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OAK SEED PRODUCTION, WEEVIL (COLEOPTERA: CURCULIONIDAE)
POPULATIONS, AND PREDATION RATES IN MIXED-OAK FORESTS
OF SOUTHEAST OHIO

Cynthia L. Riccardi, Brian C. McCarthy and Robert P Long"

ABSTRACT.—Oaks have dominated much of the central hardwood forest region for thousands of
years. However, there have been geographically widespread reports of its failure to regenerate on
many types of sites for many decades. Most studies have approached the oak regeneration problem
through the examination of direct effects. There are many indirect ecological effects that have not
been well studied. Anecdotal evidence suggests that Native Americans may have used fire for many
reasons including control of insect predators and/or pathogens. We chose to examine how fire and/
or thinning may directly influence oak seed production and how those treatments may indirectly
impact seed quality by influencing the major species of pre-dispersal oak seed predators
(curculionid weevils). Weevils have been known to destroy > 90% of a typical acorn crop. Two
mixed-oak forests were selected for study in southeastern Ohio. Within each forest, four stands
were selected and randomly assigned a control and a treatment: prescribed fire, thinned, thinned &
followed by fire. Thinning treatments were executed during the fall-winter of 2000-2001, followed
by controlled burns in the spring of 2001. After the treatments were executed, we selected two
species for study: black oak (Quercus velutina) and chestnut oak (Q. prinus). We selected nine trees
of each species (144 trees total) within each unit and erected two 0.25 m” seed traps beneath each
tree. Traps were sampled monthly throughout the growing season and for a period after leaf drop
(August-December) during 2001 and 2002 to collect seeds. Acorns were destructively sampled and
scored as sound, aborted, weevil-depredated, or other. Treatments did not appear to strongly
influence seed production or predation rates in the first growing season (floral buds had already
initiated and treatment effect was likely minimal). However, during the second season, treatment
influence was dramatic. Both oak species responded by producing considerably more seeds in the
combined thin-burn units. Any unit receiving a burn also produced a significantly greater number
of sound acorns (weevil depredation was lowest in burn units). Long-term studies are continuing to
help work out the details of how silvicultural treatments may influence periodic seed-producing
(masting) species such as oaks.

Based on stand composition and structure, numerous studies have concluded that there is the potential for
large-scale conversion of mixed oak forests in the central Appalachians to domination by more mesic
species. In stands where the overstory is dominated by oaks and hickories, the understory is often
dominated by more shade tolerant maples and beech (Lorimer 1984, McCarthy and others 1987, Crow
1988). In addition, recent studies have begun to document the decline of oak in the overstory. The cause of
decline in the overstory appears to be multi-causal and is likely the result of combined factors such as
drought, acid deposition, atmospheric pollution, two-lined chestnut borer, and Armillaria fungi (Millers
and others 1989, LeBlanc 1998). The seriousness of the overall problem has been recognized for almost two
decades and examined in considerable detail (Loftis and McGee 1993); however, few immediate solutions
have been forthcoming and many details are still not well understood.

The failure of oak to regenerate naturally has prompted an interest in the role of prescribed fire as a
silvicultural tool. The suppression of fire for the past 60-80 years is correlated to the period of oak
regeneration failure (Loftis and McGee 1993). The role of fire is still not well understood and there may be
a variety of direct and indirect effects. Moreover, during this same time frame, there have been dramatic
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shifts in wildlife populations (e.g., deer, turkey, and squirrel). The direct role of wildlife in the hardwood
regeneration has been fairly well studied. Deer can have an enormous negative impact when their densities
are sufficiently high (Harlow and others 1975, Marquis and others 1976, Tilghman 1989, Gill 1992, Healy
and others 1997, Horsley and others 2003). Rodents may have a remarkable effect on pre- and post-
dispersal seed mortality, often > 90% (Barnett 1977, Sork 1983, McCarthy 1994). And likewise, insects
may negatively influence oak regeneration via pre- and post-dispersal seed depredation (Gibson 1972,

Galford etal. 1991).

The relationship between fire, wildlife, and oak regeneration has received considerably less attention. With
the exception of one study by Wright (1986) we are unaware of any other work that has experimentally
evaluated the role of prescribed fire in controlling insect populations in mixed oak forests with the goal of
increasing oak regeneration. While Galford et al. (1991) found that there were a number of acorn predators
including acorn weevils (Conotrachelus posticactus), nitidulids (Stelidota octomaculata), and acorn moths
(Valentia glandulella) that destroy great numbers of acorns in Pennsylvania oak stands, we concentrate here
on the role of acorn weevils as they have been observed (BC McCarthy, personal observation) as being
particularly problematic in southeastern Ohio mixed oak stands.

