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ABSTRACT

GROWTH RATE, TREE FORM AND BARK TEXTURE OF QUERCUS
FALCATA MICHX. AND Q. FALCATA VARIETY
PAGODAEFOLIA ELL. IN FOUR STANDS
IN SOUTHERN EAST TEXAS.

by

Jeff Glitzenstein

Quercus falcata Michx. growth rate, importance (basal area), tree
form, and bark texture were examined over a local gradient in soil
moisture (as inferred from site vegetation, slope position and soil tex¬
ture) .

At drier sites, growth rate was found to be slower, bark was

found to be rougher, and the maximum tree height was found to be small¬
er.

Quercus falcata basal area also differed greatly between study

sites.

However, contrary to expectation, changes in basal area did not

parallel changes in diameter growth rate, suggesting the possible im¬
portance of historical factors in determining the distribution of this
species.

The frequency of occurrence of the two varieties of Quercus

falcata, variety falcata and (£. falcata var. pagodaefblia Ell., was
compared among the four study sites, and within one study site.

As

was found by Caplenor et al. (1968), variety falcata reaches its maxi¬
mum abundance under drier conditions, while variety pagodaefolia is
most abundant in moister environments.
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INTRODUCTION

Quercus falcata Michx. (southern red oak) is a widespread and im¬
portant species, sufficiently so that its range has been used by
Daubenmire (1978) to delimit a (£. falcata Province as an écologie unit
within the Temperate Mesophytic Forest Region.
surprising that understanding of

It is therefore rather

falcata ecology at present consists

of little more than a description of habitat type and a subjective
appraisal of such important adaptive traits
ance.

as shade and drought toler

Objective data to explain species habitat preference are almost

entirely lacking.
fined only to

Furthermore, such data as do exist are usually con¬
falcata var. pagodaefolla (cherrybark oak; e.g., Broad

foot 1969), because this tree is of economic importance (Harlow and
Harrar 1968).

Any study restricted to cherrybark oak, which occurs
*

only on mesic to wet sites, is of limited ecological utility, because
(£. falcata can exploit the entire range of habitat types from relative¬
ly xeric upland pine savannah to bottomland floodplain (Fowells 1965,
Caplenor et al. 1968).
One way in which to assess (^. falcata habitat preference is to
examine variation in growth rate and some measure of importance (e.g.,
basal area) at sites representative of different moisture regimes.

As

Mowbray and Oosting (1968) have shown, if change in soil moisture
directly affects distribution by limiting physiological function, then
change in growth rate will be correlated with change in species abun¬
dance.

If, however, factors such as excessive shading of seedlings and

saplings, disease, fire, human disturbance, improper germination or
pollination requirements (or, in short, any factor which can affect im-

2
portance without affecting growth rate) are influential in restricting
distribution, then growth rate and importance will not be well corre¬
lated, and could, under certain circumstances, even vary inversely.
Therefore, a major thrust of this study was to determine growth
rate of (£. falcata under differing site moisture conditions, and to
examine growth rate differences in comparison to changes in species im¬
portance.

Since height and diameter growth may be controlled in part

by differing aspects of the environment (Auclair and Cottam 1971), it
was decided to examine variability in both height and diameter growth.
The possibility is also considered that form (height versus diam¬
eter) is adaptive in its own right (irrespective of growth rate).
Morphological characteristics can also provide clues as to how
species may be suited for a particular environment.

For example, Horn

(1971) has postulated that certain leaf shapes and arrangements may be
suited for existence in understory (low light) versus overstory (high
light) habitats, and the significance of pubescence, sunken stomata,
and other foliar adaptations to drought or thermal imbalance is well
known (Gates 1968, Knoerr and Gay 1965, Levitt 1972).
Bark texture is another woody plant character which is obviously
variable.

Bark may be very smooth (beech, magnolia), rough (bluejack

and blackjack oaks) platy (sycamore) or shaggy (hop hornbeam).

How¬

ever, the adaptive significance of this variability is entirely unknown.
Even casual observation shows that southern red oak is a variable
species with respect to bark texture.

It was therefore decided that,

as a first step toward understanding the biological significance of
bark texture in general, and its variability in southern red oak in
particular, an attempt would be made to quantify bark roughness in the

3
species, and to look for pattern in the variation.
A secondary aim of this study is to compare the behavior of varie¬
ties falcata and pagodaefolia.

Some authors have considered them

separate species, while others support varietal status, and still
others consider them no more than environmental variants (see following
section).

All three of the characters included in this study, growth

rate, form, and bark texture have been used to separate the two
varieties (Harlow and Harrar 1968).

However, to the best of my knowl¬

edge, comparisons have never been made on sites at which the varieties
co-occur.

It is not within the scope of this study to make a defini¬

tive taxonomic assessment of the two varieties, but it is certainly
true that if the two varieties are found to differ for all properties
examined, the case for specific separation would be strengthened.
Review of the Literature;

Q.

falcata Taxonamy and Ecology

Quercus falcata Michx. is one of the more variable species in a
variable genus.

Muller (1950) cites 23 different designations which

have been applied to the species.

It was first recognized and described

as a species by Michaux in 1801 (Ware 1967).

The tree he described is

now known as typical southern red oak, (£. falcata var. falcata.
rough, ridged bark.

It has

Its leaves, dark green and lustrous above, with

rusty pubescence below, are divided into 1-3 pairs of falcate (scythe
shaped) lateral lobes.
the lateral lobes.

The acuminate terminal lobe is much longer than

The base is rounded or bell shaped (Ware 1967,

Sargent 1922).
In 1801 Michaux recognized a tree with three lobed leaves,
triloba.

The tree was said to be smaller than

falcata.

It was

relegated to varietal status ((J. falcata var. triloba) by Nuttal in 1813.
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Cherrybark oak,

falcata var. pagodaefolia Ell. was recognized

as a variety by Elliot in 1824.

