introgres-
sion among the red oaks in northern California and showed that extrinsic selection 
pressure promoted the persistence of a variety of introgressant forms at a landscape 
level (Dodd & A.-Rafii 2003). 

Here, we explore the possible role of hybridization as a means of dispersal and 
colonization of coast live oak at its northern range limit, by making use of micro-
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satellite variation in the chloroplast and nuclear genomes.  

Materials and Methods
Leaf samples were collected from 505 individuals from 41 populations of coast 

live oak (Quercus. agrifolia Née) and 272 trees from 23 populations of interior live 
oak (Q. wislizeni A. DC.) for chloroplast DNA analysis and from 499 individuals 
from 28 populations for nuclear DNA analysis. Populations were selected to cover 
the geographic range of the two species. The leaves were stored in plastic zipper-
loc bags at -20°C. 

Total genomic DNA was extracted from the leaf samples using a simplified 
CTAB (cetyltrimethyl ammonium bromide) method (Cullings 1992).

Chloroplast microsatellites
Five pairs of primers developed for the amplification of chloroplast microsat-

ellite loci (μdt1, μdt3, μdt4, μcd4, μdt5) in Q. petraea and Q. robur (Deguilloux 
et al. 2003) were chosen to amplify chloroplast DNA in coast live oak. The PCR 
reaction solution (10μl) contained four dNTPs (0.2mM each), 2.5 mM of MgCl2, 
0.2μM of each primer, 10x reaction buffer, 25ng DNA and 1 unit of Amplitaq poly-
merase (Applied Biosystems, Foster City, CA). Amplifications were performed on 
a Techne Genius thermal cycler with the following profile; 5 min denaturing at 
95°C, followed by 25 cycles of 1 min denaturing at 94°C, 1 min annealing at the 
primer Tm (see Table 1 in Deguilloux et al. 2003) and 1 min extension at 72°C, 
with a final extension of 72°C for 8 min. The PCR product (0.75 μL) was mixed 
with a solution of 8 μL of formamide and 0.5 μL of 350 ROX size standard (Ap-
plied Biosystems, Foster City, CA) and electrophoresed on an ABI 3100 automated 
sequencer (Applied Biosystems, Foster City, CA). Results were analyzed with gen-
escan 3.7 and genotyper 3.7 software (Applied Biosystems, Foster City, CA).

Nuclear microsatellites
Six pairs of primers developed for the amplification of nuclear microsatellite 

loci (quru-GA-0A01, quru-GA-0C11, quru-GA-0C19, quru-GA-1C08, quru-GA-
1F02, quru-GA-2F05) in Quercus rubra (Aldrich et al. 2002) were used to amplify 
nuclear DNA in coast live oak. Amplifications were performed in a standard poly-
merase chain reaction (PCR) mixture containing a buffer of 2.5mM Tris-HCl (pH 
8.0), 12.5 uM EDTA, 125 uM DTT.  We added 2.5 mM MgCl2, 2.5mM each of the 
amplification primers, 2.5uM of each dUTP, 250ug/mL BSA and 0.0375 units/uL 
of Taq DNA Polymerase (Invitrogen). To facilitate PCR multiplexing, we used 
a touchdown program to optimize for differences in annealing temperature. The 
PCR reaction began with one activation cycle at 95oC for 10 min and then used 
the following cycle parameters: a denaturation phase of one minute at 94°C, one 
minute at 60°C and 35 seconds at 70°C for two cycles.  The second phase followed 
for 18 cycles: 45 seconds at 93°C, 45 seconds at 59°C (reducing the annealing 
temperature by 0.5°C each cycle) and 45 seconds at 70°C. Following this phase 
were 20 cycles of 30 seconds denaturing at 92oC, 30 seconds at 50oC and 1 min 
extension at 70oC.  This was followed by a final extension phase of 5 min at 72oC.

We used fluorescently labeled primers to visualize amplified PCR products on 
an Applied Biosystems 3100 automated sequencer. A two uL aliquot of PCR prod-
uct was suspended in 8uL of formamide and 0.5uL of ROX 350 size standard (Ap-
plied Biosystems) and denatured for 4 minutes at 93 °C.  Genotypes were scored 
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by length in base pairs using genescan 3.7 and genotyper 3.7 software (Applied 
Biosystems, Foster City, CA) and recorded in a Microsoft Excel spreadsheet. 

Data Analysis
Because the chloroplast genome is inherited clonally, we combined the five 

microsatellite loci into a single haplotype for each individual. Nuclear microsatel-
lites were treated as independent loci with two alleles. 

We used a maximum-likelihood (ML) method based on the coalescent (as 
implemented in migrate version 2.0.6 (Beerli and Felsenstein 1999, 2001) to as-
sess direction of migration rates between populations from two regions in northern 
California, of interest under a hypothesis of hybridization by pollen dispersal: 1. 
southern Sonoma County to northern Mendocino County  and 2. Marin County. 
Starting values of parameter estimates were obtained using FST on the first run, and 
the final values input into subsequent runs, which were carried out with differing 
input trees and random number seeds (and checked for consistency). Ten short 
chains (50 000 steps, sampling interval 500, first 100 samples discarded as burn-
in) and two long chains (500 000 steps, sampling interval 100, first 100 samples 
discarded) were run, with adaptive heating of chains used in the definitive final run. 
Ten replicates were performed.

Results
A total of 31 chloroplast haplotypes were detected in coast live oak. The dis-

tribution of haplotypes in California suggested about 4 major groups (Fig1). 1. The 
San Francisco Bay area and northwards, haplotypes 1, 6 and 30 are common. Of 
these, only haplotype 6 is found outside of this region at York Mtn. Rd. in San Luis 

Figure 1. Distribution of chloroplast haplo-
types of coast live oak. Sequence of numbers 
does not represent haplotype evolution. 
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Obispo County and at Ojai in Ventura County. 2. In the Monterey-Big Sur region 
haplotype 17 is common and 16 and 21 are also present. These haplotypes are not 
found elsewhere. 3. In the coastal mountains of San Luis Obispo County, haplo-
types 2 and 28 are unique, haplotype 6 is shared with the north and haplotype 27 is 
shared with more interior populations near Parkfield. 4. In extreme southern Cali-
fornia, six haplotypes were detected with only one (haplotype 8) being detected 
outside of this region at Ojai and Lebec in Ventura County. The populations from 
Baja California, Mexico, did not share any haplotypes with sample sites further 
north. Extreme interior populations at Pacheco State Park and Cordelia had unique 
haplotypes, suggesting that recent gene flow by seed from more coastal popula-
tions has not penetrated these areas.

An additional 17 haplotypes were detected in interior live oak and Shreve 
oak. As for coast live oak, haplotypes were locally distributed and were not shared 
among geographic regions (Fig. 2). The Sierran range of interior live oak included 
distinct haplotypes in the southern central and northern Sierra Nevada. In the Coast 
Ranges, no haplotypes were shared between the north San Francisco Bay popula-
tions and those from around Santa Cruz. Haplotype 17 was detected in Shreve 
oak populations from the Big Sur area and from Santa Cruz. Haplotype 39 from 

Figure 2. Distribution of chloroplast hap-
lotypes of interior live oak and Shreve 
oak. Sequence of numbers does not rep-
resent haplotype evolution.



Spring 2007 International Oak Journal No. 18 47

north of Ojai was also detected close to Lake Berryessa, whereas haplotype 20 
was unique to this locality. Interior populations from Parkfield and Coalinga were 
distinct from populations further west.

In some regions of sympatry between coast live oak and interior live oak and 
Shreve oak, sharing of haplotypes occurred. For example, in the Big Sur area 13 
and 17 were the only haplotypes detected in Shreve oak and these were also detect-
ed in coast live oak. In the interior hills of the Coast ranges at Parkfield, haplotype 
27 was detected in interior live oak and in coast live oak. In northern California 
from Sonoma County to northern Mendocino County haplotype 1 was almost fixed 
for both interior live oak and coast live oak. 

Estimates of migration rate are summarized in Fig 3. Clear evidence of asym-
metric gene flow was found between northern and southern groups of populations. 
In both cases, a source-sink model was supported with gene flow northwards 
greatly exceeding that in the opposite direction, evidenced by the lack of overlap 
between the central 90% of the likelihood profiles for the two parameter estimates 
(Fig 3).

Discussion
In both cost live oak and interior live oak, chloroplast haplotypes were mostly 

restricted to geographic regions, suggesting that the heavy seeds of oak are dis-
persed over relatively short distances. In coast live oak at least four biogeographic 
groups were recognized based on the chloroplast genome. In interior live oak, three 
Sierran and three coastal groups were detected. In some areas of sympatry, hap-
lotypes were shared between the two species. Interspecific sharing of chloroplast 
haplotypes in areas of sympatry has been reported for other oak species (Whitte-

Fig 3. Estimated migration rates (scaled for mutation rate) for coast live oak be-
tween Marin County California and Sonoma and Mendocino Counties.Fig 3. Esti-
mated migration rates (scaled for mutation rate) for coast live oak between Marin 
County California and Sonoma and Mendocino Counties.
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more and Schaal 1991, Dumolin-Lapégue et al. 1999). 
At the northern limit of the range of coast live oak, we detected a single chlo-

roplast haplotype. The same haplotype was fixed in populations of interior live oak 
from the area of sympatry and further north to northern Mendocino County beyond 
the present-day distribution of coast live oak. Possible explanations for this shar-
ing of haplotypes include lineage sorting of ancestral polymorphisms (Comes and 
Abbott 2001), or chloroplast capture through hybridization (Tsitrone et al. 2003). 
The sharing of different haplotypes in different parts of the geographic range of 
these species strongly favours chloroplast capture as the most likely explanation 
for shared haplotypes between coast live oak and interior live oak. Furthermore, 
since the haplotype was detected in interior live oak well north of the geographic 
range of coast live oak, it is most likely to be of interior live oak origin. It would 
appear that pollen swamping from coast live oak results in hybrid progeny that 
have captured the maternally inherited cpDNA of interior live oak. Subsequently, 
backcrossing of these hybrid progeny to coast live oak has resulted in coast live 
oak phenotypes with interior live oak chloroplast genomes. Similar effects of pol-
len swamping have been found in Eucalyptus (Potts and Reid 1988, Potts et al. 
2003) and in European oaks (Petit et al. 1997, Belahbib et al. 2001).

Our estimates of asymmetric migration rates between two population groups 
in northern California, suggests that more pollen successful in fertilization is being 
dispersed northwards than southwards. This could be a result of prevailing wind 
directions, or to differences in flowering time, with non-native pollen more likely 
to be present when female flowers are receptive in the north. It will be interesting 
to follow the phenology of male and female flowers over a latitudinal range in 
these two species.      

It is encouraging that hybridization with interior live oak appears to be facile 
in northern California where summer temperatures are predicted to increase more 
than in the southwest (Hayhoe et al. 2004). Whereas coast live oak is adapted to a 
Mediterranean climate under the influence of summer fog, interior live oak is bet-
ter adapted to more continental conditions of drought and extreme temperatures. 
Hybrid products between these two species may offer genotypes that will be well-
adapted to the new ecological conditions as suggested by the landscape patterns of 
introgression reported  by Dodd and A.-Rafii (2003). 
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Introduction
Historically, the bottomland areas of the South were covered by large expanses 

of hardwoods.  Scattered pine were found in these areas, but oaks were a dominant 
species group in most of these stands prior to European settlement.  Fire is believed 
to have been a factor in the development and continuation of these stands, but not 
nearly to the extent of influence that it exerted in the upland areas of the South.  
While exact species composition of these bottomland hardwood stands varied then 
as they do now, oaks are considered to have been a consistent overstory species, 
attaining large diameters, and occupying sites for prolonged periods in the absence 
of catastrophic, stand-replacement fires or wind events.  This situation persisted 
for thousands of years.

With European settlement came the clearing of land for agriculture.  Bottom-
land areas were among the first cleared because they were the most desirable for 
crop production.  This clearing began in the 1700’s, was intensified during the 
1800’s, and then restarted in the mid-1900’s.  Thus, millions of acres of hardwoods 
in the South were simply cleared, piled, and burned.

The current trend is to “retire” these agricultural production areas and replant 
hardwoods on them.  As the economics of producing agricultural crops on these 
acres has become less attractive and cost-share programs have made tree planting 
more attractive, each year marks the return of more land back to trees.  Current 
projections estimate that by 2040, approximately 34 million acres of agricultural 
land will be “retired” from crop production and planted with trees (Wear and Greis, 
2002).  Some of these areas will be planted with pine species, but many will be 
planted with hardwoods.  Of all the hardwood planted, oaks are the species planted 
most often (King and Keeland 1999, Schoenholtz et al 2001, James 2002).  To 
date, more than 500,000 acres have been planted with hardwoods.  Thousands of 
acres are being planted each year in the South.  Unfortunately, survival of planted 
oak seedlings on many of these acres is very low, and would be considered unac-
ceptable for most management purposes (Stanturf et al 1998, Ezell 1999a, 1999b, 
Groninger et al 2000, James 2002, Stanturf et al 2004).  The problems were noted 
as early as the 1980’s, and concern over seedling mortality has increased as plant-
ing efforts have increased.

Seedling Mortality Factors
The survival and early growth of oak seedlings is heavily dependent on three 

factors – seedling quality, planting quality, and competition control.  A complete 
exploration of seedling quality is beyond the scope of this paper, but repeated re-
search efforts have demonstrated that seedlings which are either too small or too 
large are at a disadvantage in regard to survival in operational, large scale plant-
ings.  Those that are too small typically lack the root system needed and those 
too large will either receive excessive pruning, be planted improperly, or simply 
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be discarded.  Associated with seedling size is the desirable root system.  Again, 
too little or too much are both detrimental conditions.  Our observations over the 
years indicate that an oak seedling with a height of 18 inches to 24 inches and an 
absolute minimum of six first-order lateral roots (10 – 12 is preferable) represents 
the optimal size for desirable planting and subsequent survival.  If only a very few 
trees are to be planted, bigger could be better if you are willing to excavate an ap-
propriate planting hole and properly transfer the large seedling with its associated 
root mass.  However, when dealing with millions of seedlings on many thousands 
of acres, having seedlings of an optimal planting size is a critical “first step”.

Planting quality is just as important for oak seedlings as it is for pines – per-
haps even more important.  A planting crew can take very good seedlings and 
greatly diminish the survival by mishandling the trees prior to planting or by doing 
a poor job of getting the seedling in the ground properly.  In most situations, secur-
ing the services of a contractor with a proven record of high-quality planting work 
and field supervision of the crew are essential to ensure optimal results.

Site fluctuations due to natural occurrences are overriding factors in seedling 
survival.  Droughts and floods are events that can impact any regeneration effort 
and are usually beyond the control of landowners.  There are cases where flooding 
is reasonably predictable, and planting efforts can be modified to accommodate 
these situations.  While droughts are not usually predictable, the impact may be 
decreased by having good seedlings, good planting, and competition control.