Several studies have examined the masting nature of seed production in oaks and hickories (Collins 1961,
Christisen and Kearby 1984, Sork and Bramble 1993, Healy and others 1999, Greenberg 2000, Kelly and
Sork 2002). Factors that influence mast production in oaks include weather during anthesis (Sharp and
Chisman 1961, Cecich and Sullivan 1999), tree onotogeny (Greenberg 2000), genetics and site quality
(Wolgast 1978, McCarthy and Quinn 1989), weather during maturation (Sharp and Sprague 1967), and
predators (Gibson 1972, Short 1976, Barnett 1977, Lewis 1980, Gibson 1982, Weckerly and others 1989,
Galford and others 1991). The effects of management strategies, e.g., mechanical thinning and prescribed
fire, on seed production are not as clear. Healy and others (1999) suggest seed production is influenced
more by individual tree and annual variation than by thinning. Additionally, the increased acorn
production in thinned areas was a short term response and production returned to unthinned levels in ca. 6
years.

Historically, fire has been an integral component of the disturbance regime of many central Appalachian
mixed-oak forests (Rouse 1986, Abrams 1992, Sutherland 1997, Brose and Van Lear 1998). Forest fire
suppression since the turn of the century has changed the natural disturbance regime and may very well
turn out to play a pivotal role in oak regeneration and forest conversion. What is less clear is whether fire
plays a direct role or an indirect role in oak regeneration. Certainly, wildland fires open up the midstory,
allow more light penetration, produce a flush of nitrogen in the system, and reduce herbaceous
competition. Several large studies have been launched in Missouri (MOFEP) and Ohio (USES) to better
understand the role of fire in oak regeneration. The role of fire may involve a variety of direct and indirect
effects.

We hypothesize that the role of fire in oak regeneration may be strongly tied to acorn weevil population dynamics
and a concomitant increase in the availability of viable seed. Weevils have been found to kill up to 90% of oak
(Barnett 1977, Galford et al. 1991, Gribko 1995) and hickory (McCarthy and Quinn 1989, McCarthy
1994) seed crops and have been implicated as a primary cause of oak regeneration failure (Marquis and
others 1976, Weckerly and others 1989) in certain forests. The Curculio weevil life-cycle begins while the
acorn is developing on the tree. The adult weevils emerge from late spring to early summer, after pollination
has occurred. Females drill a hole into the developing nutmeat and eggs are deposited into a channel
(Gibson 1969). The larvae consume the remaining nutmeat generally before the acorn detaches from the
tree (Marquis and others 1976). Full-grown larvae hatch in 5 to 14 days (Brooks 1910). The Curculio larvae
emerge from the acorn after it has fallen and will burrow up to 20 cm into the soil to over-winter. The
adults emerge the following year and the process repeats. Adult Conotrachelus weevils tend to emerge later
and will not oviposit through an acorn shell (Gibson 1964). Oviposition occurs in damaged, cracked,
sprouted or previously infested acorns. Interestingly, the prime time for forest fires in southeastern Ohio is
the autumn and spring—the same time that weevil larvae are emerging from the nuts (autumn) or from the
soil as adults (spring). Fires during this time would result in major population declines for the weevil and
decreased nut predation during fruit ripening in the summer and fall. Thus, the role of fire may be in
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controlling the major seed predator of oak. If we are to manage oak forests for maximum wildlife
abundance, we must begin to understand the relationship between fire, weevils (and other arthropods), and
oak mast.

The objectives of this research are to examine the role of fire and thinning with respect to acorn production
and to Curculio and Conotrachelus populations and survival. Specifically, we wish to test several hypotheses.

To test the effects of silvicultural treatments on acorn production the null and several alternative hypotheses
are:

H,: Silvicultural treatments do not affect oak seed production.

H,a: Thinning treatment will increase production vs. the control due to increased light.

H,s: Burning treatment will increase production vs. the control due to increased nutrients.

H,c: Thinning and burning combined will produce a greater effect than either thinning or burning alone.

To examine factors affecting the variability of acorn production and the silvicultural treatments, the null
and alternative hypotheses are:

H,y: Reproduction among trees will be more or less uniform due to population masting habit.

H,a: Considerable variability among trees in seed production because of genetics or differences in moisture
levels (Integrated Moisture Index: IMI (Iverson and others 1997)).