It was later given specific recogni¬

tion by Rafinesque (Q. pagoda) and Ashe (CJ. pagodaefolia) (Ware 1967).
It is described as having light gray-brownish bark, divided into shallow
ridges, and broken into small rectangular plates.

Its leaves are more

sparsely pubescent below, the pubescence having a whitish rather than
a reddish cast.

It has 5-11 lobes arranged in a much more regular

fashion (and less obviously falcate).

The terminal lobe is not appre¬

ciably longer than the others (see Fig. 1 and Table 1 for the various
leaf forms and other distinguishing characters).
A fourth form, differing from the above primarily in the lesser
dissection of the leaves, and of their obovate outline, was recognized
by Ashe in 1918 as a separate species ((J. leucophylla), and then rele¬
gated by the same author to (£. pagodaefolia var. leucophylla.
More recent treatments have ranged from recognition of all of tthe
above forms as varieties of (£. falcata (Vines 1960), to recognition of
none of them (Muller considers all of them to be environmental variants,
caused by differing degrees of shading).

Based upon his observations

of Mississippi populations, Ware reaches the following conclusions:
1)

The differences between the triloba leaf form and the typical form

are entirely functions of environment or stage of development.

Juve¬

nile or shaded leaves are trilobed, while mature and exposed leaves
resemble the typical form.

2)

Leaves of the leucophylla type are the

juvenile or shaded forms of leaves which, in exposed situations, will
develop into the pagodaefolia form.

There is, therefore, little justi¬

fication for the recognition of triloba or leucophylla as separate taxa.
3)

There is a consistent set of differences, even when the trees are

Figure 1.

The leaf shapes of the varieties.

shade or juvenile form of variety falcata.
or juvenile form of variety pagodaefolia.

Triloba is the

Leucophylla is the shade
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found in the same environment, between varieties falcata and pagodaefolia.

These include not only differences in leaf shape and bark tex¬

ture, but also, "a whole series of differences in development, pigmenta¬
tion and pubescence of the leaves of these two forms of oak."

These

differences include: 1) emerging falcata leaves are pale green, while
those of pagodaefolia are deep red.

2)

Pagodaefolia leaves reach full

size earlier than those of the typical form.

3)

The leaves of variety

pagodaefolia change color earlier in autumn.

4)

The tepals of the

pistillate flowers of variety falcata are red, while those of pagodae¬
folia are not.

Several other differences are also cited by Ware.

He

believes these differences are of sufficient magnitude to justify the
rerecognition of (£. pagodaefolia (Ell) Ashe.
convincing.

Ware's arguments are

Unfortunately, he fails to provide the quantitative data

to support them.
The results of a more recent study of Hicks and Burch (1977) on
twenty trees (five trees assigned tentatively, on the basis of leaf
characteristics, to each of the four putative varieties) support Ware's
conclusions.

They measured 15 twig, bud and floral characteristics

and subjected the results to statistical analysis (including analysis
of variance, cluster analysis and factor analysis).

In summary, they

state, "The concurring results of these analyses lead us to conclude
that the Indicated two way grouping (falcata-triloba vs. pagodaefolialeucophylla) reflects real differences, not only in leaf characteris¬
tics, but also in twig and organ morphology, and that it probably re¬
flects a closer approximation of true phylogenetic relationships than
the four varieties based on leaf shape alone."

However, unlike Ware,

Hicks and Burch are uncertain as to "whether this two way grouping

9
reflects differences that should be recognized at the species or variety
level.”

Their study is unable to provide an answer to this essential

question because they cannot rule out environmental variation as the
causative agent of those differences.

The trees they tentatively as¬

signed to varieties triloba and falcata were from upland stands, whereas
leucophylla and pagodaefolia individuals were selected from bottomland
populations.
Other species characteristics, especially those of more ecological
interest, have received even less attention.

According to Fowells

(.1965) no data on growth rates have ever been compiled for the typical
variety.

Putnam (1951) states that cherrybark oak grows at the rate

of 3-6 inches in diameter per 10-year-interval (.76-1.52 cm/yr), but
the lower limit is likely unrepresentative since it is often Forest
Service procedure to select trees growing in favorable competitive posi¬
tions on bottomland sites.

Interestingly, bark roughness is supposed

to be an indicator of vigor for cherrybark, with slower growing trees
having rougher bark (Putnam, Furnival and McKnight 1960).

However,

data are not given to prove this contention.
Typical southern red oak has been rated as intermediate (Baker
1949) to intolerant (Jemison and Hepting 1949) of shading.
oak has also been considered shade intolerant (Putnam 1951).

Cherrybark
Ware,

however, cites observations by Caplenor et al. (1968) to the effect
that where the two varieties occurred together on upland sites with
thin loessal deposits variety pagodaefolia "was generally limited to
relatively undisturbed forests," while, "the typical form occurred al¬
most exclusively in openings formed by disturbance." This causes Ware
to conclude that cherrybark may be more tolerant than variety falcata
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of low light conditions.
The one fact that seems beyond dispute is that the varieties of
(£. falcata achieve maximum importance in different habitats.

Caplenor

et al. (1968) have shown that in their study area, the Mississippi
alluvial plain, variety pagodaefolia reaches maximum importance in
bottomland communities or in areas with thick loess deposits.
southern red is important only in upland non-loess communities.

Typical
These

differences in soil types have been shown, by Caplenor et al. (1968),
to correspond to significant differences in water availability.
The results of Caplenor et al. (1968) are in agreement with the
composite picture of the varieties which Fowells (1965) has extracted
from the forestry literature.

Variety falcata is said to occur in dry

uplands, becoming especially prominent on south and west facing ridgetops and upper slopes.

Cherrybark oak is said to prefer moist sites,

which occur, for the most part, along streams.