Competition is the last item to be considered in seedling survival.  Gener-
ally, the importance of controlling competing vegetation in oak plantings has been 
greatly underrated.  For many years, we have recognized the importance and ben-
efits of herbaceous weed control for pine seedlings.  However, there seems to have 
been a generally accepted sense that oak seedlings were hardier and could with-
stand the competition with little or no harmful effects.  In reality, pine seedlings 
have survived better in our comparison plantings when subjected to comparable 
levels of competition (Ezell, unpublished data).

Most of the oak seedlings currently planted are being placed in abandoned ag 
fields.  These areas have generally been “out of production” for 1-5 years and are 
heavily infested with both grasses and broadleaf weeds.  In these situations, the 
critical competition is for water.  Ample sunlight is available, even in most areas 
where the competition is not controlled.  However, the root system of a recently 
planted oak seedling is no match for the established root masses of grasses and 
forbs when it comes to competing for limited quantities of available soil mois-
ture.  Even if the oak seedling survives, its growth and development are severely 
retarded.

Materials and Methods
 Seedlings – The research has been conducted on a variety of oak species. 

However, most of the individual projects have focused on one or more of the fol-
lowing species: cherrybark (Quercus pagoda Raf.), Nuttall (Q. nuttallii Palmer), 
water (Q. nigra  L.), willow (Q. phellos L.), Shumard (Q. shumardii Buckl.), and 
white (Q. alba L.) oaks. Lesser amounts of other species have been included in one 
or more individual projects, but these six species are well represented in a variety 
of research efforts.  A small amount of 2-0, bareroot seedlings and some container-
ized and potted seedlings have been utilized in the process of the research, but the 
vast majority of the research has been conducted using 1-0, bareroot seedlings.  
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This is because 1-0, bareroot seedlings are the principal nursery stock used in op-
erational plantings.  While we have utilized a variety of seedling sizes with associ-
ated root systems, we have concentrated our efforts on what we have identified as 
the optimal size and root system (previously described).

Herbicides – More than forty different herbicide products have been utilized in 
the research projects over the past sixteen years.  Most of these are not available for 
an approved application over oak seedlings due to label restrictions.  While a small 
percentage of the products tested did result in phytoxic effects on the oaks, the vast 
majority were effective to variable degrees depending on the weed complex in the 
study and did not result in any damage to the oak seedlings.  

Study Sites – More than 90% of all the research has been conducted in old 
field settings.  However, our work in cutover areas has produced results which 
concur with the findings from old fields as relates to control of herbaceous compe-
tition.  Old fields have been preferred study sites since they represent where almost 
all oak seedlings are being planted under cost share programs.

Application Methods – All herbicides were applied over-the-top of the oak 
seedlings.  Our research was especially interested in crop tolerance as well as 
treatment efficacy.  We have completed numerous preemergent studies (applica-
tion prior to budbreak of the oaks), postemergent studies (middle of the growing 
season), and some studies which involved both timings.  Many of the individual 
projects have utilized a banded application wherein the herbicide was applied as a 
four-to six-foot-wide swath using the planted row as the center of the swath.  Other 
projects have used broadcast application in which the entire area was sprayed.  To-
tal spray volume for individual projects ranged from 10 gpa to 20 gpa (gallons per 
acre), with 10-15 gpa being used most.

Evaluations – Treatment areas are typically evaluated at 30-day intervals, fol-
lowing the application throughout the first growing season.  At each evaluation, 
treatment efficacy and crop tolerance are rated.  In addition, pretreatment measure-
ments of total height and groundline diameter (GLD) are completed and used for 
comparison to post growing season measurement of the same parameters.  Survival 
is evaluated at the end of the first growing season for all projects, and repeated an-
nual survival checks are completed on some projects for prolonged periods.

Analysis – Data are subjected to appropriate statistical analyses which seeks to 
identify significant differences among treatments.  ANOVA and means separation 
tests are utilized for these purposes.

Results
Crop Tolerance – No preemergent applicaton of any product has ever damaged 

an oak seedling.  No postemergent application which has label approval has ever 
damaged an oak seedling.  Overall, if labeled products are used according to label 
directions, no damage will occur in the oak plantings.

Competition Control – Treatment efficacy will vary widely depending on the 
weed complex and the herbicide being used.  While some products have a very 
wide spectrum of control, no herbicide will control all species.

Generally, preemergent applications are more effective than postemergent for 
broadleaf control.  Best results are obtained by using both, but if only one applica-
tion is to be used, the preemergent timing is preferred.  However, if a graminicide 
is to be used for grass control, the application must be completed when the grass 
is actively growing which is usually after the tree has broken dormancy.  These 
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are approved applications, work well, and do not damage oak seedlings, but no 
broadleaf control is to be expected – only grasses.

With many herbicides, competition control extended through the majority of 
the growing season (September or later).  The critical time for control is early in the 
growing season when the seedling is trying to reestablish a root system.  Therefore, 
if competition control will last for the first half of the growing season, the seedling 
is much better prepared to withstand any late growing season soil moisture short-
ages.

Survival – Over the sixteen years of research, we have identified three catego-
ries of survival patterns.  These categories are the expected survival in (¹) average 
rainfall years, (²) droughty rainfall years, and (³) extremely droughty rainfall years.  
Results for all the species, applications, and effective products are consistent for 
survival of “good” seedlings that are planted well.

“Average” Years – In average rainfall years, first-year survival of oak seed-
lings will be 60-70% in areas that receive no competition control.  Again, this 
involves good seedlings that were properly planted.  Overall, one of every three 
seedlings will die.  In areas receiving competition control, survival is expected to 
be 90% or greater.   Thus, controlling herbaceous competition consistently results 
in a 20% (or greater) increase in survival.

“Droughty” Years – In growing seasons deemed “droughty”, wherein pre-
cipitation is four to eight inches below the expected average, more than half the 
oak seedlings typically die in areas receiving no competition control.   Survival 
may range from 25% to 40% in these areas depending on the oak species and the 
drought, but in most cases, the potential for future management is questionable.  
By comparison, survival in treated areas is typically 75% to 85%.  In essence, it 
becomes the difference in having a manageable stand or not.

“Extremely Droughty” Years – These years are characterized by precipitation 
amounts which are more than eight inches less than the average amount expected 
for the evaluation period.  In such years, survival of oak seedlings is typically less 
than 10% - often no trees survive, and those that survive usually die in the second 
growing season.  

By comparison, survival of oak seedlings in treated areas is typically 65-75% 
which still leaves the land manager with a manageable stocking. 

Survival After the First Year – The majority of seedling mortality is expected 
during the first growing season.  In areas receiving competition control, that is 
reality.  Mortality after the first year is almost negligible, regardless of what the 
weather conditions were in the first year.  However, in areas not receiving competi-
tion control, seedlings continue to die for several years.  This is especially notable 
when a planting may have “above average” rainfall during the first growing season 
and survival in “untreated” areas may be comparable to “treated” areas.  However, 
during the second and later years, many of the trees in the “untreated” areas will 
die, because even though they survived the first year, the competition prevented 
them from establishing a strong root system.

Summary
While no absolute figures exist for the survival of oak seedlings planted on 

thousands of acres across the South, all indications are that survival has been poor 
in plantings which did not receive control of herbaceous competition.  Controlling 
herbaceous competition consistently improves survival by 20% in average rainfall 
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years.  This competition control appears to be the difference in having a manage-
able stand or not in droughty or extremely droughty years.

Competition control is only one of three important management factors.  It 
will be of little or no benefit if high quality seedlings and high quality planting 
are not utilized.  But, if the landowner is allocating capital to good seedlings and 
proper planting, it follows that these seedlings would benefit greatly form competi-
tion control.   
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Introduction
The 11 million hectare Lower Mississippi Alluvial Valley (LMAV), which is 

the geologic floodplain of the lower Mississippi River, is a prominent physiograph-
ic region in the southern United States.  Seven states (Arkansas, Louisiana, Missis-
sippi, Missouri, Kentucky, Illinois, and Tennessee) border the lower stretch of the 
River, and have a portion of their land base in this alluvial physiographic region 
(Figure 1).  Over the past 10,000 years, the River has meandered within the LMAV 
(Saucier 1994).  These meanderings carved channels and deposited sediment loads 
that created a dynamic and heterogeneous landscape which is characterized by 
several geomorphic features or “sites” readily distinguished by soil characteristics 
and hydrologic regimes.  The fertile alluvial soils and humid, temperate climate 
of the LMAV support broadleaf forests rich in species diversity, including no less 
than 15 species of bottomland oaks (Quercus spp.) (Stein et al. 2003).  With such a 
diversity of bottomland oaks, the different species are found stratified among, and 
often as a dominant overstory component, on most of the sites across this alluvial 
landscape.  The only exceptions are the most recently formed land adjacent to the 
river channel and the wettest swamp sites (Hodges 1997).

Bottomland oaks have always been among the most highly treasured tree spe-
cies in the LMAV.  Archeological evidence illustrates that bottomland oak acorns 
were consumed by the Native Americans living in the region (Gibson 2001), and 
the superior wood quality of bottomland oaks attracted pioneering lumbermen into 
the region (Winters et al. 1938).  Though the once extensive bottomland forest 
of the LMAV has been greatly reduced, the bottomland oaks that thrive in the 
region are still favored by managers.  Silvicultural practices in the LMAV often 
favor management for bottomland oaks because their mast production is desired 
by managers concerned with enhancing wildlife habitat and their quality wood 
still demands a premium at sawmills.  The purpose of this manuscript is to briefly 
describe the bottomland forest and native oaks of the LMAV, the degradation and 
loss of forest cover in the LMAV, early afforestation efforts aimed at reestablishing 
bottomland oaks in the region, and recent afforestation efforts in which bottomland 
oaks comprise a component of a diverse suite of vegetation established to restore 
bottomland hardwood ecosystem functions.
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The LMAV Forest and Bottomland Oaks
The deciduous forest currently occupying the LMAV became the dominant 

flora in the region around 5000 years before present following an extended dry 
period when grassland species were the predominate flora (Delcourt et al. 1980, 
King and Allen 1977, King 1981).  More than 60 broadleaved tree species are 
considered native to the LMAV, and as mentioned, no less than 15 of these species 
are bottomland oaks (Putnam et al. 1960).  Some species occurring in the LMAV, 
such as cherrybark oak (Q. pagoda Rafinesque) and Shumard oak (Q. shumardii 
Buckley), also grow on upland sites across the southern United States, while other 
species, such as overcup oak (Q. lyrata Walter) and Nuttall oak (Q. texana Buck-
ley), grow only on floodplains.  Despite the rich diversity of oaks in the LMAV, 
none are endemic only to this region, as they have ranges that extend into other 
river bottoms throughout the southern United States.

Bottomland oaks in the LMAV seldom grow in pure stands, but rather develop 
in association with other tree species.  For example, cherrybark oak and swamp 
chestnut oak (Q. michauxii Nuttall) typically grow in association with sweetgum 
(Liquidambar styraciflua L.) on ridges that exhibit relatively high relief and older, 

Figure 1  Location and extent of the Lower Mississippi Alluvial Valley.
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well developed soils (Hodges 
1997, Putnam and Bull 1932) 
(Figure 2).  In contrast, overcup 
oak is generally found growing 
in association with water hicko-
ry (Carya aquatica (Michx. f.) 
Nuttall) on sites characteristic 
of backwater flats that are rela-
tively low in elevation, and have 
poorly drained, less developed 
soils (Hodges 1997, Putnam and 
Bull 1932) (Figure 3.).  These 
species - site relationships are 
driven by interactions between 
inherent species physiology 
and floodplain site conditions 
such as flooding regime, soil 
drainage, nutrient availability, 
and competition. More detailed 
descriptions of the ecological 
characteristics of bottomland 
oaks occurring in this region can 
be found in Gardiner (2001).

Though bottomland oaks 
grow in association with other 
tree species, they often comprise 
a significant proportion of the 
overstory canopy.  Importance 
of a particular oak species in a 
bottomland forest is determined largely by its dominance in the various species 

Figure 2.  A cherrybark oak-sweetgum stand 
type photographed in Lee County, Arkansas 
(from Putnam and Bull, 1932)

Figure 3. An overcup oak - water hickory stand type photographed in Concordia 
Parish, Louisiana (from Putnam and Bull 1932).
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associations that exist in bottomland hardwood communities and availability on 
the floodplain of the particular geomorphic sites occupied by those species associa-
tions (Hodges 1997, Tanner 1986).  Tanner (1986), who reported on a 1937 to 1939 
inventory conducted in a virgin bottomland forest in northeast Louisiana, provided 
an informative illustration of bottomland oak distribution and abundance among 
floodplain sites.  To contrast two site types from his report, his description revealed 
that more than 60 percent of the trees greater than 30 cm diameter at breast height 
growing on low flat sites were overcup oak and Nuttall oak, while oaks, primarily 
water oak (Q. nigra Linnaeus), and willow oak (Q. phellos Linnaeus), comprised 
35 percent of the trees on ridge sites (Tanner 1986).  Thus, different bottomland 
oak species are generally found stratified among the various sites in floodplains on 
which they exhibit varying levels of abundance.

Forest Degradation and Loss in the LMAV
Occupation of the LMAV by sedentary populations of Native Americans be-

gan as early as 5000 years before present (Connaway 1977, Smith 1986), which 
appears to coincide with the rise of the deciduous forest in the region.  It can be 
reasoned that earliest human impacts to the forest probably stemmed from activi-
ties of these first sedentary populations of Native Americans.  The extent of Na-
tive American impact to the forest of the LMAV is currently unknown, but it is 
presumed that as populations expanded, appreciable land clearing and/or burning 
would have occurred around villages and on hunting grounds (Hamel and Buckner 
1998).  Hamel and Buckner (1998) suggested that much of the forest condition de-
scribed by European explorers to the region would have developed from formerly 
cleared and/or burned areas.  Notes of large expanses of switchcane (Arundinaria 
gigantea (Walter) Muhlenberg), a disturbance-dependant species, and extensive 
stands of old field tree species such as sweetgum are among the evidence leading 
Hamel and Buckner (1998) to their suggestion.

Beginning in the 1800s, more significant and enduring deforestation began 
as European settlers were drawn to the productive soils of the region for agricul-
tural production (Cobb 1992).  The River and its tributaries provided convenient 
transportation through the region, and the abundant natural resources were rich for 
building new societies, but the extensive forest was an obstacle to European set-
tlers who were intent on developing agricultural production in the LMAV (Cobb 
1992).  Estimates indicate that nearly half of the LMAV land base had been cleared 
for agriculture by the 1930s (Stanturf et al. 2000), a noteworthy figure considering 
that prior to the survey the Civil War interrupted agricultural production causing 
abandonment of many LMAV farms and reversion of many fields back to forests 
(Lentz 1928, Winters et al. 1938).

