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INTRODUCTION
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of Iowa. The

Oak forest regeneration
alba L. and Quercus

Quercus a
problem in the driftless area

forests are composed principally of Quercus,
Carya, and Acer species. Fraxinus, Prunus,

Juglans, Ulmus, Tilia and other central hardwood
species are minor constituents. These forests
tend to be continually disturbed and occur at a

transition of three major eco-regions (i.e.
prairie, prairie parkland, and eastern forest
(Bailey 1981). Oak in this area has been cited
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as an ecologically unstable species
has been found difficult to manage with
consistent results (Sander 1977). Difficulties
have arisen establishing young oaks under oak
canopies. Market preference and traditional
forest values favor the objective of
regenerating oak.

group and

0ak stands have been regenerated using
clearcutting and various types of shelterwooding
(Roach and Gingrich 1968; Sander 1977; Barrett
1980). 1In practical application, these methods
of regeneration have lead to undesirable species
conversions of stands, extended rotations, and
inconsistent production of desirable seedlings.
Sugar maples (Acer saccharum Marsh., Acer nigrum
Michx, and their hybrids) are a less desirable

species group in the area that has colonized the
understory of the oak stands. Maple is
beginning to occupy more of the codominant crown
positions. Sugar maple directly interfers with,
and minimizes, oak regeneration (Coder l98§2ﬁ
1986). Generally, oak forest regeneration by
traditional techniques has not been consistently
successful.



This study was developed to determine some
of the active relationships between oak, the
forest community in which it exists, and
specific sites on which it grows.

To examine the oak regeneration problem,

interrelationships between species and
successional patterns were determined.
Succession arises due to differential survival

Reproduction is
The purpose
patterns is to

and growth of a set of species.
the vehicle for moving succession.
of examining successional

understand what occurs after disturbance. Once
disturbance effects are understood,
anthropological disturbances, such as
harvesting, thinning, or prescribed fire can be
appreciated in a  successional context.
Successional patterns in mixed hardwood forests
have - been found to follow no single
unidirectional trend, but many trends all
existing at one time (Stout et. al. 1975).
Control of site resources seems to play an

important role in regulating any compositional
shifts (Coder 19853}, 1986).

Many stresses such as grazing, fire, and
cultural treatments can inhibit some species
from maximizing their potential colonization and
occupancy on a given site. The concept of a
dynamic forest community, composed of individual
reaction spheres (fiefspaces) was utilized as a
framework to appreciate the ecological
constraints on regeneration of a single species
(Coder 1985)3/

METHODS

Successional pattern and mechanism
elucidation were the objectives of this study.
One-hundred-seven sample areas, each one acre
(0.4047 ha.) in size, were examined. Samples
were systematically distributed in each of five
lowa driftless area counties with at least
30,000 acres (12,141 ha.) of commercial forest
land. Within each sample area, 30 milacre plots
were identified for determining general site and
stand characters, and reproduction stocking
levels. Species identification and distribution
were recorded for the overstory and understory.
Number of stems by species, stem age, stem
diameter, and information on the relative
positions of the each stem were recorded.

Stocking of the major regeneration groups
in the understory (i.e. area below primary and
secondary overstories shown in figure 1 and less
than 4 inches (10.2 cm) dbh), coupled with
corresponding overstory species, were examined
to determine successional trends. Forty—-two
species, categorized into 25 regeneration
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groups, were found reproducing on the sample
areas. Cluster analysis of reproduction levels
by Ward's minimum variance method was used to
suggest 10 distinct regenmeration groups (Sarle
1982; Howell and Sarle 1982). Regeneration
groups produced by cluster analysis were
composed principally of oak groups (42.87%),
sugar maple groups (41.4%), and a
cherry-basswood group (15.8%). Regeneration

groups on each site were then compared with the
primary and secondary overstory found associated
with each. Graphical definition of overstory
classification is given in figure I.

Primary Canopy

Secondary Canopy

Regeneration

Figure l.--Definitions of canopy layers.

A frequency analysis of all the different

combinations of overstory groups and
reproduction successful beneath them vyielded a
large number of discrete compositional
combinations. Each site differed in the pattern
of vertical and horizontal crown distribution
and number of species groups present. The
compositional "noise" produced by large numbers
of species combinations was  great. Many

regeneration groups had high mortality rates and
were expected to be removed from the site
quickly.

