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Abstract.—Large woody vines, most notably grapevines, are a source of great concern for
forest and wildlife managers in many parts of the Central Hardwood Forest Region of the
United States. We examined grapevine dynamics in stands aged 21 - 35 years. The plots,
located in regenerated clearcuts in the Hoosier National Forest (HNF), were evaluated for
vine control, site, and tree species colonization. Results showed that change in grapevine
density from 1986 to 2004 was influenced by grapevine removal and aspect code. Grapevine
density reduction was greater in plots from treated stands than in plots from untreated
stands. In 2004, however, grapevine density was similar regardless of vine control. The
observed reduction in grapevine density was higher in plots with a southwestern aspect.
Grapevine association in 2004 was influenced by host species group and canopy class. Trees
in the dominant canopy position had higher occurrence than those in the suppressed class.
Nearly 30 percent of infested trees were black cherry, 13 percent were yellow-poplar, and

10 percent were oak. Black cherry also had the most vines, representing 19.8 percent of the
total, followed by maple with 19.5 percent and yellow-poplar at 10.9 percent. Success of the
vine control treatment applied on the HNF appears limited.

INTRODUCTION

Lianas, or large woody vines, most notably grapevines, are a source of great concern for forest and wildlife
managers in many parts of the Central Hardwood Forest Region (CHFR). Vines grow under a wide variety
of soil and site conditions throughout the region; they are particularly common on highly productive

sites. Historically, most research concerning grapevines was centered on controlling grapevines in the cove
hardwood type in the Appalachian region of the CHFR (Trimble and Tryon 1974, Trimble and Tryon
1979, Smith 1984), although more recently, research into the role of grapevines in even-aged management
of oak-hickory type forests has also surfaced (Indiana Dept. of Nat. Resour. 1984, Fischer 1987).

Grapevines are an important habitat component in the region; they produce food and cover for many
species of wildlife. It has been reported that black bear, raccoon, turkey, grouse, quail, and various
songbirds feed on grape berries (Martin and others 1951). It is estimated that at least 80 species of birds
eat grape berries, as does a host of other wildlife species (Shutts 1968). However, forest managers often
view grapevines as a problem because of the threat they pose to growth and quality of developing timber,
especially on high quality sites, where grapevines are often found (Trimble and Tryon 1979). Grapevines
may damage trees by breaking limbs; twisting, bending, possibly even breaking tree boles; or uprooting
trees. Grapevines also may pose a problem in wind storms or result in greater ice damage to tree tops and

limbs (Smith 1984).
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Research on the structure and dynamics of natural liana communities in temperate forests is rather limited
(Monsi and Ogawa 1977, Friedland and Smith 1982, Carter and Teramura 1988, Gartner 1991, Collins
and Wein 1993, Putz 1995, Talley and others 1996, Allen and others 1997, 2005, Schnitzer and Bongers
2002, Pérez-Salicrup and others 2004, Londre and Schnitzer 2006), and it is especially limited in the
CHER (Trimble and Tryon 1979, Smith 1984, Beck and Hooper 1986) and Indiana (Standiford and
Fischer 1980).

Even-aged management of forest stands and stand-replacing disturbances, as well as minor disturbances,
often increase opportunities for the growth and proliferation of grapevines. The result of such disturbances
provides grapevines with increased light, water and nutrient resources, trellises (downed woody debris

and developing seedlings), and establishment opportunities. Grapevines are intolerant of shade and when
exposed to sunlight, stems produce epicormic branches (Smith 1984). Vines root or layer easily when they
come into contact with soil, and they sprout prolifically when cut or damaged (Smith 1984). Shutts (1968)
reports that shoot growth is rapid; Trimble and Tryon (1979) observed that young grapevine stump sprouts
grew 4.6 m in a single season. Grapevines are supported by tendrils that allow vines to attach and grow on
vegetation, and Trimble and Tryon (1979) suggest that tendrils attach to tree crowns when trees are young,

thus developing and proliferating in developing tree crowns.