H,p: Variability will be greater in treatments vs. the control due to the interaction of genetics and patch
effect.

To examine the effect of treatments on weevil acorn depredation we tested the hypotheses that:

Hj,: Weevil predator abundance will be similar among silvicultural treatments.
H;a: Weevil abundance will be lower in burn treatments due to mortality incurred by weevils.

Finally, we wanted to test the effect of treatments on viable acorn production and the hypotheses that:

Hyp: Proportion of sound seed produced will be similar among treatment applications.
H.a: Proportion of sound seed will be greater in treatment units because of increased resources.
H.s: Proportion of sound seed will be greater in burn treatments because of fewer weevils.

Study Areas

This study was conducted in Vinton County, OH in the mixed-oak forests of the Raccoon Ecological
Management Area (REMA: Vinton Furnace Experimental Forest) and Zaleski State Forest (ZAL). The
region lies within the unglaciated Allegheny Plateau physiographic province (Fenneman 1938) of Ohio and
has been designated as part of the Mixed Mesophytic Forest Region by Braun (1950). Southeast Ohio
exhibits a humid continental climate with mean yearly temperatures of 12.2°C (NOAA 2003). July is the
warmest month (mean 23.7°C), and January is the coldest (mean -0.5°C). Mean annual precipitation is
106.7 cm with October being the driest month and July the wettest month.

Methods

The study areas are part of a landscape-scale ecosystem restoration project, Fire and Fire Surrogate Study
(FES), using mechanical thinning and prescribed fire as management tools to restore ecosystem structure,
function and composition. Within each forest, four stands ca. 20 ha each were selected and were randomly
assigned into three treatments and a control (control unit). The treatments consisted of a shelterwood thin
aimed at reducing basal area by ca. 30% (thin), prescribed fire (burn) and a combination thin and
prescribed fire (thin & burn).

Seed Traps

To assess the level of seed predation and to evaluate treatment effect on acorn production, 288 seed traps
(36 traps in each unit) were placed under mast trees of black (Quercus velutina Lam.) oak (BO) and
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Table 1.—Number of chestnut oak and black oak acorns collected during 2001 and 2002 at two
forests in southeast Ohio. Category 1: sound & filled; 2: unfilled/aborted (immature & small); 3:
depredated (weevil or exit hole present); and 4: other (e.g., fungi).

Year Species Category Total
1 2 3 4

2001 Chestnut oak 1 3 10 3 17

Black oak 1029 704 2160 4 3957

2002 Chestnut oak 332 680 267 47 1326

Black oak 57 958 553 68 1636

chestnut (Q. prinus L.) oak (CO). Two 0.25 m* conical seed traps were placed ca. 1.5 m aboveground under
each oak tree and every four weeks, the seeds were collected and returned to the laboratory. Seed traps were
installed in July and mid-month sampling occurred from August—December during 2001 and 2002. Seeds
were identified and scored as (1) filled and sound, (2) unfilled/aborted (immature and small), (3)
depredated (weevil or exit hole present), and (4) other (e.g., fungi).

Emergence Traps

To elucidate the phenology of weevil populations, several methods were employed during 2001 and 2002 to
capture weevils as they emerged from the soil. First, 10 white oak (Q. 2/ba) and 10 black oak (Q. velutina)
in each unit (160 trees total) were selected and a 15-20 c¢m ring of Tanglefoot™ was applied to each bole.
Trees were monitored at weekly intervals to see if weevils were trapped in the Tanglefoot™. Second,
emergence traps were built (Raney and Eikenbary 1969) and placed under 3 white oak and 3 black oak
trees in each unit for a total of 48 traps. To avoid confounding effects, different trees were used for each
study. Emergence traps were placed in the field in late February 2002 and checked on a weekly basis
through June 2002. Captured weevils were returned to the laboratory and identified.

Statistical Analysis

Mixed model analysis of variance (ANOVA) with orthogonal contrasts (Hintze 1997) was used to test for
treatment effects on acorn production. Orthogonal contrasts included the control vs. thin, control vs. burn,
and thin and burn combination vs. thin and burn only, respectively. Log-linear analysis (Hintze 1997) was
utilized to test seed viability among sites, treatments and oak species. Data collected during 2001 was not
included in the analysis because treatments were applied after bud formation so any effect of treatment
would have been missed. ANOVA (Hintze 1997) was used to test for treatment effects on weevil
populations and to examine differences between collection methods. The study areas were treated as
random while treatments were fixed effects. All data conformed to normality and equal variance
assumptions.

