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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 



Spring 2007 International Oak Journal No. 18 15

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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