OBJECTIVES

This is a continuation of a long-term study to evaluate regeneration of clearcut upland hardwood sites

in southern Indiana. The study was established in 1986 by the U.S. Forest Service and led by Dr. B.C.
Fischer on the Hoosier National Forest (HNC) in south-central Indiana. Forest stand composition and
structure and grapevine occurrences were reported for clearcut stands aged 5 - 17 years by Fischer (1987).
This study evaluates the dynamics of grapevines on a portion of the sites as they relate to site and species
colonization in stands 21 to 35 years old. Grapevine species in the south-central Indiana region include
summer grape (Vitis aestivalis Michx.), winter grape (Vitis cinerea (Engelm.) Engelm. ex Millard), fox grape
(Vitis labrusca L.), riverbank grape (Vitis riparia Michx.), and frost grape (Vitis vulpina L.), though no

distinction between species was made in recording grapevine occurrence.

STUDY AREA

This study was conducted within the HNEF, an upland hardwood forest landscape in the unglaciated
central portion of southern Indiana. The HNF is located within the Highland Rim and Shawnee Hills
sections of the Interior Low Plateau (Homoya and others 1985). The 80,000 ha forest is divided between
the Brownstown Ranger District, which is further subdivided between the Pleasant Run and Lost

River management units, and the Tell City Ranger District, composed of the Patoka Lake and Tell City

management units. For this study, we examined results only from the Shawnee Hills section of the HNE

The Tell City and Patoka Lake management units fall within the Crawford Uplands subsection of the
Shawnee Hills section, although Patoka Lake has area within the Escarpment subsection. The Crawford
Uplands subsection is characterized by rugged hills of well drained, acid silt loams of the Wellston-
Zanesville-Berks association formed from sandstone and loess, which are marked by sandstone outcrops
and rock shelters. The Tell City management unit also includes areas of the Wellston-Zanesville-Tilsit
association, which are only moderately well-drained and occur on less steep slopes. The soils are all
considered moderately deep to deep (IDNR 1984). Oak-hickory (Carya spp. L.) is the dominant forest
type on upland slopes. White oak (Quercus alba L.), black oak (Q. velutina Lam.), scarlet oak (Q. coccinea
Muenchh.), chestnut oak (Q. montana Willd.), and hickory species are typical of upland slopes, while more
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mesic species such as American beech (Fagus grandifolia Ehrh.), sugar maple (Acer saccharum Marsh.), white
ash (Fraxinus americana L.), yellow-poplar (Liriodendron tulipifera L.), and black walnut (Juglans nigra L.)

are more common in coves and lower slopes.

The Escarpment subsection has sandstone outcrops and rock shelters that are not present as in the
Crawford Uplands subsection, although much of the upland sections are otherwise similar in soils and
topography. The Escarpment Subsection has limestone outcrops and lower areas may contain limestone-
derived soils and karst topography. In the upland areas, post oak (Q. stellata Wangenh.) and black oak tends
to replace chestnut oak on drier sites, while some of the cove species present on the Crawford Uplands

subsection are absent in the Escarpment subsection.

METHODS

Sampling and Vine Control

In 1986, 74 stands were located and inventoried to evaluate regeneration of clearcut upland hardwood
sites in southern Indiana (Fischer 1987). An abbreviated description of the 1986 methods is provided here,
but a detailed description may be found in Fischer (1987). All sampled stands were selected based on the
requirement that they were harvested between 1969 and 1982 and had complete management records,
including age, acreage, and sawtimber volume by HNF species groups. Sampling was conducted between
July 1986 and March 1987. Measurement plots were 0.004-ha circular plots with a resulting sample
intensity of 1.0 percent. All trees and woody shrubs greater than 1.37 m were tallied by species, crown
class, and origin (seedling, seedling sprout, stump sprout, or residual). All wild grapevines rooted within
sample areas were tallied using the same procedure as Standiford and Fischer (1980); however, host tree

species was not recorded.