The 20th century brought additional deforestation to the LMAV.  Expansion of 
agricultural production in the region was facilitated by completion of the mainline 
levee system along the River channel.  The levee system, which was initiated in 
1928, serves to contain floodwaters within a narrow waterway flanking the River 
channel through the LMAV to the Gulf of Mexico.  With floodwaters contained 
between levees, landowners were able to extend farming operations onto soils pre-
viously too wet for crop production.  The last major deforestation pulse swept 
through the region during the 1960s and 1970s when the soybean (Glycene max 
(L.) Merrill) commanded a premium price in world markets (Sternitzke 1976).  
Between 1964 and 1974, forest area in the region declined by more than 105,000 
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hectares annually (Sternitzke 1976).  Today, only 26 percent of the original for-
ested area remains in the LMAV, and most of the remaining forests are found in 
small isolated patches, on land that is too wet for crop production (Gardiner and 
Oliver 2005).  The largest forested tract remaining in the LMAV is the 240,900 ha 
Atchafalaya Basin in southern Louisiana.  Other large tracts, such as the White 
River National Wildlife Refuge, are located near the River where they remain un-
protected from annual floodwater inundations (Gardiner and Oliver 2005).

Early Bottomland Oak Afforestation
Attempts to establish bottomland oak plantations on former agricultural fields 

in the LMAV were documented as early as the 1940s (Maisenhelder 1957).  These 
early plantings were generally small, experimental plantations used to reestablish 
forest cover on poor cropland.  Recommendations at the time suggested that the 
site be prepared by disking to remove competing vegetation, and that the plant-
ing should be cultivated until the established stock outgrew competing vegeta-
tion (Maisenhelder 1957).  Though knowledge gained from this early work would 
advance future development of bottomland oak afforestation practices, wide scale 
deforestation in the LMAV continued to outpace these early plantation establish-
ment efforts for several decades.

 In the early 1960s, scientists at the U.S. Forest Service, Southern Hardwoods 
Laboratory in Stoneville, MS began strengthening research programs to improve 
techniques for nursery culture of bottomland oak seedlings, and practical meth-
ods for establishing oak plantations (Maisenhelder and McKnight 1962, Kennedy 
1993).  However, the decade would end with demand from world markets driv-
ing soybean prices to a premium, and deforestation rates peaking to capitalize on 
the prices (Sternitzke 1976).  Nevertheless, this oak regeneration research would 
eventually support a forest restoration effort that was mounting on public holdings 
in the LMAV.

The deforestation surge declined in the late 1970s with the crash of soybean 
prices, and Federal and State natural resource managers began implementing prac-
tices to restore forest cover for wildlife habitat on former agricultural fields within 
public holdings (Newling 1990, Haynes and Moore 1988).  Because these plant-
ings were driven primarily by objectives to develop wildlife habitat, land managers 
were concerned with the establishment of hard mast producing trees, chiefly the 
bottomland oaks (King and Keeland 1999).  These oak plantations were typically 
established by planting 1-year-old bareroot seedlings or direct seeding acorns.  De-
pending on site type, species commonly planted included Nuttall oak, willow oak, 
water oak and cherrybark oak (Allen 1990).  Though research indicated that site 
preparation and subsequent competition control greatly enhanced plantation estab-
lishment, these practices were often sacrificed (Allen 1990), presumably because 
plantations were being established on a larger scale than previous efforts.  Schoen-
holtz et al. (2001) reported that about 800 hectares of forest were established on 
public holdings in Arkansas, Louisiana, and Mississippi between 1968 and 1985, 
but success of these practices proved inconsistent because of several factors in-
cluding weedy competition, extended flooding during the growing season, poor 
quality nursery stock, poor planting practices, and animal damage (Haynes and 
Moore 1988).  Where bottomland oak plantations were successfully established, 
forest cover has been restored and bottomland hardwood ecosystem functions are 
returning (Haynes and Moore 1988).  Examples of these plantings can be found 
on Yazoo National Wildlife Refuge in Washington County, Mississippi, Panther 
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Swamp National Wildlife Refuge in Yazoo County, Mississippi, and Red River 
Wildlife Management Area in Concordia Parish, Louisiana.

Bottomland Oak Afforestation in the Conservation Program Era
Afforestation in the LMAV surged in the 1990s following the 1985 and 1990 

Congressional Farm Bills which funded the Conservation Reserve Program (CRP) 
and the Wetland Reserve Program (WRP) (Kennedy 1990, Loesch et al. 1995, 
Schoenholtz et al. 2001).  With grain surpluses flooding markets, these programs 
were established through the U.S. Department of Agriculture to reduce production 
by removing highly erosive soils and wetland soils from agriculture.  Through 
these programs, landowners may receive land rental and cost-share funding for 
approved conservation practices including afforestation on qualified land.  The 
monetary incentives offered through the CRP and WRP have proven successful in 
removing a substantial amount of land from crop production.  For example, a large 
percentage of the 70,000 hectares planted in Louisiana, Arkansas, and Mississippi 
between 1986 and 1998 was land enrolled in one of these conservation programs 
(Schoenholtz et al. 2001).

Several other benefits have been realized following implementation of these 
conservation programs.  Co-benefits resulting from afforestation practices include 
wildlife habitat, carbon sequestration, biodiversity enhancement, and fiber and 
timber production.  Furthermore, participation in these conservation programs has 
shifted afforestation efforts from limited public holdings to predominantly private 
holdings (Gardiner and Oliver 2005).  As afforestation has now reclaimed well 
over 200,000 hectares of the LMAV in Louisiana, Arkansas, and Mississippi, more 
than 75 percent of this land is privately owned (Gardiner and Oliver 2005).

The majority of plantings established under the first WRP and CRP contracts 
were predominantly oak plantations (Schoenholtz et al. 2001).  King and Keeland 
(1999) reported that between 1987 and 1997, 78 percent of all seedlings outplanted 
in the LMAV were bottomland oak species.  Bottomland oaks were widely planted 

Figure 4. A recently developed afforestation system in which Nuttall oak is inter-
planted beneath a 2-year-old eastern cottonwood plantation.
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because earlier afforestation research and plantings on public land provided the 
knowledge and operational practices from which the conservation programs were 
modeled.  Additionally, hardwood nurseries were accustomed to producing bot-
tomland oak seedlings, and it was a general feeling among researchers and manag-
ers that other native tree species would enter the stand through natural processes.  
However, time has demonstrated that this did not often happen, and the resulting 
relatively pure stands of bottomland oaks typically developed into poor quality 
stands with low species diversity (Allen 1997, Stanturf et al. 2001).  More recently, 
however, experience and research findings have impacted practices such that there 
has been a slow transition to establishment of species mixtures.  While bottomland 
oaks are still primary species in afforestation throughout the LMAV, they are gen-
erally planted in mixtures of 2 to 3 species of other bottomland trees.  Advantages 
of mixed species stands over pure bottomland oak stands have been illustrated for 
biodiversity (Hamel 2003) and for development of quality bottomland oak stands 
(Lockhart et al. 2006).  Additionally, recent policy changes have allowed for the 
use of newly developed, unconventional afforestation practices to establish plan-
tations.  For example, a 2005 revision to the CRP allows for establishment of an 
eastern cottonwood (Populus deltoides Bartr. ex Marshall) - Nuttall oak interplant-
ing system that rapidly restores forest cover on agricultural land and provides a 
favorable understory environment for establishment of oak reproduction (Gardiner 
et al. 2004) (Figure 4).

Summary
Representing the largest expanse of alluvial soils in North America, the LMAV 

historically supported a vast bottomland hardwood forest rich in oak species diver-
sity.  The many bottomland oaks that thrive in the LMAV provided sustenance to 
Native Americans and opportunity to hardwood timber enterprises, but their firm 
rooting in the rich alluvial soils could not prevent centuries of deforestation for 
agricultural production that has reduced forest cover in the region to 26 percent 
of its original size.  As bottomland oaks have always been valued, and they are 
ecologically fundamental components of bottomland forests, they have been the 
primary species used in afforestation and forest restoration efforts in the region.  
Earliest afforestation practices established bottomland oaks in single species plan-
tations, but more recent plantings have included other tree species to address more 
complex objectives and gain additional co-benefits from the plantings.  As forest 
restoration activities advance in the LMAV, bottomland oaks will remain integral 
among species mixtures outplanted in afforestation practices designed to improve 
ecological and economical sustainability of forests in the Region.
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  Hill’s oak (Quercus ellipsoidalis E. J. Hill) is arguably the most problematic 
member of the black oak section (Quercus L. section Lobatae Loudon) in the up-
per Midwest. In a genus renowned for taxonomic difficulties, one that Coyne and 
Orr have gone so far as to label a “worst case scenario for the biological species 
concept” (Coyne and Orr 2004), Hill’s oak is distinguished by the sheer number 
of workers who have puzzled over its taxonomic status and proper identification 
(Hokanson et al. 1993; Jensen 1977; Jensen 1979; Jensen et al. 1984; Maycock 
et al. 1980; Overlease 1977; Shepard 1993; Trelease 1919). These researches, 
which focus mostly on whether Hill’s oak is distinct from scarlet oak (Q. coccinea 
Münchh.), have been inconclusive. Hill’s oak was described based on a specimen 
from Chicago’s Calumet area (Hill 1899), and the region around the type local-
ity is the focus of the most taxonomic difficulty. Representing one side of the is-
sue, Flora of North America (Jensen 1997) recognizes Hill’s oak as distinct from 
scarlet oak and shows both as present in northeast Illinois (this treatment follows 
Jensen 1977; Jensen 1979; Jensen et al. 1984; Trelease 1919). Representing the 
other side of the issue is the most widely used flora for the Chicago region (Swink 
and Wilhelm 1994), which does not distinguish Hill’s oak from scarlet oak and 
recommends application of the latter name because it has precedence (following 
Overlease 1977; Shepard 1993; Voss 1985). Most botanists familiar with the flora 
of the upper Midwest see greater similarity between oaks of northeastern Illinois 
and populations in Wisconsin, Michigan, and Minnesota than between the Chicago 
region oaks and scarlet oak from the south and east. It is not clear whether Hill’s 
oak and scarlet oak are best recognized as distinct at the varietal, subspecific, or 
specific level, or whether they should be considered variants of a single, wide-
ranging and variable taxon.

The identity of the type population for Hill’s oak and trees similar to it through-
out the Chicago region were long assumed to be scarlet oak (Trelease 1919). Sub-
sequent to the description of Hill’s oak, many botanists accepted the argument that 
Hill’s oak is found throughout the upper Midwest to the exclusion of scarlet oak. 
Hill’s oak has deeply lobed leaves that are, in their most typical form, highly dis-
tinctive, with C-shaped sinuses; ellipsoid, often longitudinally striped acorns, the 
caps glabrous on the inner surface or very sparsely pubescent, the cap scales tightly 
imbricated; and relatively small terminal buds that range from glabrous to sparsely 
silky-pubescent or occasionally densely pubescent, at least on the distal one-half 
to two-thirds (Figures 1 and 2). Range maps in Flora of North America (Jensen 
1997) and specimens housed in the major herbaria documenting the flora of the 
Chicago region (WIS, MOR, and F) show the greatest overlap between Hill’s oak 
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and scarlet oak in northwest Indiana and the lower peninsula of Michigan, with a 
few collections of the latter scattered in northeast Illinois and southern Wisconsin. 

In the upper Midwest, Hill’s oak is readily confused with black oak (Q. ve-
lutina Lam.), although individuals at the morphological extremes are highly dis-
tinctive (Jensen 1977; Jensen et al. 1984). Typical black oak is characterized by 
large, sharply-angled buds with densely canescent scales (Figure 3); acorn caps 

Figure 1. Hill’s oak leaf. The deep lobing, C-shaped sinuses, and approximately 
circular outline of this leaf are typical of Hill’s oak. However, the leaves of Hill’s 
oak, like the acorns, are highly variable, with some individuals having less deeply 
divided leaves, reminiscent of black oak; lobes narrower and more nearly perpen-
dicular to the midrib, reminiscent of pin oak; and / or leaves larger, not at all circu-
lar in outline. Photo: A. Hipp, Taltree Arboretum, Valparaiso IN, September 2006.
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Figure 2.  Hill’s oak acorns. Acorn shape in Hill’s oak is highly variable. More 
reliable for distinguishing the species from black oak are the imbricated acorn cap 
scales (cf. Figure 4, Black oak acorn). The striations on the acorn body are not 
uncommon in Hill’s oak, but also not the rule. Photo: A. Hipp, Taltree Arboretum, 
Valparaiso IN, September 2006.
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Figure 3. Black oak terminal buds. The dense pubescence and angular cross-
section of the terminal buds are characteristic. Photo: A. Hipp, Taltree Arboretum, 
Valparaiso IN, September 2006.

Figure 4. Black oak acorn. The pubescence and loose, fringed appearance of the 
acorn cap scales are characteristic. Photo: A. Hipp, Taltree Arboretum, Valparaiso 
IN, September 2006.
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that are densely pubescent on the inner surface, with loose scale margins (Figure 
4); and leaves that are frequently pubescent, even at maturity, especially on the 
major veins on the leaf undersides (the latter characteristic appears to be more pro-
nounced south and east of the Chicago region). Intermediates between Hill’s oak 
and black oak are not uncommon. Hybridization involving some mixture of black 
oak, red oak (Q. rubra L.), pin oak (Q. palustris Münchh.) and scarlet oak has 
been implicated in the origins of Q. ellipsoidalis (Hill 1899; Jensen et al. 1984), 
though Hill (1899) rejected this idea on grounds that the species is too numerous 
and widespread for hybridization to be a satisfying explanation for the origin of 
the species. 

Our current research investigates several questions: (1) Can Hill’s oak, scarlet 
oak, and black oak be distinguished from one another using molecular genetic 
data? If so, (2) is recognition of Hill’s oak as a species distinct from scarlet oak 
warranted, and (3) which taxon is more widespread in the Chicago region, where 
the two taxa are said to overlap and where the nomenclature of the two is in great-
est flux? Given the frequency of individuals that have morphological character-
istics of both black oak and Hill’s oak, an additional question of interest is (4) 
whether molecular data are compatible with the hypothesis of gene flow between 
Hill’s oak and other black oak species in the Chicago region. These four questions 
are basic to understanding the taxonomy of Hill’s oak, the relationships among oak 
species of the upper Midwest, and the potential for gene flow between populations 
and between taxa. Ultimately, answering these questions will allow us to address 
the ecological role of the different taxa interacting in the Midwest, where their 
taxonomy is a barrier to understanding the community ecology of upland forests, 
and increase our understanding of species boundaries in oaks. 