However, it cannot

tolerate wet or swampy conditions, requiring instead soils which are
deep and well drained.
Variety falcata is a major component of two of the Society of
American Foresters (1954) forest cover types: Virginia Pine (Pinus
virginiana)-Southern Red Oak and Shortleaf Pine (Pinus echinata)-Oak.
It is listed as a minor component of the Beech (Fagus grandifolia)Southern Magnolia (Magnolia grandiflora) cover type, and as occurring
occasionally in the swamp chestnut oak (Quercus michauxii)-cherrybark
oak community.

Common associates of the variety are white oak ((J. alba),

black oak ((£.. velutina), scarlet oak (Q. coccinea), post oak (Q.. stellata), blackj ack oak ((£. marilandica), sweetgum (Liquidamber styraciflua), blackgum (Nyssa sylvatica) and several upland hickories.

In

Figure 2.

Range maps for (£. falcata and for

pagodaefolia.

From Harlow and Harrar (1968).

falcata var.

Quercus faîcata.

Çuercus faicata var,
pagodaefolia.
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eastern Texas, Fowells says, shortleaf and loblolly pines (Pinus taeda)
are commonly associated with the typical variety.
Variety pagodaefolia is an important species in the beech-southern
magnolia cover type, a community in which beech predominates; other
frequently occurring species include southern magnolia, sweetgum, blackgum, yellow poplar (Liriodendron tulipifera), white oak, white ash
(Fraxinus americana) and various hickories (Carya spp.).

It is a major

dominant or a common species in stands classified by Fowells as swamp
chestnut

oak-cherrybark oak cover type.

Besides the two trees for

which the cover type is named, other important species include white
ash, shagbark hickory (Carya ovata), shellbark hickory (Carya laciniosa).
bitternut hickory (C. cordiformis) and mockernut hickory ÇC. tomentosa).
Other less important, but still prominent species, include blackgum,
white oak, delta post oak ((£. stellata var. mississippiensis), sweetgum
and shumard's oak (Q. shumardii).
Fowells gives the range of (£. falcata (Fig. 2) as: Long Island,
New York and New Jersey, south to northern Florida, through the gulf
states to the Brazos Valley in east Texas, eastern Oklahoma, Arkansas,
and northward from southern Mississippi to southern Illinois and Ohio.
Throughout most of this range, conditions are said to be humid, with
mild short winters and no distinct dry season.

The average annual pre¬

cipitation ranges from 100-127 cm, and the average annual tempera¬
ture varies between 16-21 degrees C.
The range of £. falcata var. pagodaefolia (Fig. 2) is similar to
that of typical

falcata, except that in the eastern part of its range

its northern limit is in southeastern Missouri and southwestern Indiana.
As a consequence of its slightly more southerly affiliation, the average
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annual precipitation in the range of cherrybark oak is somewhat higher
(127-152 cm), and the average annual temperature is somewhat warmer
(18-21°C) than in the range of the typical form.
Both Harlow and Harrar and Fowells agree that typical southern
red oak is a medium-sized tree (21-24 meters high, 61-91 cm diameter;
Fowells 1965) with an extensive rounded crown.

However, Harlow and

Harrar say that C£. falcata has a short trunk, while Fowells describes
it as having a long, straight trunk in forest stands.

Fowells' source

of information for this point (Collingwood 1943) is a very general,
descriptive article, containing no supporting data.

Harlow and Harrar

describe cherrybark oak as more massive and better formed (meaning,
presumably, that it gets taller before it branches for a given diame¬
ter) than southern red oak, often reaching heights of 30-40 m, and
diameters of 91-152 cm.
According to Fowells, flowering for variety falcata occurs,
throughout most of its range, during April and May.
September through October.

Fruit ripens in

"Specific requirements for germination and

survival are not known."
Variety pagodaefolia is supposed to flower from March-April.
This apparently earlier flowering period is probably a consequence of
the southerly nature of its range, rather than a real difference at any
one site.

Hicks and Burch found no statistically significant phenologi-

cal differences among the varieties in the Nacogdoches area.
Briscoe (1961) has shown that submersion of cherrybark oak acorns
for 84 days significantly reduces'germination percentage.

This re¬

sult explains, at least in part, the failure of the tree to occur on
continually wet or swampy sites.

15
Both var. falcata and variety pagodaefolia are susceptible to fire
scars and subsequent heart rot diseases, presumably because they have
thin bark (Fowells).

Sargent (1922) gives the bark thickness of varie¬

ty falcata as 1.2-2.5 cm, and of variety pagodaefolia as 2.5 cm.

Be¬

cause both varieties are sensitive to fire, this factor cannot be in¬
voked to explain the restriction of cherrybark oak to streamsides and
other moist areas (at least until someone is able to demonstrate a dif¬
ference in sensitivity).
One final note of ecological interest is that DeBell (1971) has
demonstrated the phytotoxic effect of cherrybark oak leaf leachate on
sweetgum seedlings.
acid.

The allelopathic agent was shown to be salicylic

It is not known whether leaves of the typical variety show the

same effect.

METHODS

Study area:
The Big Thicket National Preserve (Fig. 3) in southern east Texas
is a good place to begin to answer some of the questions about southern
red oak.

It has high between habitat diversity, including both wet

and dry sites, and various intermediate conditions (Marks and Harcombe
1978), so that it supports both

falcata var. falcata (typical south¬

ern red oak) and (£. falcata var. pagodaefolia (cherrybark oak).
The Preserve is located within 120 km of the upper Texas coast,
between 30 and 31 degrees north latitude.

The proximity of the area to

the Gulf of Mexico insures a warm, humid climate during most of the
year.

The average annual temperature averages 19.5 C, with an average

monthly minimum of 10.6 C in January, and a maximum of 27.6 C in
August.

Precipitation averages 132.48 cm annually, however, year-to-

year variation can be significant (e.g., at the Beaumont weather sta¬
tion, the yearly minimum was 64.94 cm in 1899, while the maximum, in
1946, was 212.9 cm)(Trenchard 1977).
The Preserve is located on the Quaternary Gulf Coastal Plains
(Bernard and Leblanc 1965).

These plains are depositional in origin,

with the most recently formed located nearest to the Gulf.