Results

In 2001, a total of 3974 chestnut oak and black oak acorns were collected of which only 17 were CO
acorns (table 1). One sound and 10 weevil depredated CO acorns were recorded. Of the 3957 BO acorns
produced, 26 percent (1028) were sound and 54.6 percent (2160) were weevil depredated. The remaining
19.6 percent (769) were inviable for other reasons (aborted, fungi, etc.).

In 2002, a total of 2962 CO and BO acorns were collected, 1326 were CO and 1636 were BO acorns
(table 1). More CO acorns were sound than weevil depredated (25.0 vs. 21.0 percent, respectively) but
more BO acorns were weevil depredated than sound (33.8 vs. 3.5 percent, respectively).

Chestnut oak acorn production responded significantly to the silvicultural treatments (table 2). CO acorn
production increased in response to thinning and burning (fig 1A). Greater variability was recorded in CO
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Table 2.—Analysis of variance testing for differences in Q. prinus and Q. velutina acorn production
among site and treatment units in 2002. C: control, T: thin; TB: thin and burn; and B: burn.
Significance (P < 0.05) is indicated by an asterisk.

Quercus prinus Quercus velutina
Source df MS F r df MS F r
Unit 3 0.55 424 0.007* 3 0.197 291 0.037*
Cvs. T 1 0.65 0.516 1 0.59 0.553
Cvs.B 1 037 0711 1 2.83 0.005*
TBvs. T+B 1 323  0.001* 1 0.92 0.358
Site 1 005 040 0.528 1 0.586 8.62 0.004*
Total 114 138

Table 3.—Log-linear analysis of chestnut and black oak acorn
seed viability in 2002 at two forests in southeast Ohio subjected
to three treatments. S:site; T: treatment; and O: oak species.

Effect df Partial Chi-Square Probability
Site 1 51.48 0.0001
Treatment 3 127.55 0.0001
Oak species 1 46.45 0.0001
SxT 3 11.26 0.0104
SxO 1 1.16 0.2818
TxO 3 144.72 0.0001
SxTxO 3 62.16 0.0001
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production in the burn vs. the thin & burn unit. CO acorn production responded differently at each site in
the control and thin units (fig. 1A).

Black oak acorn production responded significantly different at each site and to the silvicultural treatments
(fig. 1B). BO acorn production increased in response to the thinning and burning and was greater than CO
production.

Log-linear analysis indicated that seed viability at each site, for each treatment and between oak species was
significantly different (table 3). More sound seeds were produced in the thin and burn and burn units than
in the control and thin units (287 vs. 102 acorns, respectively).

A total of 35 Curculio weevils were trapped representing eight species and one unknown (table 4). Fourteen
of the 25 were caught in the emergence traps (ET). The remaining Curculio weevils serendipitously
appeared in the seed mast traps (ST). The dominant species was Curculio strictus with 15 individuals. Two
rare species, C. iowensis and C. orthorhynchus (L.P. Gibson, personal communication), were collected only

from Zaleski.

A total of 16 Conotrachelus weevils were caught representing 3 species (table 4). The most abundant was
Conotrachelus naso with 11 individuals while the least abundant was C. carinifer represented by only one
individual. C. naso weevils found in seed traps were generally associated with chestnut oak trees.

There was no difference in the number of weevils caught between the forests (#=0.90, P = 0.379) or
among the units (F = 0.86, P = 0.529). There was no difference in the number of weevils caught in
emergence traps or weevils found in mast traps (= 0.61, P = 0.465). No weevils were caught using
Tanglefoot™ on tree boles.

Discussion

Many factors influence seed production. Increased seed production results from increased crown area
(Greenberg 2000) and potentially from fire (Abrahamson and Layne 2002). We found that seed production
increased in response to prescribed fire and to thinning combined with prescribed fire. Thinning reduced
standing basal area, creating more space for existing oak trees; however, we did not record increased acorn
production in thinned units.

Studies indicate that there is a high level of variability in acorn seed production among individual trees and
even populations (Healy and others 1999, Greenberg 2000). McCarthy and Quinn (1989) suggest that
most variability results from individual and annual variation in trees, rather than as a response to thinning
(Healy and others 1999). While Healy and others examined the effects of thinning, our study combines the
results of increased light produced by thinning with increased nutrients produced by fire. We found a great
deal of variability among trees and forest sites but our data indicate that thinning and prescribed fire
combined increased variability of acorn production greater than thinning alone.