In 2004, new plots were established because the 1986 plot centers could not be efficiently relocated. Plots
were arranged at a density of 2.5 plots ha™ for a sampling intensity of approximately 10 percent. Each plot
consisted of a 0.04-ha plot where trees with a diameter at breast height (d.b.h.) of 2.54 cm and greater
were measured. Species, d.b.h., and crown class (dominant, intermediate, suppressed) were recorded for
each tree. The number of grapevines rooted in the plot and entangled in the canopy of a tree within the
plot, and the tree in question, was also recorded. Aspect was recorded to the nearest 5° of azimuth. Aspect
measurements were transformed using Beers and others (1966) transformation procedure; thus, four groups
were derived, hereafter referred to as aspect code. Aspect codes 1 (185° to 265°) and 2 (135° to 185°, and
265° to 315°) range from southeast to northwest, and were typically more xeric sites, while aspect codes 3
(85° to 135°, and 315° to 5°) and 4 (5° to 85°), were more mesic sites, and denote aspects ranging from
northwest to southeast. Slope percentage was recorded to the nearest 5 percent and later classified as slope
code 1 (0 to 15 percent slope) and slope code 2 (16 to 30 percent slope). Slope position was recorded as
upper, mid, and lower slopes. The change in grapevine density between 1986 and 2004 was calculated

by subtracting grapevines ha™ by plot in 2004 from the plot average (grapevines ha™') in 1986 for each

treatment.

Manual tending of grapevines was conducted in 10 stands (233 plots) within the Shawnee Hills natural
region, and these were compared to 40 stands (711 plots) that received no grapevine treatment. HNF
contract regulations required that at least 90 percent of all grapevine stems be severed within 46 cm of the
ground with no chemical application to severed stems. Stands were treated between 1986 and 1989, and
they ranged in age from 11 to 18 years at the time of treatment, shortly after the beginning of the stem

exclusion stage of stand development.

Proceedings of the 16th Central Hardwoods Forest Conference GTR-NRS-P-24 397



Table 1.—Mean change in grapevine density ha™ from 1986 to 2004 as related to vine control,
aspect, position code, and slope code for 50 stands of the Hoosier National Forest, IN

Factor Category No. plots Mean + SE P-value r
Vine Control <.0001 0.311
Untreated 1" 628 + 10
Treated 223 1139 + 33
Aspect Code 0.0355 0.009
1 215 802 + 24 0.0230
2 237 768 £ 27 0.4260
3 274 734 £ 25 0.4470
4 208 697 + 25 0.0210
Position Code 0.0805 0.005
Lower 178 781+ 28
Midslope 572 727 £ 15
Upper 184 791 £ 37
Slope Code 0.4809 0.001
836 753 + 14
2 98 724 £ 39

Statistical Methods

For changes in grapevine density over time, vine control, aspect code, position code, and slope code
were analyzed separately with one-way analysis of variance using the GLM procedure of SAS (Version
9.1, SAS Institute Inc., Cary, NC). Contrasts were used to detect differences in levels of each factor. For
grapevine occurrence and host species associations, all three factors (vine control, host species group,
and canopy class) were tested in the same manner. Analysis of variance is fairly robust against departures
from normality and unequal variance when sample size is large such as in this case; hence, data were not

transformed after prior analysis.

RESULTS

Grapevine Density over Time

Change in grapevine density from 1986 to 2004 was influenced only by grapevine removal (P <0.0001,

r’ = 0.31) and aspect code (P = 0.035, r* = 0.09). The reduction in grapevine density was greater in plots
from treated stands than in plots from untreated stands (Table 1). Grapevine density in plots from treated
stands decreased from an average of 1404 + 102 vines ha to 265 + 33 vines ha”', while grapevines in plots
from untreated stands decreased from an average of 872 + 32 vines ha™ to 244 + 10 vines ha™ (Table 2,
Fig. 1). Treated and control plots had similar density in 2004 (Table 2). Grapevine density reduction in
aspect code 1 (xeric) was significantly greater than in all others, from an average of 999 + 67 vines ha™ to
199 + 17 vines ha™ (P = 0.023). Aspect code 4 (mesic) had the lowest reduction, from an average of 1027
+ 69 vines ha”' to 278 + 22 vines ha (P = 0.021).