Those

formations upon which the Big Thicket is located are of Pleistocene
origin, and include (in order of deposition), the Willis, the Bentley,
the Montgomery and the Beaumont formations (Geologic Atlas of Texas,
Beaumont sheet 1968).

Because the older surfaces have been exposed to

erosion for longer periods of time, they are consequently of greater
physiographic diversity than are more recent formations (Quarterman

Figure 3.

The location of the Big Thicket National Preserve in

southern east Texas.

Shown are Tyler, Liberty and Hardin Counties.
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and Keever 1962, Wells 1942), which tend to be flat and poorly drained.
The older formations are also higher, the Willis reaching elevations
of 61-183 m, the Bentley ranges from 30-61 m, the Montgomery from
21-38 m and the Beaumont from a few cms above sea level to 61 m (Ber¬
nard and LeBlanc 1965).
On the whole, the Big Thicket may be included within the Southern
Mixed Hardwoods Forest as described by Quarterman and Keever (1962).
*

Pinus taeda is currently an important component of the vegetation,
especially on disturbed sites.

Most of the potential hardwood over¬

story dominants of the S.M.H.F. are important in the Thicket: Fagus
grandifolia, Magnolia grandiflora, Quercus alba, Quercus laurifolia,
Liquidamber styraciflua, Nyssa sylvatica, Carya tomentosa, Ilex opaca,
Quercus falcata.

An important difference between the Big Thicket and

the Southern Mixed Hardwood Forest in general is that it possesses
several distinct community types (Marks and Harcombe 1978), while in
the S.M.H.F.

"there is, at present, no grouping of these many species

into association segregates."

(Quarterman and Keever 1962).

In this

respect, the Thicket resembles the Southern Mixed Hardwood Forest of
northcentral Florida, as described by Monk (1965).
Study sites:
Since the purpose of this study was to examine southern red oak
behavior in different habitats, it was necessary to include stands
representative of a wide range of conditions.

The following four study

sites were chosen because they represented a range of soil water condi¬
tions from xeric to wet mesic, almost the entire range exploited by

Q.

falcata.
Site soil moisture was not determined directly, but was instead

2Q
Inferred from site vegetation and physical properties.

The species com¬

position of each stand had been previously determined by Harcombe and
Marks (unpublished), as had site slope, slope position and soil texture.
A reciprocal averaging ordination (Hill 1973), which included the
stands used in this study as well as 50 others, indicated that the chos¬
en stands were very different compositionally, and that the differences
were explained by those site physical properties, mentioned above, which are
usually taken to indicate soil moisture status (Marks and Harcombe 1978).
Both the species composition, and site topography and soil texture
are described below in more detail.

Fig. 4 and Table 2 summarize the

location and description of each study site.
Stand 1)
sampled.

The Roy Larson Preserve: This was the driest site

The site is located in Hardin County, Texas, between Kountze

to the west, and Silsbee to the east.

It is bounded on the north side

by Texas Highway 418, on the south by Route 327, and on the west by
Village Creek.
The stand has less than 1 percent slope.

It Is located within

.8 km of Village Creek, and has a fairly high water table in summer
(within 4 meters of the surface; Harcombe, personal communication).
This latter factor may indicate that water is not limiting to growth
for those plants with deep tap roots.
On the basis of vegetation and soil texture, the stand would be
classified by Marks and Harcombe as a Pine Sandhill.
origin, the stand is dominated by Pinus palustris.

Of second growth
Quercus incana and

Pinus taeda are also important, while (£. falcata var. falcata is a
minor component.

Marks and Harcombe measured tree density, diameter

and species composition at the Roy Larson Preserve by the point-centered

Figure 4.

The approximate location of the four study sites
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quarter method of sampling (Cottam and Curtis 1956), and at the three
other sites to be described, by 20 randomly placed 250 m

circular plots.

The soil is a loamy sand, with a sand content of 83% (the average
of four composite samples).

The soils of this site have not been

mapped, but on the basis of descriptions of area soils (SCS ms), it is
probably a Tonkawa fine sand.

These soils are excessively drained, and

are rapidly permeable.
Stand 2)

Beech Creek: This stand is located on the east side

of the Beech Creek Unit of the Preserve, about 16 km NW of Spurger, in
Tyler County, Texas.

The Beech Creek Unit is bounded by Route 92 on

the east, and by Route 2992 on the west.

The sampled stand is located

on the eastern border of the preserve, about 5 km south of the NE corner
of the Unit.
The stand is on a north facing slope, with about 5% slope.

Its

position on the slope ranges from slope top to midslope.
In the top 15 cm sand content ranges from 52-76%, and the soil is
a sandy loam, or loamy sand.
fine sandy loam (SCS ms.).

The soil is mapped as a Gallime-Alazan
Gallime soils compose 50-70% of the complex

and are said to be deep, well drained and moderately permeable.
The stand is classified by Marks and Harcombe as an Upper Slope
Pine Oak forest.

Quercus falcata is the dominant species in the stand.

However, both varieties are present, with (£. falcata making up about
75% of the red oaks in the stand (see page 27)*

Closely following

(^. falcata in importance are Pinus echinata and P^. taeda, though the
latter has been severely decimated in recent years by the pine bark
beetle.

This destruction has caused considerable opening of the canopy.

Other important species are Liquidamber styraciflua, (£. alba, and Ilex
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opaca.
Stand 3)
ing dryness.

Cotton Road: This stand is next, in order of decreas¬
It is in the Lance Rosier Unit of the Big Thicket National

Preserve, about 5 km southeast of Saratoga, Hardin County, Texas.

The

stand is easily accessible from Cotton Road, which is an unpaved road
which leaves Route 770 just east of Saratoga.
The stand is located on a gently sloping (3 percent), west facing
slope.

Its downslope border is marked by the sudden appearance of

palmetto (Sabal minor), at the transition into another soil type.
upslope boundary is a former lumber company survey line.
position of the stand is midslope.
range from 45-51 percent sand.
sandy loam (SCS Ms.).