Acorns are an important food source for wildlife. Native Americans also consumed acorns as part of their
diet. McCarthy (1993) suggests that Native Americans in California burned in order to control invertebrate
acorn infestation rates. Wright (1986) found evidence to support the role of prescribed fire in controlling
acorn weevils in southeastern Ohio. We found that weevil populations were distributed evenly throughout
the units but that sound seeds increased in the burn & thin relative to the control and thin units. Indeed,
prescribed fire may decrease Curculio populations as a result of mortality. Since most weevil emergence
occurred after the spring prescribed fire season in Ohio, weevil mortality is more likely to occur as a result
of fall burning. During the fall fire season, generally October to November, there is an increased likelihood
that weevils would be killed while exiting from fallen acorns or while in the forest floor layers while
attempting to reach the soil. However, it may be possible for spring fire to have an effect on weevil survival
as well. Some weevils may overwinter in the acorn and emerge the following spring (Gibson 1969).
Likewise, absence of a litter layer due to burning in any season may influence predation rates.

1
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Table 4.— Curculio and Conotrachelus species emergence dates, unit locations and collection method in two forests in
southeastern Ohio. C: control, T: thin; TB: thin and burn; B: burn; ET: emergence trap; and ST: seed trap.

Species Date Site Unit Qty  Collection Method Associated Oak mast tree
Curculio strictus Casey. 05/15/02 REMA T 2 ET
05/20/02 ZAL B 4 ET
05/20/02 ZAL B 3 ET
05/24/02 ZAL B 1 ET
05/26/02 REMA B 1 ET
05/29/02 ZAL T 1 ET
08/15/02 ZAL B 1 ST Black
08/19/02 REMA T 1 ST Chestnut
10/12/02 ZAL C 1 ST Black
Total 15
Curculio confusor Horn. 05/24/02 ZAL B 1 ET
05/26/02 REMA B 1 ET
Total 2
Curculio proboscideus Fab. 05/26/02 REMA T 1 ET
10/05/02 ZAL C 1 ET
10/09/02 REMA B 1 ST Chestnut
10/12/02 ZAL C 1 ST Black
Total 4
Curculio iowensis Casey. 08/15/02 ZAL B 1 ST Chestnut
Total 1
Curculio pardalis Chten. 09/09/02 REMA C 1 ST Black
09/09/02 REMA B 1 ST Chestnut
10/09/02 REMA T 1 ST Black
Total 3
Curculio sulcatulus Casey. 09/09/02 REMA C 1 ST Black
09/10/02 ZAL C 1 ST Black
10/05/02 ZAL B 1 ET
0/09/02 REMA T 1 ST Black
Total 4
Curculio orthorhynchus Casey.  09/10/02 ZAL T 1 ST Chestnut
09/25/02 ZAL B 1 ET
10/12/02 ZAL C 1 ST Black
Total 3
Curculio nasicus Say. 10/05/02 ZAL C 1 ET
10/05/02 ZAL B 1 ET
Total 2
Curculio sp. 10/12/02 ZAL B 1 ST Chestnut
Conotrachelus naso Lec. 04/17/02 REMA B 1 ET
05/26/02 REMA B 2 ET
06/04/02 ZAL C 2 ET
06/04/02 ZAL T 2 ET
08/15/02 ZAL B 1 ST Chestnut
08/19/02 REMA B 1 ST Chestnut
09/09/02 REMA B 2 ST Chestnut & black
Total 11
Conotrachelus posticarus Boh.  04/17/02 REMA B 1 ET
05/26/02 REMA C 1 ET
05/26/02 REMA B 1 ET
08/19/02 REMA C 1 ST Chestnut
Total 4
Conotrachelus carinifer Casey ~ 09/09/02 REMA C 1 ST Black
Total 1
Total Curculio 35
Total Conotrachelus 16
16 .
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The position of the weevil larvae in the soil/litter horizons during a fire may be the key to their survival.
Weevils that emerge from acorns earlier in the fall and descend into the soil will most likely escape the
effects of an autumn fire. Prescribed fire temperatures in mixed-oak forests of southeast Ohio rarely exceed
30°C 2 cm below the soil surface (Riccardi and McCarthy, unpublished data) and will not cause weevil
mortality. Weevils present in the forest floor litter layer during a fire will most likely be killed since forest
floor fuels are the major fuel sources of prescribed fires in mixed-oak forests of southeast Ohio.
Consumption of the forest floor removes potential hiding areas for weevils and could lead to greater
predation by small forest mammals, also resulting in a reduction of weevil populations.