Summary of Research to Date 
Methods. We collected specimens from 154 oak trees from three southern 

populations of Q. coccinea (southern Illinois, southern Ohio, and eastern Mis-
souri), eleven populations of Q. velutina, and eleven populations of Q. ellipsoida-
lis (nine from northeastern Illinois, one from northwestern Indiana, and one from 
Wisconsin). The 154-individual total includes four pin oaks, nine red oaks, and one 
cherrybark oak (Q. pagoda Raf.). We identified specimens using the key characters 
presented in Flora of North America (Jensen 1997), placing each identified plant 
into one of four categories: exhibiting morphological characteristics of one species 
only (“pure”); predominantly exhibiting characteristics of one species, but with 
morphological evidence of introgression from other species (“introgressed”); pre-
senting an admixture of morphological characters from two or more species, but 
unclear which is dominant (“hybrid”); or unable to be identified with certainty due 
to inadequate material or unclear morphological affinities. We excluded individu-
als in the last category from analysis, leaving a total of 120 individuals of Q. coc-
cinea, Q. ellipsoidalis, and Q. velutina. Analyses discussed in this report include 
only these three taxa. 

We used amplified fragment length polymorphisms (AFLPs), a molecular 
fingerprinting technique, to estimate population genetic structure and genetic re-
lationships among individuals. The results discussed here are based on analysis 
of a single AFLP primer pair, which amplified 253 scorable markers across all 
154 individuals. We scored markers as present (1) or absent (0) for each indi-
vidual in the study and analyzed as independent loci. Data for individuals were 
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first analyzed using clustering algorithms (neighbor joining and UPGMA) and or-
dination (non-metric dimensional scaling) to identify major groupings and degree 
of genetic differentiation between populations. A Bayesian population-assignment 
method (Pritchard et al. 2000) was then employed to evaluate population genetic 
structure and test whether morphological intermediacy predicts genetic admixture 
(i.e., whether morphological “hybrids” bear the genetic imprint of introgression).

Results	1:	Scarlet	oak	is	genetically	distinct	from	the	other	taxa	analyzed.	
All analyses conducted suggest that scarlet oak is strongly differentiated from the 
other taxa investigated. This result is especially significant given the limited abil-
ity to discriminate taxa found in some genetic studies in the genus (e.g., Aldrich 
et al. 2003). This finding is compatible with either (1) a more recent divergence 
between black oak and Hill’s oak than between Hill’s oak and scarlet oak, as we 
would expect if the two are separate taxa; or (2) more gene flow between black oak 
and Hill’s oak than between black oak and scarlet oak. These hypotheses are not 
mutually exclusive. 

Results	2:	Black	oak	and	Hill’s	oak	are	less	distinct	from	one	another	than	
either	is	from	scarlet	oak. Black oak and Hill’s oak accessions overlap in cluster-
ing analyses (i.e., neighbor joining and UPGMA trees and ordinations), though 
they separate more cleanly in the Bayesian analyses (discussed below). While 
there may be hybridization between scarlet and Hill’s oak, if and when these two 
grow at the same site, the greater confusion in the Chicago region appears to be 
hybridization between black oak and Hill’s oak. Jensen (1977) similarly noted in 
a morphometric study of black oak species of Michigan and Wisconsin numerous 
hybrids whose parents appeared to be Q. ellipsoidalis and Q. velutina (see his 
Figure 2). 

We have identified numerous individuals in our work in northeastern Illinois 
that appear to be intermediate between Hill’s oak and black oak. However, indi-
viduals categorized in our study as “introgressed” or “hybrid” fall primarily among 
the pure Hill’s oaks, suggesting that Hill’s oak may exhibit greater morphological 
plasticity than black oak or scarlet oak. These individuals do not exhibit a greater 
degree of genetic admixture than the “pure” individuals in this study. If admixture 
of morphological characters were a good indicator of genetic admixture, inferred 
percentages of each population (Q. ellipsoidalis and Q. velutina) in the hybrid 
genome should be more even than in pure individuals. In fact, we find the opposite 
to be the case. The maximum percentage of the genome inferred to belong to one 
of the three populations detected in this study is 0.922 ± 0.011 [S.E.M.] for “pure” 
individuals, 0.920 ± 0.017 for “introgressed” individuals, and 0.966 ± 0.005 for 
“hybrid” individuals. This is the opposite of our expectation. 

Results	3:	Population	genetic	structure	of	Hill’s	oak	and	scarlet	oak	com-
bined	does	not	mirror	population	genetic	structure	of	black	oak	alone.	Because 
scarlet oak accessions sampled are from the Ozarks and the Appalachians, quite 
distant from the Illinois and Wisconsin samples of Hill’s oak and black oak in-
cluded in this study, the identification of scarlet oak as a separate genetic cluster in 
all analyses might be due to genetic divergence in distant populations of a single 
species rather than genetic divergence in separate species. In other words, the data 
for scarlet oak and Hill’s oak, analyzed without reference to the other taxa in this 
study, cannot distinguish between two alternative hypotheses: (1) Hill’s oak and 
scarlet oak are genetically divergent end points of a single, variable species; or (2) 
Hill’s oak and scarlet oak are distinct species. The black oaks we analyzed include 



Spring 2007 International Oak Journal No. 18 71

accessions that are syntopic with scarlet oak and Hill’s oak accessions also in-
cluded in the study, allowing a comparison of population genetic structure between 
black oak as one group versus Hill’s oak and scarlet oak analyzed together as a 
second group. If Hill’s oak were simply a regional variant of a widespread scarlet 
oak, we would expect population genetic structure in Hill’s oak and scarlet oak 
analyzed together to resemble population genetic structure of black oak collected 
from the same range, analyzed alone.

All analyses we conducted failed to separate geographic populations of a 
given species from one another, suggesting a high rate of gene flow between intra-
specific populations. This supports previous studies demonstrating that most of the 
genetic variance in oaks generally and red oaks and their allies (section Lobatae) in 
particular is among individuals within populations rather than among populations 
(Hokanson et al. 1993; Iakovlev and Kleinschmidt 2002).  Similarly, geographi-
cally proximate accessions for the most part do not consistently cluster together 
in distance-based genetic clustering analyses (ordination and UPGMA / neighbor 
joining trees). The finding that geographically proximal individuals do not cluster 
with one another stands in contrast to the distinct scarlet oak cluster, supporting the 
hypothesis that scarlet oak is taxonomically distinct and not simply geographically 
distant from the populations of other taxa studied. Were the observed pattern sim-
ply due to geographic distance between scarlet oak and the other taxa investigated, 
we would expect black oak, which was sampled from essentially the same geo-
graphic range as scarlet oak and Hill’s oak, to show a separation between southern 
and northern populations. Taxonomy in this study appears to explain much of the 
genetic variation while geography alone explains little. 

Conclusions
The findings summarized in this paper support four conclusions relative to 

the questions posed at the outset of the study. (1) Scarlet oak, Hill’s oak, and black 
oak can be distinguished from one another using molecular genetic data, provided 
enough loci are sampled. (2) Hill’s oak and scarlet oak are taxonomically distinct, 
not simply regional variants of a single, widespread species. Whether these are 
better recognized at the specific, subspecific, or varietal level is to some extent a 
matter of taxonomic opinion. (3) Most of what has been referred to as scarlet oak 
in the Chicago region is in fact Hill’s oak. (4) The apparent frequency of gene 
flow between Hill’s oak and black oak based on morphological characters is belied 
by the molecular data. Admittedly, the fact that Hill’s oak and black oak do not 
separate cleanly in distance-based clustering analyses may be due to ongoing gene 
flow. However, the Bayesian clustering technique employed is highly successful 
at distinguishing individuals of Hill’s oak and black oak collected at the same site, 
suggesting that the two are genetically distinct, and there appears to be no correla-
tion between degree of genetic admixture and degree of morphological admixture. 
Whether this unexpected result is an artifact of insufficient data or reflects a real 
biological phenomenon is not clear. The role of hybridization among Quercus sec-
tion Lobatae species is unresolved in our work and is a focus of ongoing study.

While we advocate for the recognition of two separate taxa and application 
of the name Q. ellipsoidalis to most of the Chicago region populations, we do 
not deny the existence of true Q. coccinea in the Chicago region. There are a few 
Chicago region specimens at the major Chicago region herbaria (MOR and F) that 
appear to be distinct Q. coccinea, and a recent publication in this journal points to 
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a significant population in Tinley Creek Forest Preserve in southern Cook County 
(Shepard 2005). One individual we sampled for the current study is an apparent 
scarlet oak from a spontaneous population at Taltree Arboretum (near Valparaiso, 
Indiana). This individual and Hill’s oaks collected from the same site cluster with 
the Hill’s oaks sampled for this study, suggesting that hybridization between Hill’s 
oak and scarlet oak may not be restricted in the area of sympatry. Additional sam-
pling in southern Michigan and northwestern Indiana is required to understand 
the dynamics between these taxa and to evaluate whether the contrast we found 
between population genetic structure in black oak versus Hill’s oak and scarlet oak 
combined is still evident with the addition of sympatric populations. 
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Figure 5. Scarlet oak acorn, showing concentric rings of pits at stylar end. 
Scarlet oak shows considerable variability in this characteristic, ranging from pit-
ting absent to pits forming three or more concentric rings. Photo: A. Hipp, Albany 
Pine Bush Preserve, Albany NY, June 2006.
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Taltree Arboretum & Gardens is a remarkable asset to the South Lake Michi-
gan region. Sitting on top of the Valparaiso moraine, Taltree boasts 300 acres of 
woody plant collections, gardens, wetlands, woodlands, and prairies. 

The South Lake Michigan region population is growing rapidly in response 
to economic growth in the Chicago metropolitan area. This population growth in-
creases vitality in our communities but places a strain on the infrastructure and 
environment. Traffic jams make for agitated drivers and frustration from increased 
travel times. Engine exhaust fumes add more pollution to currently threatened air 
quality. Loss of wetlands and other vegetation coupled with new roofs and pave-
ment means additional rainfall runoff and potential flooding. Increased enrollment 
in school systems results in financial pressures to maintain quality education. Pop-
ulation growth does bring benefits but also brings tremendous challenges.

In 1997, Damien and Rita Gabis, Taltree Arboretum & Gardens Founders, 
recognized one of the problems of population growth, the loss of green space and 
the corresponding detrimental effect on people, and made plans to offer a solution. 
They envisioned a place where people would come to be refreshed and restored, 
enjoy the wonders and beauty of the natural world, experience art in nature, and 
learn about horticulture and ecology. 

During the spring of 1998 Taltree staff and volunteers planted 35 acres of 
warm season prairie and more than 7000 oaks and hickories. Soon thereafter a 
large wetland that had been drained for agriculture was restored. Trails connecting 
each area were constructed enabling people to easily explore Taltree. Since that 
time numerous species of mammals, birds, insects, invertebrates, and amphibians 
have come to call Taltree home.

The Joseph E. Meyer Memorial Pavilion, a gift from the Florence Melton fam-
ily, was constructed in 2002. As the first structure built at Taltree the pavilion is a 
showcase of natural materials artfully blended into the landscape. Families use the 
pavilion to enjoy the Music in Nature Concert Series and other events. Brides and 
grooms exchange wedding vows in an atmosphere of beauty and serenity. School 
children partake of picnic lunches in the pavilion after an energetic interpretive 
hike. The United Way and other not-for-profit service organizations hold seminars, 
retreats, and other events here. The Joseph E. Meyer Memorial Pavilion is fast be-
coming the preferred place for special events in a memorable and magical setting.

The Welcome Garden, Pavilion Garden, Native Plant Garden, and Audrey M. 
Hitz Rose Garden each have special features that delight the senses of sight, smell, 
touch, and sound. 

The Welcome Garden exhibits a wide array of plants from around the world. 
Specimens include small Asian maples noted for fine leaf texture and outstanding 
fall color, Stewartia with their showy flowers and bark, and a Katsura grove.

The Pavilion Garden features plants native to North America that artfully 
blend with the wood and stone of the pavilion. 

The Native Plant Garden exhibits primarily herbaceous perennials from North 
America in prairie, wetland, and woodland settings.
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The Audrey M. Hitz Rose Garden is a special place with its massive granite 
blocks, bluestone patio, and pool surrounded by roses and rose family members.

Oak Islands is home to the largest oak collection in Indiana and features oaks 
from around the world. Oak species are grouped into planting “islands” based upon 
geography and soil types. Associated understory plants complete each island and 
provide visitors with a snapshot of the wealth and diversity of oaks. 

Prairies, woodlands, and wetlands grace much of the land at Taltree. More 
than 80 bird species live at Taltree during various seasons along with many mam-
mals and invertebrates. The diverse Taltree habitats make it ideal for visitors to see 
and experience natural areas once common on the Valparaiso Moraine. More than 
three miles of trails lead one on a journey to explore and delight in the wonders 
of nature.

Taltree is a contributor to improving quality of life throughout the region. Tal-
tree, US Steel, Wildlife Habitat Council, The Nature Conservancy, and The Indiana 
Dunes Environmental Learning Center partnered in a project to help plant trees and 
other native plants at a US Steel site and in the city of Gary. Gary school children 
visited the sites to learn about conservation and restoration. The students, Ameri-
corp volunteers, and representatives of the partnering agencies planted trees in the 
Gary Ivanhoe area west of Ivanhoe Elementary School.

Five Taltree trees were donated to Ivanhoe Elementary School in Gary in 
2006. Taltree staff delivered and helped students plant the trees on school grounds. 
A flowering cherry tree was donated to the city of Hammond as part of a 2006 bike 
path beautification project. Taltree staff delivered and planted the tree, then helped 
with other work along the path.

Clients (adults with physical and mental challenges) and staff from Opportu-
nity Enterprises and Arc Bridges volunteer as Garden Guardians helping maintain 
the Taltree gardens. These very special people enjoy the opportunity to care for the 
gardens of Taltree and take pride in their accomplishments. 

Taltree has been given special recognition by two prominent local organiza-
tions. Arc Bridges from Gary IN, gave Taltree the 2005 Quality of Life award. 
This award is given annually to those who, in partnership with Arc Bridges clients, 
contribute to improve quality of life for the people of Arc Bridges and the region. 
Arc Bridges also recognized Taltree for “outstanding contributions and inclu-
sion of people with disabilities” during Disability Awareness Month in March 
2006. Rotary of Valparaiso gave The Phillip Antommaria Memorial Award for 
Environmental Excellence for continued dedication to the protection and im-
provement of the quality of life in our communities.

Other awards Taltree has received include Porter County Convention & Visitor 
Commission 2003 Newcomer of the Year for outstanding service to Porter County 
and the Indiana Urban Forest Council 2002 Civic Organization in Promoting the 
Principles of Urban Forestry in Indiana.