Composite samples of the top 15 cm

The soil is mapped as a Segno fine

The stand is included in the Midslope

Oak Pine forest of Marks and Harcombe.
taeda.

Dominants are (£. alba, Ilex

Pine bark beetle damage at this site is not as

severe as at Beech Creek.
in the stand.

The slope

It is described as moderately well drained, with

surface runoff slow to medium.

opaca and

Its

Quercus falcata is an important species

Thirty-six percent of the (). falcata individuals

are cherrybarks.

Selective cutting has also probably been practiced

at CR.
Stand 4}

Loblolly Unit: The wettest area sampled was the north

side of the Loblolly Unit of the Big Thicket Preserve.

This site is

located about 6.5 km NW of Batson, Texas, in Liberty County.

The Unit

is located to the north of Route 162 and about 5 km to the west of the
Hardin County line.
Two stands sampled by Harcombe and Marks were included in this
area, these being located in the north-central and northwest portions
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of the Unit.

The soil underlying the north-central stand is mapped as

Vamont Clay (SCS manuscript).

It is a deep, clayey upland soil found

on level to gently sloping areas.

Drainage is poor to somewhat, poor,

and available water capacity is said to be high.

The composite soil

sample collected by Harcombe and Marks is a silty clay loam, with sand
content varying between 15 and 20%.
The northwest stand includes both Vamont Clay and Guyton Silt Loam
soils.

This latter is also poorly drained.

It is a deep, acid silty

soil that occurs on depressed to nearly level areas.
Marks sample was a loam.

The Harcombe and

Sand content ranged from 23-40%.

All red oak trees on the site were found to be variety pagodaefolia,
which is one of the more important taxa present.
the north central stand is

The stand dominant in

michauxli (basket oak; see Table 1).

Also important are Fraxinus pennsylvanica, Nyssa sylvatica, (£. phellos,
and Liquidamber styraciflua.

Most of the same species are important

on the west side, although in differing proportions.
the stand dominant.

(£. phellos is

Carpinus caroliniana and (£. nigra also become

important in this part of the Unit.
It is possible that the north side of the Unit is virgin woodland.
No signs of human disturbance are present.

Many of the trees are very

large, and size class distributions imply an all aged forest.
Sampling Scheme:
For each of the chosen stands there is a survey line bordering one
side of the sampling area.

Random points along each line were chosen.

Starting at these points, transects were walked in a direction perpen¬
dicular to the survey line.

As southern red oak trees were encountered,

they were assigned to variety falcata or pagodaefolia, based upon the
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leaf characteristics described by Ware (1967)(see Table 1).

Trees were

aged, and bark texture (technique described later), height and diameter
at breast height were recorded.

Since some trees could not be aged (be¬

cause of heart rot in most cases), and also because age and height data
were much easier to collect than bark textural data, extra trees were
sampled for age and height.
Extra trees were also sampled at stands 2 and 3 for cherrybark oak
only.

This was done because a larger sample size was needed for intra¬

site bark comparisons between the varieties.

These extra samples were

not included in the intersite overall comparisons because of the possi¬
bility that they would bias stand data towards cherrybark oak charact¬
eristics.
Since the instrument used to measure bark texture would only work
effectively on trees between 10 and 50 cm in diameter, all samples are
biased against very small and very large individuals.
Determination of Varietal Importance at Stands 2_ and 3:
Since Harcombe and Marks did not consistently differentiate the
two varieties, it was necessary to make an accurate determination of
the proportion of the total species basal are which should be assigned
to each variety.

This was done by walking extra transects through the

sampling area, and, restricting observation to 15 m on either side,
recording the variety of each red oak.

In this way it was determined

that at stand 3 the proportion of cherrybarks was 12/33 (36 percent),
while at Beech Creek the proportion was 18/64 (25 percent).

Variety

basal area values were determined by multiplying the total (£. falcata
value by the proportion of the species belonging to each variety.
are the values which appear in Table 3 and Fig. 4.

These
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At stand 3 the distance from slope top at which each tree was found,
was also recorded.

This information permits analysis of the covariance

of varietal importance with slope position.

Transects at stand 3 were

continued beyond the downslope boundary of the sampling area in order
to accurately determine the lower limit of species occurrence.
Measurement Techniques :
Mean annual increment was determined by counting growth rings and
dividing by diameter.

Height was measured by triangulation.

Bark micro-relief was measured using an instrument described by
Yarranton (1967).

Essentially, his instrument consists of an aluminum

ring of known inner diameter which is divided into two semicircles, so
that it can be easily attached to, and removed from, a tree.

At regu¬

lar intervals along the ring the distance from the tree trunk to the
ring is recorded.

Using these measurements, a scale tracing of the

trunk cross section can be constructed.

Since Yarranton*s purpose in

constructing the instrument was to describe the habitats of the various
lichen species that live on bark he did not use his measurements to
quantitatively describe the bark texture of the trees he examined.
However, it is quite simple to do this.
On my version of the Yarranton instrument, measurements of dis¬
tance from the ring to the trunk are made every 2.5°, resulting in 144
measurements per tree.
These measurements can be used to create an estimate of trunk cir¬
cumference.

Circumference is also estimated by tape measure; the latter

estimate is lower than the former, because a tape cannot penetrate in¬
dentations in the bark.

The difference between the two measures, stan¬

dardized to unit circumference (and multiplied by 1000 to make the num-
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ber easier to work with) is the measure of bark roughness (BR).

Sym¬

bolically:

BR * £(Ca-Ct)/Ctj X 1000, where Ca is circumference determined by
the Yarranton device, and Ct is circumference determined by tape meas¬
ure.
It must be admitted that bark roughness, as defined by this tech¬
nique will include relatively major irregularities in trunk shape as
well as micro-relief.