From data over all
group accounting for

sites, any regeneration
greater than 5% of the
total amount of reproduction was considered
important to the forest. A survival curve was
developed for each important regeneration group
on the basis of a ratio between the number of
stems of regeneration and the number of
overstory dominants. Cherry, for example,
reproduces well but each stem has a relatively
high chance of quick mortality. There is little
chance of a stem of cherry attaining the
overstory. To reduce the weight in the analysis
of large number of stems from species with high
mortalities, a relative regeneration importance
number (RIN) was developed (Table 1). The lower
the RIN value, the less important that species
group is to the future forest.



Table 1.--Regeneration importance numbers (RIN)
for regeneration groups in the driftless area
of Iowa.

regeneration group RIN

white oak

red oak

sugar maple
hickory
basswood

ash

cherry
. other species
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RIN values were then multiplied by the
stocking values of each regeneration group on
each site. RIN values used in this way helped

account for different survival rates by weighing

stocking wvalues. The RIN values provided for
weighing a particular stem by its expected
survival. Some stems are expected to survive

for many years and be important in a stand, most
will not.

Reading the RIN wvalues in Table | would
follow this example: One one-year-old stem of
white oak with a RIN value of 3.3 is eleven

times more likely to be available for attaining
the canopy compared to a one-year-old stem of
cherry with a RIN value of 0.3.

When each species stocking value was
weighted by its regeneration importance number,
less important species  were functionally
eliminated. RIN weighing rewards  past
reproductive success as shown by entry into the

overstory. The less important species may
triumph reproductively on a microsite or a set
of microsites, by chance or by inhibition of
other tree reproduction, but this species will
have little  effect on the compositional
complexion of the forest. For example,

hackberry (Celtis occidentalis L.) capturing and
holding “one microsite is inconsequential in a
forest dominated by reproducing oak and maple.

A1l minor species (i.e. unimportant species
as defined above) were combined into a separate
compositional group called "other species" for
pattern determination. This is mnot to imply
that all minor regeneration groups respond in a
similar manner within the understory, but that
each species group is not important to the
management of the stand due to its isolation. A
few areas of the understory will always have
minor species present; their probability of
regenerating will never be zero. '

When the primary and secondary overstory
information on each site were combined with the
associated RIN-weighted regeneration types

occurring underneath, successional vectors were
produced (fig. 2). Some species groups dropped
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out all together. 1In figure 2, a slash between
two symbols denotes that the first is in the
primary overstory position and that the second
is in the secondary  position (position
definition in fig. 1). A dash between symbols
denotes sharing of the primary overstory between
the two groups. The flow values listed are the

percentages of sites moving in that specific
direction.
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Figure 2.--Successional flow diagram for the
forests of the Iowa driftless area.

To better understand the
the flow pattern

consequences of-
in figure 2, a Markov chaining

process after Horn (1981, 1975, 1971) was
developed for examining the internal flow
pattern of the diagram. Markovian analysis can

suggest what direction the compositional flow is
moving and what may be done to change the flow
pattern in favor of oak. Low species diversity
and an excess of microsites available for
regeneration 1in these forests suggested that
this analysis tool was of value.

The flow values in figure 2 were used as
the "regeneration" matrix in the analysis. A
row matrix representing amny forest composition
is multiplied by the regeneration matrix (i.e.
flow probabilities) producing a new forest
composition matrix. The new forest composition
matrix is  then multiplied by the same
regeneration matrix. This matrix multiplication
continues until no significant changes occur in
the forest composition matrix. When no
significant changes occur, a  steady-state
composition has been reached.

Species patterning examined from the
reproduction stage through crown
dominance/codominance stage suggested that

adjustments needed to be made in the theoretical
"rules'" governing species replacements in these
forests. The foundation of all compositional
change in these forests would seem to be based
upon strict resource control through species
interactions.



RESULTS AND DISCUSSION

Flow rate values between the species groups
in figure 2 are the percentages of sampled sites
moving in a given direction. For example,
overstory white oaks, with successfully
regenerating white and red oak beneath,
compositionally move toward a stand of red
oak/white oak at a relative rate of 7. One
interesting point derived from figure 2 is that
the sugar maple and the white oak/red oak group
are the only regeneration groups reproducing
themselves. All other stands are moving toward
them. The pivotal flow cell is in the center of
figure 2 where a combined oak/maple group
exists. Figure 2 suggests that  current
selective pressures favor sugar maple.

Table 2 shows the results from the
Markovian analysis. The initial compositional
movement is toward oak with the eventual success
of  sugar maple. The final  state being
approached is one dominated by sugar maple with
the oaks still present in the stands. Oak is
not eliminated but greatly lessened in
importance. Table 2 suggests that if the
regeneration success and survival of sugar maple
can be decreased (i.e. flow pattern
short-circuited), oak dominance can be
maintained or increased in the study areas.