As an educational foundation, Taltree is active in the education of youth and 
adults. Local public and private schools, home school groups, Boy and Girl Scouts 
Troops, and community summer youth organizations have come to rely on Taltree 
for educational field trips. Children of all ages come to Taltree to learn about ecol-
ogy, horticulture, conservation, and their responsibility to become stewards of our 
natural environment. Interpretive hikes and activities are offered to students and 
adults participate in the classroom and field through various offerings including the 
Indiana Master Naturalist program.
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The vision of Taltree’s founders is alive and well through the efforts of a dedi-
cated corps of professional staff and volunteers working together. Taltree is in a 
unique position to be a part of the solution to enhancing quality of life for all 
people in the midst of increasing population growth.
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The Oak-Hickory Forest 
 

James Hitz, Director 
Taltree Arboretum and Gardens 

Kouts, IN 

General description
The Oak-Hickory forest complex is one of the largest in eastern North America. 

While small areas are located as far north and west as North Dakota and southeast 
to Florida, the majority of oak-hickory forests are in the Midwest-to-mid-Atlantic 
region. The species of oaks and hickories found in various regions are soil and cli-
mate dependent. Oak-Hickory forests are the base of the food chain for a complex 
web of animals including birds, mammals, and insects. Acorns are the most impor-
tant wildlife food in the deciduous forests of North America, providing an essential 
and energy-rich food available during the winter period. A multitude of birds and 
mammals depends on tree cavities for nesting and winter survival. Oaks are one 
of the more common tree species that produces cavities. Seventeen species of oak, 
and numerous hybrids, are found within Indiana. The various species range across 
all forested habitats and regions of the state. Oak forests support higher diversities 
of both plants and animals than do other forest types (such as Beech-Maple) due 
to less-dense shading and the greater food value of acorns and hickory nuts than 
maple seeds and beech nuts.

Typical tree species found in Oak-Hickory forests in the upper Midwest in-
clude Northern Red, Black, White, Shingle, Swamp White, and Hills. In northern 
and central Indiana Scarlet, Chestnut, and Shumard Oak appear. In southern In-
diana Overcup, Post, Willow, Southern Red, Cherrybark, Swamp Chestnut, and 
Black Jack Oak join the others, except for Hills Oak which is found primarily in 
northern Indiana. Where Oak-Hickory Forests meet open lands Bur Oak becomes 
a dominant tree. 

All Hickories are represented, including Shagbark (a major species at Taltree), 
Pignut, Mockernut, Shellbark, Bitternut, and Pecan. Along with the Oaks, these 
fine trees produce a great deal of hard mast crops upon which wildlife depend for 
survival.

Other tree species found in the Oak-Hickory complex include Tulip Poplar, 
Red Maple, Blackgum, Persimmon, Black Walnut, Butternut, Sweetgum, Black 
Locust, and Sassafras.

Woody plants found in the understory of Oak-Hickory forests include Black-
haw Viburnum, Hazelnut, Redbud, Serviceberry, American Hornbeam, Eastern 
Hophornbeam, Spicebush, Wild Grape, Hydrangea, Poison Ivy, Virginia Creeper, 
Dogwood, Sassafras, Witch hazel, and Rhododendron.

The forest floor is covered with spring ephemerals and other herbaceous plants 
including Jack-in-the-Pulpit, Green Dragon, False Solomon’s Seal, Trillium, Blue-
Eyed Grass, various Sedges, May Apple, and Rue Anenome.

When all components of the Oak-Hickory forest are present it is one of the 
most diverse of all temperate forest types.
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The threats to Oak-Hickory regeneration and the management practices 
Taltree uses to encourage Oak-Hickory regeneration. .

Oak-Hickory forests are considered transitional forests. They rely on distur-
bances such as occasional fires and wind-downed trees creating openings. Twen-
tieth century fire control policies restricted small forest fires and inadvertently 
inhibited oak and hickory regeneration. Oaks and hickories have a thicker bark 
than beech and maple; this allows them to survive and regenerate after a fire. Un-
controlled deer herds also prefer to eat oak seedlings while ignoring maples. If 
left undisturbed by fire for many years Oak-Hickory forests will slowly convert to 
Beech-Maple due to the ability of beeches and maples to grow faster in shade and 
eventually crowd out the oaks and hickories. 

Taltree is using a combination of forest management practices to help ensure 
the long term survival of our Oak-Hickory forests. The first step is removal of inva-
sive non-native plants such as garlic mustard, oriental bittersweet, multiflora rose, 
Japanese honeysuckle, and autumn olive. This is a never ending battle, but over 
time these invaders are reduced significantly. Other management practices include 
occasional controlled burns and the protection of seedling oaks and hickories from 
deer depredation.

The future for Oak-Hickory forests in Indiana and other parts of eastern North 
America is dependent upon proper management practices that encourage the re-
generation of oak and hickory seedlings and their associated plants. In return, they 
give us a greater diversity of flora and fauna than any other forest in temperate 
eastern North America. Come and enjoy the Oak-Hickory forests of Taltree and 
look at them with new eyes.

Interior of an Oak Hickory forest
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Poster exhibit

William Legge-Bourke
Estate Office, Glanusk Park

Crickhowell Powys
Wales, United Kingdom

IOS member Bill Legge-Bourke not only has a growing collection of oaks at 
his home in Wales but also a likely unique collection of silver, ivory, wood, glass, 
and even gold acorns. They vary from 18th century nutmeg graters and pomanders 
and 19th century needle, cotton and thimble holders to tape measures, propelling 
pencils, hat-pins, and even a scent bottle made from the lava of Mount Vesuvius 
– all in the shape of acorns. His wife has a stunning gold bracelet of acorn and semi 
precious stone charms.

The photograph below shows some of his collection which includes earrings 
made of plaited horsehair, an opium pipe with an acorn bowl, salts and peppers, 
porcelain trinket boxes, rosaries, and thimbles, from all over the World including 
netsukes from Japan.

Bill does admit that proper acorns come first, but he cannot resist seeking out  
such “different” acorns, as well!
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Sudden Oak Death – an Update

Douglas D. McCreary,  
Natural Resources Specialist

University of California Integrated Hardwood Range Management Program

Introduction
At the 2003 Triennial International Oak Society Conference in Winchester 

England, I gave an overview of a relatively new disease affecting oaks in Califor-
nia, named Sudden Oak Death (SOD). As described in that paper, this disease is 
caused by a pathogen - Phytophthora ramorum – discovered in 2000. Since then, 
this pathogen has spread both in the United States and in Europe and threatens not 
only oaks and tanoaks, but a wide variety of other plant species as well. Because 
there is still great concern about the SOD pathogen and there have been significant 
developments in identifying where it occurs, how it moves around, what species 
become infected, and how to help prevent its spread, I decided to provide another 
update for this Symposium. I will start with some information contained in the 
previous paper regarding when and where SOD was first observed and how the 
pathogen was first identified. I will then discuss significant events regarding this 
disease in the last three years and what is likely to happen in the future.

Background
In 1995 a new type of oak mortality was observed in the coastal forests north 

of San Francisco, California. At first it appeared to only affect tanoak (Lithocarpus 
densiflorus) trees, a species more closely related to chestnuts than true oaks. Within 
several years, however, coast live oak (Quercus agrifolia), California black oak 
(Quercus kelloggii), and Shreve’s oak (Quercus parvula var. shrevei) were also ob-
served to be dying. No one had ever seen anything quite like this before. First, the 
new shoots of tanoak would wilt and droop and look like shepherd crooks. Typical 
symptoms of infected oaks and tanoaks also included seeping of dark brown vis-
cous sap from the lower portions of the main stem, dead discolored patches beneath 
the bark, extensive tunneling by small insects (ambrosia and oak bark beetles), and 
the appearance of dark, knob-like fruiting bodies of Hypoxylon fungi on the bole. 
Eventually, the foliage of attacked trees would turn yellow and then completely 
brown. Dr. Pavel Švihra, a University of California Environmental Horticulture 
Advisor who was among the first to observe this problem, called this new mortal-
ity complex “Sudden Oak Death,” or SOD. While the name Sudden Oak Death 
implies that trees are killed rapidly, it now appears that it can take months, or even 
a year or two, from the time of the initial infection for death to occur. Also, many 
more species than oaks are affected by SOD, and many of these other hosts aren’t 
killed by the disease. 

For several years it remained a mystery what was causing this new oak mortal-
ity. Some scientists originally felt that the insects observed on the sickened trees 
were the fundamental cause of death, while others suspected that Hypoxylon fungi 
played a primary role. This question remained unanswered until the summer of 
2000 when plant pathologists at the University of California isolated a new, previ-
ously unidentified species of Phytophthora from the cankers of trees exhibiting 



82 International Oak Journal No. 18 Spring 2007

these symptoms. Through a series of inoculation tests and the establishment of 
field plots that were designed to track the development of the pathogen, they were 
able to determine that this was the primary agent responsible for SOD. The boring 
insects and Hypoxylon fungi play a secondary role, attacking trees that have al-
ready been weakened by the Phytophthora pathogen, thus hastening their demise.

A serendipitous visit to California by a British scientist further helped shed 
light on this mysterious new disease. Dr. Clive Brasier, a pathologist from the Brit-
ish Forestry Commission, happened to be visiting Oregon about the same time that 
this Phytophthora was identified as the underlying cause of Sudden Oak Death. Dr. 
Brasier is a world expert on Phytophthoras in wildland forests and traveled to CA 
to look at the organism under a microscope and in the field. Several months later, 
when a German colleague showed him a Phytophthora that had been causing leaf 
spots and twig dieback on ornamental Rhododendrons in Germany and the Neth-
erlands since 1993, he thought it looked very similar to the organism he had seen 
in California.  It turned out to be nearly identical and by 2001, this new species 
attacking plants in both California and Europe was officially named Phytophthora 
ramorum by the European researchers, which translates to “affinity for branches.”

By the end of 2002, this organism had been positively confirmed in 12 coastal 
counties in California, ranging along a 400 km stretch from the Big Sur area in 
Monterey County in the south, to Humboldt County in the north. It was also found 
further north in the southernmost county in Oregon. While some of the most visible 
symptoms of P. ramorum occurred on true oaks and tanoak, researchers were soon 
finding that other plant species, including popular ornamental plants such as rho-
dodendron and camellia, were also infected with the disease, but were not killed 
by it. These species were generally described as “foliar hosts” since the disease 
infected and damaged leaf and twig tissue, but did not infect boles and did not kill 
the hosts. It soon became evident that some of these foliar hosts played a critical 
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role in the geographic spread of the disease. Unlike most tree hosts that develop 
cankers, foliar hosts are not killed and therefore can continue to be infectious. 
 
Nursery Infections

One of the most significant occurrences in the last three years regarding this 
pathogen was the discovery in 2004 of infected camellia plants at two large whole-
sale nurseries in Southern California. Unfortunately, infected camellia plants from 
these two locations had been shipped widely throughout the United States. Us-
ing trace-forward and trace-backward tests, regulatory agencies tried to determine 
where camellias from these nurseries had been shipped and whether any that had 
traveled outside of California had exhibited signs of P. ramorum. The results were 
not encouraging. By the end of the year, infected plants had been found at 176 
nursery-related locations in twenty-one states. What was thought to be primar-
ily a California and southwestern Oregon forest problem had suddenly become a 
national nursery problem that was of grave concern to people nationwide. The first 
step taken was to destroy infected plants, as well as all known susceptible plants 
growing in close proximity. All told, more than a million plants had to be killed. 
Federal and state rules have since been implemented to minimize the likelihood 
of further spread in the nursery industry. Today annual inspections are required 
for Oregon, Washington, and California nurseries that ship interstate and have 

After a tree is weakened with a P. ramorum infection, it is susceptible to invasion 
by insects and decay fungi.  Common secondary organisms are ambrosia & bark 
beetles, which bore deep into the tree; and Hypoxylon fungus, which decays the 
bark & wood.  These organisms are found on many other stressed and dying trees 
in the forest and are not alone indicative of Sudden Oak Death.  They do play an 
important role in a tree’s overall health however and can hasten the death of a tree 
by further weakening the wood and causing the trunk to snap.
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known P. ramorum-susceptible plants for sale on site. Although rather drastic and, 
in many cases costly to those nursery operators that have infected plants, this strat-
egy seems to be working -- at least partially. As of October 2006, 56 nurseries in 
11 states have been found to have diseased plants. Furthermore, to date there have 
been no reported instances in the United States of diseased plants in nurseries (with 
the possible exception of California) infecting plants outside of the nurseries. That 
is, there have been no confirmed cases of the pathogen “escaping” into the natural 
environment.

The Disease in Europe
In Europe, P. ramorum has also spread widely and as of 2006, has been con-

firmed in 15 countries listed below. Almost all of these infections have been in 
nurseries or garden centers. However, unlike the United States, there have been 
instances of the pathogen escaping into the wild. For instance, in Cornwall Eng-
land, confirmed infections were reported on nine trees at three separate sites. Tree 
species infected naturally in the UK include a non-native American northern red 
oak (Quercus rubra), southern red oak (Quercus falcata), European Holm oak 
(Quercus ilex) and Turkey oak (Q.cerris). Infections have also been confirmed 
in native beech (Fagus sylvatica), Southern beech (Nothafagus oblique), horse 
chestnut (Aesculus hippocastanum), sweet chestnut (Castanea sativa), Eucalyptus 
haemastoma Sm. (Myrtaceae), Cornus kousa x Cornus capitata (Cornaceae), and 
Castanopsis orthacantha Franchet (Fagaceae). All these findings are associated 
with previous findings of the pathogen in adjacent rhododendron. As a result of 
concern about the spread of the pathogen into native forests, a massive wildland 
survey was carried out in the United Kingdom. Fortunately, there were no positive 
confirmations resulting from this survey. Two isolated forest infections have also 
been reported in The Netherlands, as well as one in Germany.
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Table 1. European countries with confirmed infections in 2006

Belgium   Slovenia
Czech Republic  Denmark   
France   Sweden
Netherlands  Germany   
Poland    Italy
Norway   Switzerland
Spain   Ireland
United Kingdom

New Hosts Confirmed
Another significant development in the past three years has been the continu-

ing expansion of the number of hosts. In 2002, there were only 14 confirmed host 
species, including three Quercus species and tanoak. By 2004, this number had 
increased to 68 species and by 2006 it expanded to over 100. Unfortunately P. 
ramorum infects a very wide and diverse set of plants from small herbs to giant 
conifers. The good news is that very few hosts other than oaks and tanoaks are ac-
tually killed by the pathogen, and generally only the foliage or small branches are 
attacked. The bad news is that by remaining alive, foliar hosts continue to serve as 
sources of inoculum aiding the spread of P. ramorum.