This may prove to be a weakness in the technique

if our level of knowledge about bark becomes such that it will be de¬
sirable to separate these two components.
All bark textural measurements were made at the height of 1 meter
from ground surface.

RESULTS AND DISCUSSION

Results and discussion of tree diameter and height growth are
grouped together in the first part of this section.

Discussion will cen¬

ter about the question: Do southern red oak trees grow more slowly at
xeric sites, and can variability in growth explain variability in impor¬
tance?

Consideration will be given to the possible influence of fire

and other forms of disturbance in limiting (£. falcata occurrence.

The

second part of the section will deal with variability in tree form
(height versus diameter) and its possible adaptive significance.

In

the third part of the section, similar consideration will be given to
bark texture.

Statistically significant differences between varieties,

for all characters examined, will be discussed under the appropriate
subheading.
Growth rate and importance:
Mean radial growth rates are presented in Table 4.
means are plotted against average soil sand content.

In Fig. 5 these

As expected, drier

sites (higher percentage sand) show generally lower growth rates.

Stand

2, with mean annual growth of .399 cm/yr has the lowest site mean, and
the second highest percent sand (63.5).

Stand 4, which has the.finest

soil texture (25.1 percent sand) shows the highest growth rate.
Analysis of variance (Sokal and Rohlf 1969) shows differences be¬
tween site means to be highly significant (P < .001).

Comparison of

mean growth rate by analysis of variance, rather than comparison of
shapes of diameter versus age curves by analysis of covariance is legiti¬
mate because there is no significant non-linearity in the diameter-age
curves even when regression lines are forced through the origin (Table 5).
(The exception to this generalization is stand 4, which does have a sig-

Figure 5.

Variability in Quercus falcata growth and basal area
»

across the soil texture gradient.

The soil of site 1 is 83% sand,

site 2 is 63.5% sand, site 3 is 47% and site 4 25% sand.
line is diameter growth rate.

The dotted

The horizontal bars around site 2

are growth rates for var. falcata and var. pagodaefolia, top and
bottom, respectively.
ficantly at site 3.

Varietal growth rates did not differ signi¬
The solid line is basal area (closed circles,

all southern red oak; open circles, var. falcata; triangles, var.
pagodaefolia).
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TABLE 3.
(£. falcata basal area, density and basal area/tree
at the four sites.a
Site

Basal area (m^/ha)

. Density (trees/ha)

Basal area/tree

1

.13

8

.016

2

6.57

62

.106

3

2.30

58

.040

4

4.43

33

.134

Unpublished data by Harcombe and Marks.
TABLE 4.
Mean diameter growth rates for (£. falcata
Site

Growth rate (cm/yr)

Sample size

1

.482

26

2

.399
(.35 pag, .41 falc)a

3

.541

24

4

.633

26

a

15 total
(8 pag, 11 falc)

Since varietal growth rates differed significantly at Beech Creek,
the growth rates for both varieties are given. The sum of the
falcata and pagodaefolia sample sizes do not equal the total because
extra samples were made for pagodaefolia alone (see text).
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TABLE 5.
Regression coefficients
Site
A.

m

l

m

2

Diameter (Y) vs. Age (X).
1
2
3
4

B.

.480567
.384951
.501389
.879453

.00457529

Height (Y) vs. Age (X).
1
2
3
4

C.

.34902301
.23553191
.61822365
.51740754

-.00193443
-.00462975
-.00283946

Height (Y) vs. Diameter (X).
1
2
3
4

.73525042
.82809798
1.16500605
.85262514

-.00852361
-.00677080
-.01599281
-.00724233

2
All regressions are of the form Y = m-jX + n^X
(unless m2 is statistically insignificant).
Regression lines are forced through the origin.
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nificant second order term when the regression is forced through the
origin.

However, the deviation caused by this term is so slight as to

be of practical, if not statistical, insignificance.)
An examination of height growth shows a similar pattern.

Fig. 6

shows height plotted against age for each of the four stands.

Again,

the two driest sites have the slower growing trees.

However, the two

driest sites (stands 1 and 2) appear to be quite similar to each other,
and so do the two wettest ones (stands 3 and 4).
Because there appears to be a certain amount of disagreement be¬
tween the results for radial and height growth, it was decided that a
comparison of estimated volume growth might be the most meaningful way
of determining site-specific differences in growth.

Volume for each

2

tree was estimated as %d h(ïï), where h is tree height and d is tree
diameter.

Since the plot of the reciprocal of logV/Age versus age

proved to be linear, it was possible to compare volume growth by analy¬
sis of covariance.

The means of log volume growth/year adjusted for

age are given in Table 6.

Trees at the stand 4 show the fastest growth,

followed by stand 3, stand 1, and stand 2.

F tests for differences

between adjusted means (Snedecor-Cochran 1967) show essentially the
same results as the height analysis.

The two driest sites differ sig¬

nificantly from the two moister sites, but not from each other, and the
same is true for the wetter sites.
Along with changes in growth rate, Fig. 5 also shows changes in
absolute basal area for the species at the different sites.

It is

obvious that differences in growth rate do not explain the observed
differences in importance.

As has been shown, (£. falcata radial growth

rate is significantly higher at stand 1, and yet basal area/ha is much

Figure 6.
sites.

Scattergrams of height plotted against age for the four

Best fit regression curves are drawn, including all signi¬

ficant terms.

The curves are forced through the origin.
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higher at stand 2, as are tree density (# trees/ha) and basal area per
tree (Table 3).

The most plausible explanation is that (£. falcata popu¬

lation size at stand 1 is limited by a high frequency of natural fires.
This possibility is suggested by the dominance of the stand by Pinus
palustris, the regeneration of which is favored by a high fire frequen¬
cy (Garren 1943).

Moreover, these results are in accordance with those

of Streng (1978), who found that trees in a pine savanna were growing
faster than those in an adjacent woodland; she attributed the low den¬
sity of trees on the savanna to frequent fire.
Comparison of stand 2 with stand 3 reveals a similar situation.
Again, growth rate is slower at stand 2, but species basal area is high¬
er.