Grapevine Occurrence and Host Species Group

Grapevine occurrence in 2004 was influenced by grapevine removal (P < 0.0001, r2 = 0.001), host species
group (P < 0.0001, > = 0.026), and canopy class (P < 0.0001, t* = 0.030). Mean occurrence was 0.168 +
0.005 vines tree”" in plots from treated stands versus 0.124 + 0.002 vines tree in plots from untreated stands
(Table 3). Contrasts showed all species group were significantly different from each other. Black cherry had
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Table 2.—Mean grapevine density (vines ha™) in 1986 and 2004 as related to vine control, aspect, position code,
and slope code for 50 stands of the Hoosier National Forest, IN

Factor Category No. plots (Mean = SE) No. plots (Mean = SE)
Vine control Untreated 904 872 + 32 " 244 +10
Treated 319 1404 £102 223 265 + 33
Aspect 1 266 999 £ 67 215 199 + 17
2 305 972 £ 62 237 253 + 22
3 342 1040 + 85 274 264 + 22
4 310 1027 + 69 208 278 + 22
Position code Lower 178 1271 £ 106 178 249 + 23
Midslope 906 983 + 42 572 254 + 12
Upper 139 860 + 82 184 248 + 32
Slope code 1 1048 1039 + 40 836 244 + 11
2 145 763 +£72 98 295 + 32
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by far the highest occurrence with 0.428 + 0.012 vines tree” while other groups ranged from 0.08 to 0.18
vines tree”’ (Table 3). Canopy classes were also all significantly different from each other at the P < 0.0001
level, with highest occurrence in the dominant class and lowest in the suppressed class (Table 3).

Descriptive statistics showed that nearly 10 percent of all trees were infested with grapevines (Table 4); 30
percent of those infested were black cherry, 13 percent were yellow-poplar, and 10 percent were oak. While
only 8.6 percent of trees in the other species group were infested, they comprised 41.4 percent of all vines
tallied. A breakdown of the other species group showed that elm comprised 24.5 percent of that category
(10.1 percent of total), followed by white ash with 15.6 percent and sassafras at 14.5 percent. Hence, black
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Table 3.—Mean grapevine occurrence (vine tree") in 2004 as related to vine control,
species group, and canopy class for 50 stands of the Hoosier National Forest, IN

Factor Category No. trees Mean + SE
Vine control Untreated 56,825 0.124 £ 0.002
Treated 14,164 0.168 + 0.005
Species group Black cherry 4,351 0.428 + 0.012
Maple 21,504 0.085 + 0.003
Oak 6,435 0.124 £ 0.005
Other species 33,050 0.118 £ 0.003
Yellow-poplar 5,649 0.181 £ 0.007
Canopy class Dominant 20,995 0.257 + 0.004
Intermediate 25,648 0.110 £ 0.003
Suppressed 24,346 0.049 + 0.002

cherry was the species with the most vines, representing 19.8 percent of the total, followed by maple with
19.5 percent and yellow-poplar at 10.9 percent.

DISCUSSION AND CONCLUSIONS

Throughout the Central Hardwood Region, wild grapevines are often considered an obstacle to quality
timber production (Trimble and Tryon 1974, 1979, Smith 1984, Golden 2002). Trimble and Tryon

(1974) identified four major concerns associated with grapevine invasion: 1) breakage of tops and limbs;

2) twisting and bending of stems; 3) smothering of trees and interference with photosynthesis thus
decreasing growth; and 4) increasing damage by ice, snow, and wind. The high densities observed in the
1986 measurements confirm these concerns about the rapid growth of grapevines and their domination of
patches within young stands of hardwoods. Both Smith (1984) and Golden (2002) identified thick patches
of grapevine as the major deterrent to obtaining adequate regeneration in young hardwood stands following
group selection, especially on better quality sites. Beck and Hooper (1986) also observed heavy grapevine
densities following clearcutting, with more than 50 percent of their study plots heavily influenced by

grapevines.

The strong association of grapevine presence and canopy class is not surprising considering its species’
relative shade intolerance. Grapevines may exist in shaded conditions for a period of 2 to 5 years, but
prolonged periods of shade reduce their growth and will eventually kill the vine (Smith 1984). Although
grapevine density reduction was greatest on xeric aspects, the combination of high water-transport
demands as indicated by the morphology of grapevines and a series of drought events between 1986 and
2004 (Morrissey 2006) may have influenced this finding.