Pathogen Spread
One of the most critical questions that researchers, quarantine officers, and 

foresters have tried to figure out is how the pathogen spreads. Most Phytophthoras 
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attack roots but until recently, P. ramorum had only been isolated from the trunks, 
leaves, and twigs of plants. While it has been determined that P. ramorum can 
be spread by rain splash and that spores can remain viable both in the soil and in 
streams that flow through SOD-infested forests, it has not been ruled out whether 
this particular pathogen could also be transmitted through the air, at least in the 
presence of water. It is also possible that it is vectored by insects, birds or other 
animals that come in contact with infected material. However, preliminary studies 
suggest that these modes of spread are unlikely, or if they do occur, are probably 
not very important. Other potential pathways, including movement by humans, are 
also being investigated and research has demonstrated that viable spores can be 
transported on the soles of hikers’ shoes when they walk through infected areas. At 
present it is believed that in California, California bay laurel (Umbellularia califor-
nica) plays a key role in the spread of the disease since it is an abundant and widely 
distributed tree in coastal forests and it readily facilitates pathogen spore produc-
tion. Removing this species from susceptible, currently uninfected, forests to help 
curtail spread has been considered. However, bay laurel is a vital component of 
many forests and removing it may have adverse, but unintended, consequences. 
Some Native American groups are very concerned about this suggested control 
strategy since bay laurel is a vital species to their culture for food and medicinal 
products and are fundamental to some spiritual customs.

Disease Occurrence and Susceptible Species
Several other Phytophthoras have also been recovered from host species dis-

playing similar symptoms to P. ramorum. Fortunately, these Phytophthoras appear 
to be less virulent than P. ramorum and are typically found on isolated trees. Other 
common oak diseases such as P. cinnamomi (crown rot) and Armillarea mellea 
(oak root fungus) can cause similar symptoms and are also probably responsible 
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for many deaths in the zones where SOD has been detected. It is also important to 
point out that members of the white oak subgenus of Quercus (Section Quercus), 
which includes both blue oak (Quercus douglasii) and valley oak (Quercus lobata) 
in California, and English oak (Quercus robur) in Europe, do not appear to be 
susceptible. 

In laboratory pathogenicity trials, however, species of the red oak subgenus 
(Section Lobatae) from the eastern United States, including northern red oak 
(Quercus rubra) and pin oak (Quercus palustris), have been found to be highly 
susceptible to the pathogen. These species are commercially important in the east-
ern US, so there is considerable concern that P. ramorum could have enormous 
economic impacts if it spread eastward and infected these species. The habitat in 
the eastern forests also has susceptible understory species, further increasing the 
concern. As a result, there have been extensive field studies looking for the disease 
in native stands in large portions of the eastern US. But fortunately no positive 
confirmations have been reported.

To date, this disease has been limited to coastal locations in California. How-
ever, it has still not been reported further than 80 km inland (not including nurser-
ies). There have been many reported “new” infection areas in the last three years, 
but the majority of these have been within the previous zone of infection and the 
northern and southern limits of the disease have not changed substantially. A recent 
inventory in Monterey County found that hundreds of thousands of trees had been 
killed in that area alone, so it believed that statewide in California, more than one 
million trees have succumbed to Sudden Oak Death and at least another million 
are currently infected. 
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Pathogen Origin
Since it was first identified, researchers have been trying to figure out where P. 

ramorum came from. Was it introduced to the United States from Europe or visa-
versa? Neither of those two scenarios seems likely since the European strain is a 
different mating type from the US strain. P. ramorum also appears to be genetically 
distant to most of the other 60 Phytophthora species. The closest relative appears 
to be P. lateralis, a virulent pathogen of Port Orford cedar (Chamaecyparis law-
soniana) known to be present in natural stands in the Pacific Northwest (including 
northern California) and occasionally on Port Orford cedar stock in nurseries in 
Europe. At present, based on genetic population structure, researchers believe that 
P. ramorum is relatively new to both the US and Europe, and was likely introduced 
from a third location, perhaps somewhere in Asia. Some preliminary excursions to 
look for the disease there have not been successful

Impacts of Sudden Oak Death
As noted in the version of this paper presented in 2003, the potential con-

sequences of high levels of oak tree mortality from P. ramorum are severe and 
far-reaching. There is great concern in California about the safety risk posed by 
large numbers of dead trees in urban-wildland interface locales and in heavily used 
recreation areas. Such mortality requires tree removal, which can be costly, as well 
as dangerous to the tree workers involved. The visual landscape of California, 
which has large regions of coastal oak woodland, could be altered dramatically. 
The people of California, as in the United Kingdom and elsewhere, value their 
oaks dearly, and significant losses of this resource have been emotionally devastat-
ing to many. Widespread oak mortality has also had significant impacts to the many 
wildlife species that are so dependent on coastal oak and tanoak forests for food 
and shelter. Deer, turkeys, jays, quail, squirrels and acorn woodpeckers are just a 
few of the many wildlife species that rely heavily on acorns as a food source. And 
there are numerous other animals that utilize oak woodlands for breeding, or as 
stopover points during migration. 

Ecological processes such as nutrient cycling, storage and release of water, 
and moderation of soil temperatures are also affected. The loss of large numbers 
of trees could also result in soil erosion and the invasion of denuded sites by unde-
sirable weed species. Another major concern is the increased risk of fire resulting 
from the addition of large quantities of highly combustible fuels as the trees die and 
dry out. Years of fire exclusion have already made some of area where SOD occurs 
to be at high risk for catastrophic fire, so the addition of more fuels only exacer-
bates an already volatile situation. Since many areas with high levels of SOD occur 
at the urban-wildland interface, where homes and businesses are nestled among the 
trees, concerns of local residents are further heightened.
 
Treatment

Not surprisingly, there has been an intense demand to find some a treatment 
that can cure infected trees and/or protect healthy trees from becoming infected. 
Many large oak trees in urban-wildland interface settings are highly valued by 
their landowners, and some would pay almost anything to prevent specimen trees 
from dying. Since the writing of the 2003 SOD update paper, a compound called 
Phosphonate and sold under the brand name Agri-Fos® has been approved and 
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registered in California for treating oak and tanoak trees, both as a preventative 
treatment and for trees recently infected. This chemical has been found to slow 
pathogen spread on trees that are very recently infected (the canker covers less 
than 10 % of the circumference of the trunk), have no secondary invaders, and no 
browning of the foliage. However, it is most effective as a preventative treatment 
for trees not yet infected but in high-risk situations. Agri-Fos® is not a cure and for 
severely infected trees, it is ineffective. It is also worth noting that this chemical 
has limited applicability in wildland settings because the areas where the affected 
species grow are too large, the number of host plants enormous, and the costs 
of applying chemicals to thousands of acres would be astronomical. Additionally, 
there could be serious environmental concerns about applying such pesticides over 
vast areas of the landscape.

In addition to chemicals, recommendations to landowners in infected regions 
focus on maintaining tree health. Since native oaks can be adversely affected by 
summer irrigation, homeowners are encouraged to avoid this practice. They are 
also encouraged to employ correct pruning practices, and to take steps to minimize 
adverse impacts to tree roots. Trenching, grading, backfilling, and compacting the 
area around oak roots should be avoided. To help reduce the spread of P. ramorum 
to uninfested areas, it is also recommended that dead trees be left on-site and, if 
possible, burned. Equipment used to cut down infected trees should also be steril-
ized before being used again. Also, hikers and other recreationists in infected re-
gions are encouraged to wash shoes, tires, and even their pets’ paws before leaving 
an infested area, so as to reduce the threat of transporting spores off-site.

Regulation
Both the US federal government and many state governments recognize that 

the artificial spread of the SOD pathogen is a serious concern and threat. This 
became especially apparent after the spread of the disease to many other states via 
nursery plants in 2004. Many states imposed quarantines governing the movement 
of host material. These rules were designed to limit the artificial spread of the SOD 
pathogen by curtailing the movement of material that could potentially cause the 
disease to become established in a new location. To standardize the rules, the feder-
al government developed a federal order for nurseries that superceded state rules.

A number of countries outside the US have also imposed regulations or quar-
antines regarding the movement of plant parts from species or genera that are con-
firmed hosts of P. ramorum. Presently there are quarantines or rules regulating 
transport in Canada, the U.K., Australia, Taiwan, South Korea, and many other 
countries throughout the world. The European Union also has regulations. In some 
cases, movement of soil that is suspected of being contaminated is also regulated. 

What is being done?
In August 2000, the California Oak Mortality Task Force (COMTF) was estab-

lished to provide a comprehensive and unified approach to address the Sudden Oak 
Death problem for California. The Task Force has been instrumental in securing 
funding from a variety of state, federal, and private granting organizations to sup-
port research, monitoring, management, and education programs.

The Task Force has co-sponsored two large Sudden Oak Death Science Sym-
posiums and another is scheduled for March 2007. These symposia bring together 
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the broad array of researchers, regulators, and affected industries from throughout 
the world addressing this new disease in order to share information and provide a 
scientific overview of the state of knowledge about P. ramorum in forest, wood-
land, urban, and agricultural settings. These meetings have helped foster closer 
cooperation between people in various disciplines and geographic areas working 
on this disease, and have helped inform managers and policy makers about the 
focus of current research efforts. 

Another major activity of the COMTF has been to identify and map locations 
where SOD has been confirmed and where trees with similar symptoms have been 
observed. A GIS database of SOD distribution in California is maintained at UC 
Berkeley and is available for downloading at the CAMFER website (see address 
at end of paper). This information will be particularly important in determining 
how rapidly the SOD pathogen is spreading, developing regulations, and managing 
fire prevention and hazard tree removal programs. Knowing where the pathogen 
is occurring is also important for quantifying economic and ecological impacts, 
assisting in early detection, and providing a statistically based estimate of the area 
impacted by SOD.

The Future of SOD
Research results to date suggest that sporulation is related to rainfall and mild 

temperatures, and during wet years, an increase in the incidence of the disease 
is expected. Mortality is greatest during periods of hot weather when trees ex-
perience extreme moisture stress. However, it also currently appears that within 
infested areas, some oak trees in stands may be less susceptible to the disease. 
This would imply that some trees, even in susceptible hosts and in infested stands, 
may not be killed by the SOD pathogen. This is good news and suggests that oaks 
in California may not experience the same fate as American chestnuts (Castanea 
dentate), which were almost, totally eliminated by chestnut blight (Cryphonectria 
parasitica) in the eastern US several decades ago. But we must be cautious since 
this disease has only been observed for a little over a decade and the responsible 
pathogen only identified for six years, so we are very early in the game. We can 
keep our fingers crossed and hope for the best.

Conclusions
While the threat of P. ramorum is very serious and should be of concern to 

people throughout the world, it is encouraging to know that there is broad consen-
sus that resources need to be allocated to minimize the impacts and slow the spread 
of this pathogen. Compared to research on many other plant diseases, the col-
laborative efforts by federal, state, and county governments; universities; private 
industry; and non-profit groups have led to rapid progress on identifying what is 
causing Sudden Oak Death, determining where it occurs, developing effective tests 
to confirm if a plant is infected, and developing management recommendations for 
homeowners, nursery operators, and forest managers. But more work is needed. 
Hopefully these efforts will succeed and oaks throughout the world, which are such 
a vital and revered natural resource, will continue to survive and prosper.
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For additional information, see the following websites:
http://www.suddenoakdeath.org - California Oak Mortality Task Force
http://kellylab.berkeley.edu/ -- A GIS database of SOD in California
www.CDFA.ca.gov – California Department of Food and Agriculture 
http://www.aphis.usda.gov/ppq/ispm/pramorum/ Animal Plant Health Inspection 
Service
htp://www.defra.gov.uk/planth/pramorum.htm - P. ramorum website of the UK 
Department for Environment, Food, and Rural Affairs
http://www.greenbrae.org/news/sod.html Sudden Oak Death information/
resources
http://fhm.fs.fed.us/sp/sod/sod.shtm USDA Forest Service Sudden Oak Death 
Forest Health Monitoring
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Southwestern US Desert Oaks

Michael Martin Melendrez
Owner, Trees That Please Nursery and Soil Secrets, a grower of mycorrhizae

9 Gilcrease Lane
Los Lunas, NM 87031

(505) 550-3246
soilsecrets@aol.com, www.soilsecrets.com

This presentation featured a photo essay of the desert edge areas of the Chi-
huahuan Desert Region of New Mexico and Trans-Pecos Texas, showing the tran-
sition from pure desert grasslands or desert scrub land into the woodland zone 
where most of the species of oak native to this region can be found. Images show-
ing tree habits and surrounding soil and vegetation were included in the original 
presentation.  The program was designed to give the audience an appreciation of 
the uniqueness of the genus Quercus in this area, and its ability to grow under the 
strenuous, arid, poor soil conditions.  The program is reproduced in considerably 
abbreviated form, here in International Oaks.

Mexican Oak Woodland
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Q. buckleyi habitat

Q. fusiformis – New Mexico
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Q. gambelii and author

Q. gravesii – Glass Mountain
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Q. hypoleucoidesi near Emory Pass

Q. pungens and author
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Introduction
Oaks, chestnuts and beeches are dominant angiosperm forest trees in the tem-

perate forests of the northern hemisphere. All of the species in the red oak sec-
tion of the Quercus genus (Quercus section Lobatae) are native to North and Cen-
tral America. Among the many of species of red oaks occurring in eastern North 
America, northern red oak (Quercus rubra L.) has the largest range and is now 
the dominant upland species in oak-dominated ecosystems in the eastern United 
States. As a living tree, northern red oak provides food and shelter for wildlife and 
after harvest, a durable, beautiful hardwood for furniture, floors and trim.

Despite wide recognition of the ecological and economic importance of north-
ern red oak, the sheer abundance of stems in forested, suburban and even urban 
landscapes in the eastern United States produces an impression that this species 
requires nothing from humanity but a sunny space in which to grow. In fact, north-
ern red oak suffers from range-wide regeneration failure. Exotic pest and diseases 
(Gypsy moth, oak wilt and sudden oak death among others), fire suppression, 
short-sighted deer management practices, unsustainable harvesting and sincere but 
uninformed opposition to good management all contribute to this situation. Even 
if we were able to prevent or contain the insects and diseases and establish good 
management practices, our limited understanding of the contemporary genetic 
structure of naturally regenerated oaks could undermine our best intentions. 

The northern red oak genetics program at Notre Dame
A major research aim of the oak genetics and genomics program at Notre 

Dame is to develop a set of genetic and genomics tools that will enable us to detect 
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the biogeographical distribution of genetic diversity in northern red oak and other 
eastern red oaks. As almost all eukaryotic organisms contain at least two quite dif-
ferent genomes, the organelle genome and the nuclear genome, we are developing 
two different kinds of tools: one to detect genetic diversity in the chloroplast and 
mitochondrial genomes and another to detect genetic diversity in the nuclear ge-
nome. In oaks the chloroplast and mitochondrial genomes are inherited only from 
the female parent.  Each tree has only one type of mitochondrion and one type of 
chloroplast and these will be identical to those of the female parent of that tree. In 
angiosperm plants, the chloroplast genome has high structural stability. Recom-
bination has not been observed and rearrangements are rare. Mutations do occur 
but these tend to harmless only in those places where the chloroplast DNA is not 
coding for a gene. These intergenic regions slowly accumulate neutral mutations, 
resulting in the appearance of new haplotypes. We use the polymerase chain reac-
tion technique (PCR) and series of specialized enzymes that can detect changes 
in the DNA sequence in these regions. These enzymes restrict the DNA into pre-
cisely sized fragments that will differ in length for different DNA sequences. This 
combined approach reveals PCR restriction fragment length polymorphism (PCR-
RFLP) among the chloroplast genomes of different oaks in the same species, in 
different species and even in different families. 