Since stand 3 is unlikely to be susceptible to frequent burning,

two other explanations may be suggested.

First, since (J. falcata is

said to be relatively intolerant (Jemison and Hepting 1949, Baker 1949),
low light conditions can cause high mortality among seedlings and sap¬
lings, which could reduce population size and hence species importance,
without seriously affecting the growth rate of mature individuals
(Mowbray and Oosting 1968).

Second, past disturbance may have reduced

population size at stand 3.

This possibility is favored by the obser¬

vation that C^. falcata density at stand 3 is not appreciably different
than it is at stand 2 (Table 3).

Therefore, basal area must be lower,

not because there are fewer trees (which would be the case if high mor¬
tality in the lower size classes prevents the establishment of mature
individuals), but because the trees are younger.

In no other way can

one account for the combination of higher growth rate, but lower basal
area per tree.
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TABLE 6.

Volume growth adjusted for variation in age.

o

Site

Log cnr/yr

n

1

.101

27

2

.099

15

3

.105

24

4

.108

18
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Tree form:
A rather frequent observation is that trees growing in dry, open
environments tend to be shorter than trees of the same species in mesic,
closed environments (e.g., Baranski 1975).

An interesting question is

whether this is due to age (i.e., trees in open environments are younger
hence smaller), growth rate (trees are growing so slowly that they
never get a chance to get big) or to some upper limit to height, genetic
ally or environmentally determined, which is independent of growth rate
to that point.

The regression curves of height on age, and of height

on diameter (Figs. 6-9) seem to suggest the latter possibility.

It is

obvious in the case of stand 1, the driest and most open of the study
sites (Table 2), that height growth tends to plateau at about 16 meters,
when the trees are about 35 cm in diameter.

For the other sites, the

plateau appears to be considerably higher (18-23 m).
interest is stand 2.

Of particular

Even though height growth at stand 2 is quite

similar to that at stand 1, maximum attainable height appears to be
several meters greater.
Tree form may be determined less by site favorability than by stand
density.

A tall tree is at a competitive advantage when tree density

is high enough to limit the light reaching smaller members of a popula¬
tion.

However, under open conditions a small tree may be at an advan¬

tage because it is less susceptible to windthrow, and because energy
is not wasted in the construction of non-functional wood.
Varietal Differences:
In general, the results discussed above pertain to both varieties.
The only significant difference between the two was that at stand 2,
radial growth of variety pagodaefolia was slower than that of variety

Figure 7.
sites.

Regression curves of height on age for the four

All significant terms are included.

through the origin.

The curves are forced
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Figure 8. Regression curves of height on diameter for the four
sites.

All significant terms are included.
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Figure 9.

Scattergrams of height plotted against diameter for

the four sites.

Best fit regression curves are drawn including

all significant terms.

The curves are forced through the origin.
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falcata.

The failure of varietal comparisons to show significant dif¬

ferences may result simply from inadequate sample size, but if correct
may mean that differences in growth and form attributed to the varie¬
ties (Harlow and Harrar 1968) may have been merely a function of habi¬
tat.
However, the fact remains that varieties falcata and pagodaefolia
have very different distributions.

Fig. 4 shows variation in basal

area for the varieties at the four sample sites.

Variety pagodaefolia

attains maximum importance at stand 4 where it is the only variety
present.

Variety falcata is most important at stand 2, one of the two

driest sites, and it is the only variety present at stand 1, the driest
site.

These results confirm the results of Caplenor et al. (1968).
Varietal distributions were also examined at stand 3, one of the

sites at which both varieties occur.

Fig. 10 shows the abundance of

the two varieties plotted against distance from slope top.
differing distributions of the varieties are obvious.

Again, the

Variety falcata

attains maximum importance at slope top and loses importance downslope,
with an especially rapid drop in

importance occurring beyond the

palmetto border (at which point the soil becomes much heavier, and
hence wetter).

The importance of pagodaefolia is more or less constant

from slope top until it disappears entirely about 150 meters beyond
the palmetto border.

Fig. 11 shows growth rate plotted as a function

of distance from slope top.
tion.

Growth rate does not vary with slope posi¬

It would seem that it is the changing frequency of suitable

microhabitats which is responsible for changes in abundance, rather
than a general deterioration of the total environment.

Figure 10.

The distribution of varieties falcata and

pagodaefolia at stand 3, in relation to slope position

FROM SLOPE TOP
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49

S33H1 30 H3SWnN

Figure 11.

Growth rate for <J. falcata at stand 3 does not vary

with slope position.

Open circles are var. falcata, closed

circles, var. pagodaefolia.
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Bark Textural Variation:
Textural variation was examined for an overall sample, as well as
for each variety separately.
sented in Table 7a.

Results for the overall sample are pre¬

Because the sample showed significant heterogeneity

of variance, as well as skewness and kurtosis, non-parametric methods,
as well as parametric ones, were used in the analysis of variance.
Table 7a shows that the roughest bark was found on trees from
stand 1, and that bark texture was smoothest at stand 4, with inter¬
mediate textures encountered at stand 2 and stand 3.

Because stand 4

had significantly lower variance, it was not included in the parametric
analysis of variance.

For the three sites that were included, all three

means differed significantly from each other (P < .05 in a priori com¬
parisons) .

The non-parametric equivalent to the parametric analysis

of variance is the Kruskall-Wallis test (Sokal and Rohlf), and it was
used to allow inclusion of stand 4.
cant heterogeneity among site means.

This test also indicated signifi¬
A priori tests are not available

for the K-W test, and a posteriori comparisons must be done with equal
sample sizes (Sokal and Rohlf).

In order to fulfill the latter

requirement, observations were randomly eliminated from stands 1, 3,
and 4 in order to equalize their sample sizes with stand 2.

The K-W

a_ posteriori comparison differed from the a priori ANOVA comparisons
in failing to distinguish stand 1 from 2, but, by definition, a posteri¬
ori tests have less resolution than do a priori comparisons.
The results for (£. falcata var. falcata alone are presented in
Table 7b.

