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Introduction

Predisposing factors
site condition
stand density

tree species/age

Since the late 1970’s oak decline and mortality have
plagued Midwestern upland oak-hickory forests,
particularly oak species in the red oak group (Quercus
Section Lobatae) across the Ozark Highlands of
Missouri, Arkansas and Okalahoma (Dwyer et al. 1995).
Advanced tree age and periodic drought, as well
as armillaria root fungi and red oak borer attack
are believed to contribute to oak decline and
mortality (Starkey et al. 2004). Declining trees
first show foliage wilt and browning followed by
progressive branch dieback in the middle and/or
upper crown. Trees eventually die if crown dieback
continues (Figure 1). Quantifying factors associated
with oak decline and monitoring tree mortality/survival
are crucial steps in developing prescriptions to improve Figure 1. The process and causal factors of oak decline and mortality
stand vigor and health and to mitigate oak decline and (adapted from Starkey et al. 2004).
mortality.
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Data and Methods

We evaluated both FIA and Missouri Ozark Forest Ecosystem Project (MOFEP) data from 1989 through 2003 to
determine if the oak decline and mortality patterns are consistent over time.

We used classification and regression tree (CART) analysis to identify risk groups and hierarchical relationships
among tree, stand and/or site factors associated with varying levels of oak decline and mortality (Fan et al. 2006).
We used logistic regression models to quantify the relationship of a tree’s recent diameter growth rate to its
subsequent mortality for each risk group identified by CART (Shifley et al. 2006).

Results and Discussion

Compared with white oaks, red oak group species 12
exhibited higher mortality over the full dbh range, with an
annual mortality rate of about 2%, which is 3 to 6 times
greater than expected under the “normal (no-decline)”
condition (Figure 2). Dead red oaks were mostly found on
droughty and nutrient-deficient sites (ELTs 1 to 7, Figure
3A), where red oak group species were also relatively
abundant. However, analysis of covariance using red oak o T T —— T T T
group abundance as the covariate did not show a significant o2 3 4 5 6 7
difference in annual mortality rate among ELTs (Figure 3B).
This indicates that droughty and nutrient-deficient sites may
favor the colonization of red oak species, but the annual
rate of mortality for the red oak group is about the same
regardless of red oak abundance on a site.

dead ba (ft?/ac)
(=2}

i
o
@

adjusted dead ba (ft%/ac)

4 -
2
—white oaks
g 34 —red oaks 0 r r : : i i
> 1 2 3 4 5 6 7 8 9 10
= "
£ 5 ecological land type (ELT)
g N
= [ %] x [
= £ >0 [3) £ o
T E g 5 By € ¢ g
- 2 T = Q £ = o Lo
2 & E 7] ;g_g 258 © ]
s 225 2538 28 £ g
e SR 5 2.2 3 8
o > 3 = o< = >
c 9 X9 o 5 =
5 7 9 11 13 15 17 19 21 23 o < S 6 > xo8 8 &
o 2 S ¥ © S a > o
SH B T < o
o0 =

dbh class (inch)

Figure 3. Dead basal area (ba, ft?/ac) of red oaks by
ecological land type during a 10-year period.
A: unadjusted; B: adjusted by total basal a
of red oaks.

Figure 2. White and red oak annual mortality by dbh class
in unmanaged mature forests from 1990 to 2002.

Among trees in the red oak group,

mortality is mainly related to crown class, 21
basal area in larger trees (bal) and dbh. L crown class L

Seven risk (mortality) groups (G1 to G7) were
defined by the CART model (Figure 3), with
annual mortality ranging from 0.9 to 7.3 %.
Crown class is an important indicator of tree
vigor; dominant and codominant trees (high
vigor) had lower mortality rate (1.4%)
compared to intermediate and suppressed
trees (4.3%). Tree dbh and bal (indicators of
stocking or competition intensity) also affect
mortality. Larger trees with relatively high bal
(G4) were prone to mortality. Forest
managers can use the risk groups identified Gl G2 G3 G4 G5 G6 G7
by the CART model to design silvicultural
treatments that select against trees with a
high risk of mortality.

Figure 3. Annual mortality(%) of red oak group species by risk factors
(crown class: I-dominant, ll-codominant, lll-intermediate,
IV-suppressed, bal (m%ha)-basal area in larger trees, and

Oak decline is accompanied by slow dbh IED (Ep aTENsp ER R e

growth. Our analysis showed that dbh growth

is the most significant covariate to predict 1
mortality. When annual dbh growth falls below
0.5 cm, mortality increases dramatically, )
particularly among risk groups of relatively 2 CS
low bal or small dbh (G7, G3 and G1). It £
implies that factors other than stand density £ 0.6 4
or competition are involved in the oak decline k]
syndrome and mortality. The underlying 2 — 8%
mechanism of oak decline and potential 5 G o G3
factors should be a focus for future studies. '@ —— G4
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Figure 4. Predicted probability that red oak trees will die during a
8-year period by risk groups defined by CART in Figure 3.

Conclusion

In the Ozark Highlands, large-scale oak decline has caused precipitous mortality, reaching 2.1% annually among
red oak species. Many factors contribute the decline complex, but tree crown class, dbh and basal area in larger
trees (the competition intensity from above) are the most easily measured/observed variables to evaluate the risk of
mortality. Seven risk groups are defined, and these should guide silvicultural prescriptions to reduce risk of
mortality. When dbh growth data are available, individual tree mortality can be predicted more accurately. Our future
work will be mapping oak decline and mortality risk based on the above models and by integrating FIA and local
monitoring data.
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