In oaks, as in humans, male and female parents each contribute equally to the 
nuclear genome. The progeny will not be identical to either parent but will share 
the characteristics of both. To detect polymorphism in the nuclear genome we use 
microsatellite markers. The nuclear genomes of most eukaryotes have extensive 
noncoding regions that often accumulate long stretches of noncoding nucleotide 
repeats (e.g. GAGAGAGA). These areas in the genome accumulate mutations, 
most of which of harmless, at a rate faster than the DNA sequence in functional 
genes. We use this characteristic to develop DNA markers than can distinguish 
individuals within a population of the same species or among very closely related 
species.  Most forensic testing of human DNA also employs microsatellites.

Almost all of the living tissues of a tree, including the embryos, contain pro-
plastids, colorless organelles that will become green chloroplasts after seed germi-
nation. Matrilineal inheritance of the proplastid genome enables investigators to 
detect successful seed dispersal through genetic analysis of the chloroplast genome 
in individual trees. As red oak seedlings are suppressed by shade, seedlings tend to 
be more successful at edges and within gaps, favoring the descendants of trees al-
ready in the stand. Thus the chloroplast genomes of the original migrants will tend 
to persist in local populations, permitting reconstruction of recolonization patterns 
(Petit et al. 2002). The long-lasting genetic impact of the first migrants is called 
a founder effect.

On an island, the genetic diversity of both the organelle genomes (the mito-
chondrial and the chloroplast genome) and the nuclear genome are profoundly af-
fected by the founders of the population, even in outcrossing, wind-pollinated taxa. 
On a large land mass, only the organelle genomes will show a persistent founder 
effect and then, only if the descendants of the first migrants suppress establishment 
of late arrivals and remain at the colonizing front of the population. This limited 
type of founder effect is expected in terrestrial organisms in which the reproductive 
adult is sessile and long-lived and the propagules are not dispersed by wind or wa-
ter. Long–lived forest trees with large seeds (e.g. oaks and chestnuts) are expected 
to show strong matrilineal founder effects.
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Range shifts resulting from Paleoclimate fluctuations may have had a signifi-
cant impact on the biogeographical distribution of genetic diversity in northern 
red oak. During the last glacial maximum in North America (18-20,000 bp), the 
Wisconsinian ice sheet covered portions of the northern states in the eastern United 
States, causing forests to retreat southward and later reestablish as the ice sheet 
retreated (Delcourt and Delcourt 1987; Jackson et al. 2000; Schlarbaum et al. 
1982). The palynological record suggests that oaks recolonized at a rate far in 
excess of that suggested by the behavior of contemporary seed dispersal agents 
(Jackson et al. 2000). Several investigators (McLachlan et al., 2004; Stewart and 
Lister, 2001) have suggested that pollen deposition may have been too thin for 
consistent detection if small populations persisted in cryptic refugia north of the 
main population at the last glacial maximum. The contemporary northern edge of 
the range for Q. rubra (~ 48° N) and the presence of trace amounts of oak pollen 
in northern lake sediments suggests that this species could have persisted in mesic 
microhabitats in locations as far north as Tennessee. Although the eastern United 
States lacks geographical barriers comparable to the Rocky Mountains or the Alps, 
the Appalachian-Blue Ridge forest ecoregion was a mesic and thermal refuge for 
other species during the Pleistocene glaciations and as such could have provided 
refuge for Q. rubra and other oaks. Oak recolonization from these cryptic refugia 
could have resulted in biogeographical discontinuities in genetic diversity as cryp-
tic populations recolonized northward, leaving descendants with alleles that may 
have been lost in unsheltered populations as the range shifted southward (Fig. 1). 

Large-scale changes in rainfall patterns also induced Paleoclimate range shifts 
along longitudinal gradients. Pollen records indicate that during the Hypsithermal 
drying interval 8,700-5,000 yr bp, a tall grass prairie peninsula extended eastward 
to Indiana and southwest Michigan, partially isolating northern Q. rubra popula-
tions from southern Q. rubra populations (Baker et al. 2002). The contemporary 
western edge of the Q. rubra range still lies 200-500 km east of the western edge 
of the oak hardwood forest 10,000 yr bp. Thus, the contemporary biogeographi-
cal distribution of genetic diversity in northern red oak may be result of complex 
recolonization patterns in some regions. 

Regardless of how many refugia there were or whether or not cryptic north-
ern refugia played a major role, founder effects during postglacial migration are 
expected to result in a latitudinal gradient of chloroplast genetic diversity that de-
clines in the direction of glacial retreat. In the northern hemisphere the northern 
edge of the contemporary range should have the lowest chloroplast genetic diver-
sity if founder effects persist over time. Oak pollen recovered from lake bottom 
cores and other suitable sites indicates that during the last glacial maximum (LGM) 
oak populations were most dense in east Texas and northern Florida (Jackson et al. 
2000).  If the Texas populations recolonized the western part of the contemporary 
range and the Florida populations the east, the haplotypes found on the western 
northern edge may differ from the haplotypes found on the eastern northern edge. 
The descendants of Texas migrants that colonized Kansas, Missouri, Iowa and 
Minnesota may have been eliminated or pushed eastward during the Hypsithermal 
event (Figure 1). To further complicate matters, small populations in cryptic refugia 
in the Appalachians may have had an advantage over southern populations. Ahead 
lay some of the richest and flattest land in the world, ideal for forest establishment 
under mesic conditions. If there were many cryptic refugia distributed across the 
Appalachians, and many of these contained trees with unique haplotypes, then 
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the center of genetic diversity for chloroplast haplotypes would be located in this 
region and not further south.

Research results and discussion
To test the hypothesis of a latitudinal gradient (an effect expected regardless 

of the number or locations of refugia) we compared chloroplast genetic diversity 
among 29 populations of Quercus rubra in old-growth and minimally disturbed 
forests in eastern North America. Our sampling approach included collecting at 
least 30 trees per site. Many studies of chloroplast diversity assume beforehand 
that only one haplotype will be present in a given population and therefore, large 
sample sizes are unnecessary. Our studies of forest fragments in which we geno-
typed all of the Quercus rubra in the stand (Feng et al. submitted) suggest that 
haplotype heterogeneity (two or more haplotypes at frequencies greater than 5% of 
the population) is a natural occurrence that will be missed when sample sizes are 
very small (<10). Our aims in this study were to answer these three questions: 1) 
does Q. rubra cpDNA diversity decline across a latitudinal gradient 2) are popula-
tions at the northern edge of range fixed for a single haplotype and 3) can the most 
recent postglacial recolonization routes be reconstructed using the contemporary 
biogeographical distribution of chloroplast haplotypes?

In four years of genotyping, we have found only the five haplotypes we en-
countered in our preliminary study (Romero-Severson et al., 2003). Haplotypes 
I and II were the most common. In the eight sites north of 44° N, we detected 
only haplotypes I and II and six out of eight sites had only one haplotype (Fig-
ure 2). The 59 trees sampled from Isle Royale (47.55° N 89.02° W), the largest 
island in Lake Superior and close to the northern range limit for northern red oak, 
were monomorphic for haplotype II. Haplotype III, locally abundant in the Pioneer 
Mothers Memorial Forest (Feng at al. submitted), and detected at a site near the 
Pioneer Mothers Memorial Forest in a previous study (Romero-Severson et al. 
2003), occurred in only one other site, the Indiana Dunes, where it is also locally 
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abundant. Previous studies detected haplotype IV at a site south of glaciation line 
(Romero-Severson et al. 2003), but we have not found haplotype IV at any other 
site. Haplotype V occurred at five Indiana sites north of the glaciation line and two 
sites west of the glaciation line. Although haplotype V is locally abundant at four 
of these sites it was not found north of 43° N or south of 40° N.

Haplotype III has a clear latitudinal gradient, from southern to northern In-
diana, but haplotype V occupies the center of the sampled area.  The maternal 
ancestors of these trees could have originated from Texas and successfully colo-
nized the western part of range while the maternal ancestors of haplotype III trees 
originated from Appalachian refugia and colonized north, across the open plain of 
central Indiana. The pattern of insertions and deletions in the genotyped part of the 
chloroplast genome suggests that haplotype V predates the others, while haplotype 
III is most recent. Tests of these hypotheses require more sampling in regions west 
and south of the LGM.

Repeated founder effects and adverse interactions with pests, diseases and ag-
gressive, shade-tolerant species as recolonization proceeded northward could also 
have resulted in loss of genetic diversity in the oak nuclear genome. Loss of genetic 
diversity in the nuclear genome depends on the distribution of reproductively com-
petent female parents and the effective size of the pollination neighborhood.  As 
the pollen of all Quercus species is small (~x) and smooth, long distance transport 
by wind could result in pollination neighborhoods many kilometers in diameter, 
mitigating both the founder effect and severe anthropogenic disturbance arising 
from land clearing, timber harvest and urban sprawl.  However, previous studies 
(Smouse et al. 2001; Sork et al. 2002) have shown that oak pollination neighbor-
hoods are remarkably small (tens of meters), although long-distance pollinations 
can occur (Dodd and Afzal-Rafii 2004).
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Another complication arising in genetic studies of the nuclear genome is the 
infamous tendency of oaks to hybridize with one another. Based on whole tree 
silvic characters, northern red oak can hybridize with nearly a dozen other red 
oaks (Jensen 1995). The oaks within Quercus section Quercus also hybridize with 
one another. This classic characteristic of the Quercus genus provides us with an 
excellent opportunity to examine the genetic basis of “species typical characters” 
and elucidate how taxon distinctness is maintained when barriers to gene flow 
among taxa appear minimal or absent. Perhaps the Lobatae and Quercus sections 
of the Quercus genes are phylogenetically young and not enough time has passed 
for barriers to arise among the members of both sections. Alternatively, the sec-
tions are phylogenetically old but multiple glaciation events during the Pleistocene 
may have resulted in species assemblages not normally found together. In these 
circumstances, where some species are duress, hybrids that would ordinarily be 
noncompetitive may be superior. Under the strictest definition of the biological 
species concept (no viable and fertile hybrids permitted), the Lobatae in the east-
ern United States would lump into a handful of species at most. Fortunately, these 
hypotheses are now testable.

We have now developed 34 microsatellite markers  for Quercus rubra (Al-
drich et al. 2002; Aldrich et al. 2003a). These microsatellite markers are highly 
polymorphic not only in Q. rubra, but also in Q. shumardii and Q. palustris. In 
one of our studies we used 15 microsatellites to compare the genetic relatedness 
of these three species with taxonomic designations (Aldrich et al. 2003b).  In the 
20.6 hectare old growth forest fragment we chose for this study, mature trees num-
bered (>10 cm DBH) numbered 620 (Q. rubra), 108 (Q. shumardii) and 101 (Q. 
palustris). Although the trees did group into distinct genetic clusters, these clusters 
did not correspond to the species identification, indicating that whole tree silvic 
characters may not reveal the true extant of hybridization (Figure 3). 
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The development of a suite of nuclear DNA markers is the first step in detect-
ing the order of genes along the chromosomes. As genes tend to occur in the same 
order within the same species, gene order can used as a taxonomic character. The 
relative degree of polymorphism across genes can reveal regions where genes that 
confer fitness lie. When natural selection for a given trait is strong (e.g. resistance 
to an endemic disease), the genes that confer this trait tend to become less and less 
polymorphic as selection weeds out the weaker alleles. The genes that happened to 
be linked to the gene carrying the best alleles will also tend to become monomor-
phic if selection is severe. This “hitchhiker” effect results in a significant drop in 
polymorphism in the region where pest resistance genes are located. A genetic map 
is also required to properly interpret the meaning of associations among alleles 
of different genes. If two genes are located very close together (tightly physically 
linked), then, because genetic recombination will occur between them only rarely, 
the alleles of both genes tend to be inherited together. If, on the other hand, the al-
leles of two genes show strong association and we know that they are not physical-
ly linked (linkage disequilibrium without physical linkage), then we have a good 
circumstantial case for active selection of these specific allele combinations.

The classic approach to making a genetic map requires that we have two known 
parents and progeny from only those parents. Other approaches are possible but the 
classic design has the most power for a given progeny population size. Most the 
Lobatae, including northern red oak, take two years to produce a given acorn. This 
makes structured cross problematic. However, a mature oak can produce thousands 
of acorns every year and the data on other oaks suggest that the pollination neigh-
borhood is small. Therefore, there might be hundreds of acorns on a tree that were 
pollinated by a single male. We have encountered disbelief from nearly everyone 
(including funding agencies) by single-mindedly pursing this idea, and have found 
that our assumptions were correct. We now have in hand a full sib population of 
nearly three hundred seedlings and are actively screening and mapping our own 
microsatellites and other types of genetic markers as they become available. 