Both the K-W test and the parametric ANOVA show significant

differences among sample means.

A priori comparisons show differences

between only one pair at the 90% level (stand 1 differs from stand 2).
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Non-parametric a posteriori comparisons could not be made because of
the equal sample size restriction.
Table 7c shows the results for (}. falcata var. pagodaefolia.

A

t-test showed stands 2 and 3 to differ significantly (stand 4 was again
not included because of significantly smoother bark).

The k-w test, in

which stand 4 was included, also showed significant intersite differences.
Intrasite comparisons between varieties (t-tests) show that a
significant difference exists between falcata and pagodaefolia at stand
3, but not at stand 2.
The results clearly show site-specific differences in the bark
texture of Quercus falcata, which parallel soil textural differences.
Similar trends are obvious in both the overall and varietal samples.
Before postulating selective influences on bark texture it is
necessary to consider the possibility that bark textural differences
are only indirectly related to moisture, and can be explained more
simply on the basis of the direct effects of tree size and age.

The

results of Whitmore (1962) suggest that the roughest bark should be
found on trees with thick outer bark (rhytidome) that is placed under
high stress due to rapid diameter expansion.

Since rhytidome width

could be expected to increase with age (a generalization more or less
supported by the literature reviewed by Spalt and Reifsnyder, 1962),
old trees of large diameter should have the roughest bark and young
trees of small diameter would be expected to have the smoothest bark,
while small old trees and large young trees should have intermediate
degrees of bark roughness.

The above argument satisfactorily explains

the results of Clausen and Godman (1969), who found that rough barked
individuals of Betula alleghaniensis (yellow birch) were older than

Variation in bark texture

54

55
smooth textured trees of similar diameter.
Based upon the preceding rationale, I decided that, in the absence
of site specific selection for thicker or rougher bark, the independent
variable that could be expected to explain most of the variation in
bark roughness would be the product of age and size.

Since the regres¬

sion (including individuals from all sites) of bark roughness on this
variable was not significant, it can be concluded that tree age and
size are not major determinants of bark texture, at least for
(£. falcata.
An alternative explanation for the observed variation in bark tex¬
ture is that rough bark enhances survival value on certain sites,
while smooth bark is adaptive on others, and hence
evolved the capacity for variation in bark roughness.

falcata has
Several ways in

which either rough bark or smooth bark may be adaptive can be suggest¬
ed.
According to Whitmore (1962) increase in rhytidome thickness does
not occur without a concurrent increase in roughness, so selection for
either should produce bark textural variation.

The obvious possibili¬

ty is that trees with thick outer bark, which are more resistant to
fire (Spalt and Reifsnyder, 1962), should occur more frequently in dry
environments.

In addition, trees in such habitats tend to be highly

exposed to radiant energy inputs, and thus are susceptible to severe
diurnal temperature fluctuations.

The insulating effect of thick bark

might reduce such fluctuations, and thereby minimize frost damage and
sunscald, two phenomena often associated with rapid temperature changes
(Harvey, 1923 a, b; Levitt, 1951; Rankin, 1929).
Rough bark may affect nutrient cycling by reducing the loss of
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nutrients leached from the leaves and bark by rain (Voigt, 1960).

Given

the fact that these nutrients will be lost to the tree in any case, it
would be adaptive to recycle them in the most efficient manner possible.
For trees living on sandy soil with low cation exchange capacity, it
would be disadvantageous to permit massive nutrient deposition (such
as would occur with large amounts of stemflow) onto the soil, since the
nutrients would then be leached from the system.

If rough bark, which

minimizes stemflow (Voigt, 1960), lowers nutrient deposition during
storms, then the nutrients could be released at a slow even rate as
bark litter.

This would allow greater possibility for recycling.

The above hypotheses postulate advantages for thick rough bark in
dry habitats, but do not suggest any disadvantage associated with it
in wet habitats.
such a suggestion.

The results of Carmer (1975) and Gough (1975) permit
They found that lichen growth on smooth bark is

less than on rough bark in the same humidity, presumably because smooth
bark provides a more xerophytic habitat for bark organisms.

Since the

germination and invasion capabilities of pathogenic fungi are also
strongly dependent upon available moisture (Stevens, 1974), one would
expect that smooth textured trees would be selected for in mesic or
hydric habitats.

SUMMARY AND CONCLUSIONS

1. Quercus falcata radial growth, height growth and estimated volume
growth rate were shown to decrease significantly on drier sites.

How¬

ever, even though the abundance of the species as a whole, and of varie¬
ties falcata and pagodaefolia, varied considerably between study sites,
there was little correlation between changing abundance and growth
rate.

This may mean that historical factors, including fire and human

disturbance, may be important in explaining southern red oak distri¬
bution.
2. It is clear that the varieties are distributed differently, both
within and between sites.

Variety falcata is most important on dry

sites, whereas variety pagodaefolia reaches its maximum abundance on wet¬
ter sites.

Within a site, falcata tends to occur on the upslope, or

drier, portion of the stand.
3. In general, varieties falcata and pagodaefolia did not differ signi¬
ficantly in growth, form, and bark texture on sites at which they co¬
occurred.

This may mean that these characters, which are said to dis¬

tinguish the varieties, may be more strongly influenced by environment
than by heredity.

A larger sample is required to definitively test

this possibility.
4. Maximum tree height was lower at the xeric Roy Larson Preserve
(stand 1), the site which had much lower total tree basal area.

It is

unclear whether this represents a plastic response to the environment,
or a selection for smaller trees in open habitats.
5. Bark texture was found to vary significantly over the gradient.
Trees with rougher bark were found at drier sites.

Various explana¬

tions are suggested for this observation, but the most plausible is that
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rough bark is correlated with thick outer bark (Whitmore 1962), which is
selected for in dry habitats because it aids in fire resistance.
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