Three species of Conotrachelus are known to infest acorns in the United States (Gibson 1964) and we
recorded all three species in our study. Conotrachelus weevils began emerging in April, before Curculio
weevils. Conotrachelus weevil populations potentially would be affected by spring fires; however, because
they infest damaged or otherwise open acorns, their effects on acorn viability are probably less crucial than
Curculio weevil damage.

Our data suggest that the combination of thinning, to increase light levels and to increase spatial availability

for tree crowns, coupled with a flush of nutrients resulting from prescribed fires can increase acorn oak
production. Furthermore, prescribed fire, particularly during the autumn, may result in weevil mortality
leading to an increase in the production and survival of sound acorns.
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FOREST DYNAMICS AT THE EPICENTER OF AN OAK DECLINE EVENT IN THE
BOSTON MOUNTAINS, ARKANSAS - YEAR ONE

Martin A. Spetich'

ABSTRACT.—Oak decline is a significant problem in the Boston Mountains and Ozark Highland
region of Arkansas and Missouri which recently has resulted in mortality of oaks across thousands
of hectares of forest. However, research plots at oak decline sites usually are established after the
decline event is visually evident. Results of a case study in which we serendipitously established
research plots at what became the epicenter of an oak decline event are presented. In August of
2000, standing trees greater than 14 cm in diameter were inventoried on twenty-four 0.3025 ha
plots. By late summer of 2001 oak decline symptoms became visually evident at the site. In
November 2001, overstory trees on six of those plots were remeasured. I compare survival and
structural changes on those six plots. For instance, an average of 38 trees per ha died by the fall of
2001. In addition, basal area of standing dead trees (hereafter referred to as snags) increased from
1.8 m?/ha in 2000 to 4.4 m*/ha in 2001 (p = 0.019). Correspondingly, basal area of live trees
decreased from 24.1 m*/ha in 2000 to 21.2 m?/ha in 2001 (p = 0.022). Mean values for diameter
of snags increased from 20.4 cm DBH in 2000 to 24.3 cm DBH in 2001 (p = 0.015). All 24 plots
are scheduled for remeasurement in 2004. The serendipitous establishment of permanent study
plots on this site will provide a unique opportunity to examine an oak decline event before, during
and long after visual evidence of the event has occurred, providing potential insights that are rarely
available for such a disturbance event.

From 1856 to 1986, there had been 57 oak mortality events recorded in the eastern United States (Millers
and others 1989). This included one in 1959 in the Ozark Mountains of Arkansas (Toole 1960), one in
1980-1981 in Northwestern Arkansas (Bassett and others 1982, Mistretta and others 1984), and an event
in Missouri from 1980 to 1986 (Law and Gott 1987). The current oak decline event in Arkansas and
Missouri is severely affecting up to 120,000 ha in the Ozark National Forest of Arkansas alone (Starkey and
others in press).

Stresses that lead to oak decline in the eastern US are complex interactions of many factors (Wargo and
others 1983). Manion (1991) describes oak decline as the outcome of the interaction of three major groups
of factors: predisposing factors, inciting factors and contributing factors. Predisposing factors include
physiologic age and oak density; inciting factors include a long drought; and contributing factors include
opportunistic insects such as oak borers and diseases like Hypoxylon canker.

In 1998-2000, a three-year drought occurred across the region. Drought is defined as an “inciting factor” of

oak decline by Manion (1991) and by Starkey and others (in press). This, coupled with a forest of high tree
density and old mature trees, has made Arkansas upland hardwood forests more vulnerable to oak decline
(Oak and others in press). Drought, density and maturity likely were important factors in the current oak
decline event in Arkansas and Missouri.

An oak decline event, such as we have now, has the potential to significantly alter forest structure and
species composition. Based on previous oak decline events (Tainter and others 1984, Oak and others 1988,
Starkey and others 1989), it is likely that oaks will remain an important component of these forests at the
regional scale. Within many stands, however, oaks will no longer be the dominant tree without active
management to encourage oak regeneration and recruitment. On sites where oak reproduction exists but
competing species have the advantage, active management will be necessary to successfully grow a new
cohort of oak into the tree canopy. An understanding of how species and forest structure are changing will
aid our understanding of how to address these issues in the future.

"Research forester, Southern Research Station, USDA Forest Service, PO. Box 1270, Hot Springs, AR 71902,
(501)623-1180, e-mail: mspetich@fs.fed.us
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