This work is merely a prelude to the effort that is to come. Our goal is to 
establish an integrated genetic and genomics program for our native oaks that has 
the enthusiastic support of applied foresters, sivaculturists, forest tree geneticists, 
taxonomists, population geneticists, private foundations, public funding agencies 
and dedicated ordinary people who love our native oaks and do not want our chil-
dren and grandchildren to witness their loss and wonder why those who could did 
not do more to save them.
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Photo Gallery

Memories provided for you by photographers
Beatrice Chasse, Jim Hitz, Guy Sternberg

and Mike Tyner

It’s difficult to climb  
Quercus havardii, isn’t it?

photo © Beatrice Chasse

Oak-juniper woodland seen from the Laguna Meadows trail, Big Bend National 
Park. photo © Beatrice Chasse
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An ancient specimen of Quercus grisea in the Davis Mountains, western Texas.
photo © Beatrice Chasse

Quercus grisea woodland in the Davis Mountains.
photo © Beatrice Chasse
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Quercus muhlenbergii clings to a cliff in McKittrick Canyon, Guadalupe Moun-
tains National Park.

photo © Beatrice Chasse
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A clonal group of Quercus havardii in the sand hill country of western Texas.
photo © Jim Hitz

Sometimes thirsty trekkers must be left behind in the cruel desert.
photo © Jim Hitz
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Examing the extensive native oak plantings established by the famous oak expert 
Benny Simpson years ago at our conference site.

photo © Guy Sternberg

Our conference Chaiorperson David Richardson opens the banquet.
photo © Guy Sternberg
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Dan “Oakman” Keiser displays his award.
photo © Guy Sternberg
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The final meeting of the 2003-2006 Board of Directors extending late into the night 
– Jablonski, McCreary, Lance, Coombes, Mendoza, Hess, Sternberg.

photo © Guy Sternberg

Guy Sternberg’s seed display of more than 300 taxa of Fagaceae.
photo © Guy Sternberg
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Inna Birchenko unveils her poster on genetics and dispersal of Quercus rubra. 
Behind her are some of the oak seedlings from Taltree Arboretum.

photo © Guy Sternberg

Preparing for the general busines meeting. photo © Guy Sternberg
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Allan Taylor studies the hybrid seed tables at the seed exchange
photo © Guy Sternberg
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All three of our past presidents serve with president Allen Coombes on the current 
board – Coombes (4), Jablonski (3), Lance (2), and Sternberg (1).

photo © Guy Sternberg

Dirk Benoit (left) grafted and named the commemorative tree plantaed by  outgo-
ing president Eike Jablonski and incoming president Allen Coombes. It was named 
in honor of deceased member Aydin Borazan.

photo © Guy Sternberg
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The Oak Gavel is passed from Eike Jablonski to new president Allen Coombes.
photo © Guy Sternberg
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David Richardson (left) arranged for a tour of the SFA=Mast Arboretum led by 
director David Creech (right). photo © Guy Sternberg
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The bus screeches to a halt and disgorges ruthless hoards of seed gleaners.
photo © Guy Sternberg

One of the ancient live oaks that the founders of Independence, Texas noted when 
the community was formed - thought to represent introgression between Quercus 
virginiana and Quercus fusiformis. photo © Guy Sternberg
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A majestic old oak tree considered to be a likely intermediate between Quercus vir-
giniana and the closely related Quercus fusiformis, found at Independence, Texas.

photo © Guy Sternberg

Part of the old live oak grove at Independence, Texas (Putative Quercus virginiana 
x Quercus fusiformis). photo © Guy Sternberg
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One of the rows of seed tables at the exchange. photo © Guy Sternberg
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Some of those who drove to the conference saw champion trees like this Quercus 
pagoda south of Lexa, Arkansas being measured by Gert Fortgens, R.J. Fehl, and 
Shaun Haddock. photo © Guy Sternberg

The seed crew spent several hours sorting all the seed alphabetically for the 
exchange - Don Cobb, Ron Lance, R.J. Fehl, Bob McCartney, and Guy Sternberg.

photo © Guy Sternberg
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Eike and “Oakie” (Eike Jablonski and Dan Keiser) with Dan’s Special Service 
Award. photo © Mike Tyner
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The banquet begins. photo © Mike Tyner

Treasurer Bill Hess keeping track of revenues from dues and sales of souvenir pins, 
caps, and shirts. photo © Mike Tyner
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Host David Richardson describing the trees being seen from the tour bus.
photo © Mike Tyner

New president Allen Coombes (facing the camera) outlines his agenda for the new 
board of directgors in their first meeting. photo © Mike Tyner
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Three very popular conference activities were photography (Guy Sternberg, left), 
seed collecting (Emily Griswold, center), and  note-taking (Henry “Weeds” Eilers, 
right). photo © Mike Tyner

In recognition of his work on the conference, an oak hybrid that he found and 
propagated is being named for David Richardson.

photo © Mike Tyner
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En route to the conference, members gather seed from the ortet tree of Quercus 
nuttallii (syn. Q. texana) ‘New Madrid,’ a colorful cultivar of Nuttall’s oak that 
comes true from seed. photo © Mike Tyner

Guy Sternberg, who discovered the cultivar, and R.J. Fehl sort seed of Quercus 
nuttallii ‘New Madrid’ into bags for the seed exchange.

photo © Mike Tyner
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When the doors are opened, the acorn raptors race into the seed exchange.
photo © Mike Tyner

Touring the Texas A&M Univsersity demonstration plantings begun by the late oak 
hero Benny Simpson at our conference site. photo © Mike Tyner
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Allen Coombes prepares to label herbarium specimens he is collecting as Guy 
Sternberg looks on. photo © Mike Tyner

Harvesting seed from the oak 
collection established by the 
late Benny Simpson at the 
conference site.

photo © Mike Tyner
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Experiencing ancient cypress (Taxodium) trees at Doracheat Bayou in northern 
Louisiana with Oak Society member Larry Burford (sixth from right) en route to 
the conference.

photo © Guy Sternberg
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Long-time Oak Society member Larry Burford (third from left) was unable to 
attend the conference but showed many of us some Arkansas trees, like the large 
Quercus arkansana behind us at Bodcau bayou, en route to Texas - thanks Larry!

photo © Guy Sternberg
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Authors’ Guidelines
 
General Policies

The International Oak Society will accept articles for International Oaks from 
members or non-members as long as the material presented is pertinent to the ge-
nus Quercus.  Written contributions may be scientific/technical papers, historical, 
horticultural, instructional or general interest material (stories/articles of a particu-
lar tree, event, place, person, etc.) or letters to the editor; a mix of categories is ac-
cepted.  Material may be previously published or unpublished.  The author’s name, 
title, address, telephone and/or fax number, and e-mail (if available) should be 
included.  Any contributions longer than 7500 words must be approved in advance 
by the editor.  

 
Copyrights

 International Oaks is not copyrighted, but authors, photographers, and artists 
may claim copyrights on their work.  Anyone wishing to use portions of Inter-
national Oaks for other publications should secure permission from the author, 
photographer or artist, and include a credit line indicating International Oaks as 
the source of the material.  All contributors submitting work thereby release their 
contribution for publication under the terms stated herein.  Authors take full and 
sole responsibility for securing releases for use of material obtained from other 
sources, and agree to indemnify the International Oak Society against any claim of 
plagiarism involving their contribution.

 
Format

Contributions will be accepted in legible format in English only.  Text should 
be restricted to a single, standard font, preferably Times or Times New Roman.  No 
more than two  levels of subheadings should be included.  Electronic files written 
in WordPerfect or Microsoft Word are preferred and must be accompanied by a 
paper copy.  Text may be submitted via e-mail or on floppy disks or CDs.  Do not 
add page numbers, borders, headers, or footers.  Double space all text, including 
citations, use no indents, and avoid bold type, custom margins, and other optional 
format codes.  Authors submitting papers in other formats must pay $10 US per 
manuscript page, in advance, to help defray the additional costs of reformatting 
for publication.  Illustrations and photographs may be submitted via postal mail on 
CDs (no DVD or zip disks accepted) in IBM-compatible TIFF or high-resolution 
JPEG format.  Please do not send GIF files downloaded from internet sources, as 
these tend to have too poor quality for print reproduction.  Power Point images are 
not acceptable because of frequent incompatibility for printing. The minimum size 
for images is 5 inches (13 cm) at no less than 300 DPI resolution for digital art.  All 
artwork should be submitted separately, not as part of the body of the work.  Please 
include full but concise captions and credit lines, exactly as they are intended to 
appear in publication.  Drawings, slides, or photos may be mailed to be scanned, 
and these will be returned upon request.  Illustrations and photos should be sharp 
and compatible with monochromatic reproduction.  Style, citation methods, and 
abstracts are left to the reasonable discretion of the author.  Refer to the current 
Council of Biological Editors (CBE) Style Manual for Biological Journals for gen-
eral guidelines.
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 Tables and charts which are not submitted in camera-ready form (or in an 
electronic format approved in advance by the editor) may be rejected, or subjected 
to a minimum $30 US production fee.  Do not place tables or charts within text 
files, and patterns rather than colors should be used for purposes of clarity in mono-
chromatic reproduction.  All measurements should be expressed in metric units, or 
in metric followed (in parenthesis) by English.  Scientific names, with authority or 
with reference to the treatment in a specified standard taxonomic manual, must be 
included for each taxon discussed.  Author’s byline and address should include all 
information as intended for publication.  Image captions of 8 to 16 words or less 
are requested, and should accompany any images provided.  

 
Review

The editorial committee and editor reserve the right to edit all contributions 
for grammar, correct English translation, current nomenclature, generally accepted 
taxonomic concepts, scientific accuracy, appropriateness, length, and clarity, but 
assume no responsibility to do so.  If such review results in significant disputes 
of factual material, the author will be contacted if possible, or the paper may be 
rejected.  Every effort will be made to retain the original intent of the author.  After 
initial review, work is returned to author(s) for approval before final publication. 
 

Please send disks or hard copy material to:
Guy Sternberg

Starhill Forest Arboretum
12000 Boy Scout Trail

Petersburg, IL  62675-9736
USA

text files may be e-mailed to 
guy@starhillforest.com 

Editor’s Note:    
Due to difficulties in converting GIF files and Power Point images supplied by 
some authors into printable quality images and figures for this Proceedings issue 
of International Oaks, regrettable omissions had to be made.  The editors wish 
to reiterate the importance of adherence to the Author’s Guidelines, regarding all 
author submissions for intended publication.  Due to the page size of this journal, 
reproduced images and figures must be of proper size and clarity, else they will not 
be discernable when converted to print.  Thanks for your future attention to this 
requirement! 
                   – Ron Lance
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The International Oak Society is a nonprofit organization dedicatd to encour-
aging the study and cultivation of oaks (genus Quercus). Begun in 1985 to facilitate 
seed exchange, the Society has grown into a worldwide group bringing together 
oak lovers from nearly 30 countries on six continents. Being a member you will:

• receive a yearly membership directory, an invaluable network of contacts
• receive International Oaks (the journal) and Oak News and Notes (the 

newsletter)
• receive special offers on books, publications and oak-related items
• be able to participate in the triennial conferences and unique seed exchange
• be able to participate in many oak-related events all over the world such as 

the Oak Open Days and others

Become a member today!
International Oak Society Membership Enrollment Form

Name 

Title 

Address 

City  State/Province 

Postal Code   Country 

Telephone: (H)  (B) 

Fax:   e-mail: 
  
   Individual  Family (two members)

One year  USD 25.00  USD 30.00
Two years  USD 45.00  USD 55.00
Three years  USD 65.00  USD 80.00
Life  USD 400.00  USD 600.00

If paying with charge card, please complete the following:     
(circle one)   VISA         Mastercard
#   Expiration date 
Name of cardholder (print) 
Signature of cardholder 

Personal check or International Money Orders accepted 
 in US dollars only, 

made payable and mailed to :
International Oak Society

Membership Office
c/o Dr. Richard Jensen, Dept. of  Biology

Saint Mary’s College
Notre Dame, IN 46556 USA

✁
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INTERNATIONAL OAK SOCIETY

Board of Directors
Allen Coombes (England) President

Guy Sternberg (USA) Vice President, Registered Agent,  
Co-Editor, International Oaks 

Dirk Benoit (Belgium) Propagation & Nursery 
Beatrice Chasse (France) Secretary

  Jo Earle (England) Tours Committee 
Bill Hess (USA) Treasurer

Eike Jablonski (Luxemburg) Promotion & Oak Collections 
 Richard Jensen (USA) Membership Chair

Ron Lance (USA) Editor, International Oaks
Doug McCreary (USA) Editor, Newletter

Finance Committee 
Bill Hess, Treasurer (USA)

Eike Jablonski (Luxembourg)
Richard Jensen (USA) 

 
Editorial Committee

Ron Lance (USA)
Doug McCreary (USA)
Guy Sternberg (USA) 

 
Tours Committee

Barry Denyer-Green (England)
Jo Earle (England)

Shaun Haddock (France)
Jim Hitz (USA) 

Anke Mattern (Germany)
Allan Taylor (USA)

Asian Representative
Keiko Tokunaga (Japan)

Taxonomy & Oak Cultivars
Chair : Allen Coombes (England) 

Eike Jablonski (Luxembourg)
Piers Trehane (England)

 
Promotion & Oak Collections

Chair: Eike Jablonski (Luxembourg) 
John Gammon (England) 

Rudy Light (USA)
Charles Snyers (Belgium)

 
IOS Publication Distribution

Ed Holm (USA)
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INTERNATIONAL OAK SOCIETY
Some of those who have helped make us what we are today

Founder: Steven Roesch (USA)
First publication Director: Nigel Wright (USA)

 
International Founding Members

Stéphane Brame (France)
Susan Cooper (England)

Daniel Dumont (Belgium)
Michael Frankis (England)

JRP van Hoey Smith (Holland)
Istvan Racz (Hungary)

Stelian Radu (Romania)
 

Past Board of Directors 
2003-2006:

Allen Coombes, William Hess, Dorothy Holley, Eike Jablonski,  
Richard Jensen, Ron Lance, Thierry Lamant, Ana Mendoza,  

Doug McCreary, Guy Sternberg, 
 

2000-2003:
Allen Coombes, Dorthy Holley, Eike Jablonski, Dick Jensen,  

Thierry Lamant, Ron Lance,  Peter van der Linden, Doug McCreary,  
Maricela Rodriguez-Acosta, Guy Sternberg 

 
1997-2000:

Allen Coombes, Richard Jensen, Ron Lance, Thierry Lamant,  
Amy Larson, Peter van der Linden, Doug McCreary, Maricela 

Rodriguez-Acosta, Guy Sternberg
 

1994-1997:
Allen Coombes, Amy Larson, Peter van der Linden,  

Guy Sternberg, Nigel Wright
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Special Service Award
Diana Gardener, USA (2003)

Ed Holm, USA (2003)
Rudy Light, USA (2003)
Dan Keiser, USA (2006)

Richard Jensen, USA (2006)
Christian Spinelli, Costa Rica (2006)

 
Lifetime Service Award

Stelian Radu, Romania (2000)
J.R.P. van Hoey Smith, Holland (2000)

Guy Sternberg, USA(2003)
Nihat Gökyigit, Turkey (2006)

Hayrettin Karaca, Turkey (2006)

INTERNATIONAL OAK SOCIETY EVENTS
Triennial Conferences

2006 - Texas A&M University, Texas, USA 
(Chair, David Richardson)

2003 - King Alfred College, Hampshire, England 
(Chair, Allen Coombes)

2000 - The North Carolina Arboretum, North Carolina, USA 
s(Chair, Ron Lance)

1997 - The Huntington Botanical Garden, California USA 
(Chair, Amy Larson)

1994 - The Morton Arboretum, Illinois, USA
(Chair, Guy Sternberg)

Oak Open Days and their Organizers
     2005 - England- Barry Denyer-Green

     2004 - France - Thierry Lamant
     2002 - Turkey - TEMA and led by Adil Güner, Habib Güler, Aydin 

Borazon and Nihat Gokyigit
     2001 - Spain - Francisco Vasquez
     1999 - France - Thierry Lamant

     1998 - Germany - Eike Jablonski
     1995 - England - Allen Coombes and Dorothy Holley