Table 2.—-Identifying the major flow patterns
within figure 2 using Markov chain analysis
(short term = -5 iterations; long term =
steady state equilibrium).

starting short term long term
percentages  dominance dominance iterations
field data 36% WO-RO 467 SM 19
297 'SM 15% WO-RO
11% WO-SM-RO 117 WO/SM
1007 WO-SM~RO 677% WO/SM as above 11
337 wWo
50% RO/50% WO 627 WO-RO as above 27
167 WO—-SM-RO
100%Z WO 427 WO-RO as above 30
297 RO
29% WO
The number of iterations wused in a

Markovian process can suggest compositional flow
disruption. The larger the number of
iterations, the longer the system took to attain
a stable state. The presence of sugar maple in
a stand quickly pushes compositional flow toward
the steady-state point (e.g. the first two
starting percentages in Table 2). When sugar
maple is totally excluded from the immediate

would
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neighborhood at the beginning, the steady state
point is not reached for a much longer period of
time.

Table 2 suggests that continual selective
pressure against sugar maple would keep the
compositional flow pattern away from equilibrium

indefinitly. A quasi-stationary state could be
maintained where the oaks remain as stand
dominants. This pattern may be functionally

similar to the early fire dominated systems that
maintained oaks in the driftless area over the
last millennium.

Compositional patterning and its change
over time, (i.e. forest succession) was found to
be a combination of gradual change in a broad
sense over the forest, and of rapid change
within each stand. Stands wundergo punctuated
change (after Gould and Eldredge 1977) brought
about by years of tight resource control
followed by periods of rapid reordering of
resources when major resource dominators (i.e.
fiefspaces) decline and die. Succession, in the
long term, is composed of gradual compositional
shifts, attained by rapid, periodic bursts of
resource control adjustments.

The resulting appearance of successional
change is shown by many years of progressively
greater resource stress in the understory with
constant overstory composition. Eventually, a
few "successional moments" occur when enough
resources become available on the site for
colonization and survival. Successional moments’
are initiated during the decline phase of major

fiefspaces. A fiefspace is the area of
~influence of a tree, including its reaction
surface and its boundary layer both above and

below ground. Within a fiefspace of a tree,
resources are controlled to a degree that may
minimize reproduction of other individual trees.
There is a hierarchy of fiefspaces in the forest

from site resource dominants down to first-year
seedlings, all managing their interference
control. Interference is the combination of

allelopathic and competitive effects.

CONCLUSTIONS
In the Iowa driftless area, failure to
appreciate the pressures behind compositional

changes have led to silvicultural treatments and
stand management that maintain or increase the
importance of sugar maple while decreasing oak.
This has led to the perception of oak
regeneration problems in many of these stands.

Oak can be successfully regenerated by

returning to  stand management that puts
selective pressure against sugar maple. This
selective pressure can be by carefully
controlled prescribed fire, or by periodic
cleanings in the understory. Tightly
controlled, intensive periods of grazing could



also provide a selective disturbance regime.
Open understories with little secondary
overstory canopy will maximize the probabilities
of oak successfully regenerating.

Most individual stems available for
expanding their area of influence (fiefspace)
were growing under the influence of the old
overstory stems during fiefspace decline
periods. The sudden death of an overstory tree
is not an  expected alternative without
catastrophic occurrences. Slow death 1is the
common rTesult from external interference and
internal compartmentalization constraints.

Individuals becoming established only
around the time of significant  resource
availability (i.e. tree death) can also become
contenders for overstory positions depending
upon the biological and positional status of
other interfering stems. Since the successional
moment begins to occur during the decline phase
in major fiefspaces, the highest probability of
eventual overstory entrance rests with
individual stems that have been both established
earliest and are most tolerant of interference.
Some probability will always exist for any
species in the neighborhood that can get
propagules to the site to regenerate and attain
the overstory.

The key point in successional change is the
ability of individuals to deliver propagules to
sites where major fiefspaces are in decline.
Since many of the fiefspace expansions and
contractions occur within the same species, the
net compositional change in a stand can seem to

be zero. Functionally, the probabilities of
propagule delivery favors the nearest neighbors
and the declining individual.  But the

distribution patterns or dispersal spheres of
the propagules from other individuals can effect
the eventual overstory champion.

In summary, the complex mosaic of stands
seen 1in these forests are a result of quick
compositional changes and long periods of
inhibited colonization as a result of resource
control - by the trees already present. The
battle for available resources 1is intense
between stems especially in areas  where
resources have been recently released from
dominance. Rapid changes in species
replacements have resulted in the perception of
a gradual decline of oak in the Iowa driftless
area forests. These events, and the perception
of these events, can be reversed by proper
ecological based management.
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