A number of treatments, both preharvest and postharvest, are recommended for controlling grapevine
densities (Smith 1984). In this study, the HNF used the 1986 results to identify stands with high
grapevine densities and these stands were then treated. While density decline between 1986 and 2004

was significantly greater in treated stands (Table 1), densities in 2004 were similar in all stands (Table

2). Vine density declined in almost all stands in this study (treated or nontreated). Assuming control
measures reduced grapevine density to the contract standards (minimum 90 percent reduction), an average
of 140 grapevines ha! were present in the treated plots after 1986. We observed that grapevine density

. . -1 . . . . .
in these same treated plots was about 265 grapevines ha™ in 2004, a density similar to that observed in
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Table 4—Descriptive summary of grapevine occurrence in 2004 as related to vine control, species group,
and canopy class for 50 stands of the Hoosier National Forest, IN

No. No. infested Percenttrees No. Percent total

Treatment Canopy class Species trees trees infested vines vines
None Dominant Black cherry 2498 930 37.2 1308 13.9
Maple 2417 384 15.9 485 5.2

Oak 3140 444 14.1 539 5.7

Other species 5232 947 18.1 1256 13.3

Yellow-poplar 3264 492 15.1 663 7.0

Intermediate Black cherry 936 193 20.6 247 2.6

Maple 6556 452 6.9 542 5.8

Oak 1691 111 6.6 131 1.4

Other species 11095 855 7.7 1097 1.7

Yellow-poplar 874 74 8.5 93 1.0

Suppressed Black cherry 102 5 4.9 8 0.1

Maple 7617 152 2.0 212 2.3

Oak 715 13 1.8 17 0.2

Other species 10369 269 2.6 413 4.4

Yellow-poplar 319 1" 34 18 0.2

Vine control Dominant Black cherry 722 142 19.7 251 2.7
Maple 536 68 12.7 133 1.4

Oak 563 58 10.3 87 0.9

Other species 1734 263 15.2 453 4.8

Yellow-poplar 889 123 13.8 218 2.3

Intermediate Black cherry 79 13 16.5 34 0.4

Maple 1688 127 7.5 222 2.4

Oak 267 14 5.2 19 0.2

Other species 2249 216 9.6 407 4.3

Yellow-poplar 213 16 7.5 26 0.3

Suppressed Black cherry 14 6 429 13 0.1

Maple 2690 120 4.5 239 25

Oak 59 6 10.2 6 0.1

Other species 2371 146 6.2 273 2.9

Yellow-poplar 90 2 2.2 4 0.0

TOTALS Black cherry 4351 1289 29.6 1861 19.8

Maple 21504 1303 6.1 1833 19.5

Oak 6435 646 10.0 799 8.5

Other species 33050 2696 8.2 3899 41.4

Yellow-poplar 5649 718 12.7 1022 10.9

Sum 70989 6652 9.4 9414 100.0
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control plots, likely indicating that grapevine density in treated plots increased from 1986 to 2004, while

grapevine density decreased in the control plots during the same years. Crawford (1971) and Trimble and
Tryon (1974, 1979) noted that vines originating from sprouts grow faster and more vigorously than vines
originating from seeds, and vigorous sprouting might explain the limited effectiveness of treatments. Beck
and Hooper (1986) also observed moderate success in controlling grapevine densities in young stands 5

years following treatment. Success of the control treatment applied on the HNF appears limited.

Other than reports of stem breakage and other quality issues related to entanglement with grapevines,

no research has reported loss of growth or effects on species composition. Based on our results looking at
individual trees with vines, grapevines do not appear to randomly disperse among the available species.
Thirty percent of all vines were found in black cherry, while black cherry comprised only about 17 percent
of all trees (Table 4). On the other hand, oak species, which outnumber the black cherry stems, had about
half the total number of stems with vines. Differences in numbers of vines observed may be attributed to
the finer, more numerous branches of black cherry, as well as to an association between the period of fruit

ripening of both species and similar browsers using the fruits as a food source.
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