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Preface for current drafts (Jan 2016). I have updated Part I (from 2014-15) and now 
completed Part II in a separate file. My goal for these materials is to publish a succinct 
summary in a standard scientific journal, and to develop further plans for research at this site.  
Their current format resembles a thesis or dissertation, with too much detail for regular 
publication in a standard journal. It is first important for interested people to communicate 
more and develop cooperative goals, ideally across the central Bluegrass region. 
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EXECUTIVE SUMMARY [for Parts I and II]. Before Virginian settlement, the central 
Bluegrass region of Kentucky was largely covered by unusual mixed woodland (maples, 
hickories, elms, walnuts, ashes, oaks, etc.) with much apparent influence from herbivores, 
which concentrated here at least seasonally due to high nutrient content in the soil and “dense 
herbage” (cane, peavine, wild ryes, buffalo clovers, etc.). Griffith Woods, in Harrison County, 
offers our best opportunity for restoration of something like the original woodland. However, a 
serious long-term effort here and across the region will require more fundamental cooperation 
among interested people. Within the 20 acre “Collection Field” at Griffith Woods, adjacent to 
the northern block of ancient trees, I established an initial set of plantings for selected native 
plants during 2003-2007, and conducted an initial survey of the vegetation. Reports below 
provide some details of this research. There has been virtually no previous published research 
in eastern North America that explores spatial effects of herbivory at such small scales. 
Moreover, there has been virtually no extended work on old field vegetation in Kentucky, 
despite much general ecological theory having been developed from old fields in other states 
(KS, MN, WI, NJ, NC). A pronounced feature of the Collection Field is that herbivory does 
appear to be a major factor controlling the spatial pattern of succession to woody plants, 
perhaps more so than in typical old fields studied elsewhere. But a suprising added feature is 
the apparent effect of pollution from the adjacent road (US 62). It is important to continue 
research on variation in soil chemistry, especially potential relationships with nitrogen, and to 
explore general application of Vera’s Hypothesis (2000) here in North America. This research 
also reveals interesting patterns in toxic plants versus spiny plants, and it should be extended 
into other fields at Griffith Woods, including areas with abundant poison hemlock—an invasive 
nitrophilous alien that may be reduced by planting competitive native plants like cane 
(Arundinaria). Interdisciplinary work of this type is critical to understanding how restoration 
should proceed from old fields to woodlands on eutrophic sites in this region and elsewhere. 
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PART I: ABSTRACT 

 
Herbivory’s potential role in shaping spatial patterns of woodlands across eastern North 

America remains an elusive topic in ecological research. Yet there has been virtually no 
attempt to map out the local patterns in herbaceous vegetation or woody populations at sites 
with intensive effects by deer or other herbivores. This study explores such pattern in northern 
Kentucky, at a rectangular 20 acre [8 ha] hay-field last cropped during 2003, between a busy 
two-lane highway and a woodland remnant with trees up to 200–350 years old. A grid-based 
survey of 199 vegetation plots was conducted here during September of 2007. Also, a few 
hundred seedlings or saplings of three native woody species were planted in transects across the 
field during 2004–2005, so that their fate could be observed. Spatial patterns within existing 
vegetation were interpreted using trends in ‘browsing-associated’ groups of species (assigned 
with a review of the literature), and trends in direct evidence of herbivory, especially on the 
planted blue ash. Variation in the vegetation was not clearly related to topography, but 
primarily to a general diagonal pathway travelled by deer across the field. There was a 
concentrated zone of highway-crossing near one corner of the field, and concentrated zones of 
browsing towards the back where animals were more sheltered from the road and closer to the 
ancient woodland. Herbivory from deer and perhaps smaller mammals (with review of 
literature) is probably a major factor controlling succession within this field. The suggested 
distinction here of more sensitive tree species (including Acer, Celtis, Fraxinus, Morus, Ulmus) 
versus more tolerant species (including Carya, Juniperus, Gleditsia, Gymnocladus, Juglans, 

Prunus, Quercus, Robinia) does accord with a broad review of the literature on eastern 
woodlands. These results help to build a general hypothesis for how herbivores controlled 
much of the dynamics in woodlands on more eutrophic soils before human settlement, and how 
such processes might be partially restored. 
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INTRODUCTION 

 
 The potential role of herbivory in shaping fine spatial patterns of woodlands (broadly 
defined) across eastern North America remains an elusive topic, with little published research. 
There has been considerable research into patterns of herbivory at larger scales (e.g., Finder et 
al. 1999, Shi et al. 2006), and similar studies have been conducted in other temperate regions 
(e.g., Wallace et al. 1995, Etzenhouser et al. 1998, Morellet & Guibert 1999). However, there 
appears to have been almost no attempt in temperate woodland anywhere to map out patterns in 
herbaceous vegetation and woody stems at scales of less than 1 ha within sites where intensive 
local effects by deer or other herbivores are likely to occur. Given that large herbivores can 
create distinct pathways, it surprising that there have been so few published studies that 
thoroughly describe the zonation of vegetation along such pathways.  
 
 There are a few studies in eastern North America that have approached this subject, as in 
analysis of how herbivory by large or small mammals on woody plants in old fields is related to 
distance from forest edges (e.g., Myster & McCarthy 1989, Myster & Pickett 1992, Ostfeld et 
al. 1997, Cadenasso & Pickett 2000, Manson et al. 2001, Meiners & Martinkovic 2002, Flory 
& Clay 2006, Ruzicka et al. 2010). Similar patterns are expected in clearcuts or other canopy 
gaps in forests, but there is virtually no documentation (e.g., Heinen & Curry 2000). Other 
relevant work has shown that herbivory by deer is clearly reduced on inaccessible rocky sites 
(Comisky et al. 2005), and that it is reduced among dead woody material in some situations but 
not others (Chantal & Granström 2007, Cipollini et al. 2009, Kruger & Peterson 2009). But 
there has been little published research on the potential effects of steep slopes in general, with 
or without rocks, and on the potential role of dense thickets, especially with thorns (e.g., 
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Forrester et al. 2006). Such effects have often been noted in Europe (e.g., Vera 2000, Grove & 
Rackham 2001, Fletcher 2007). 
 
 Elsewhere in temperate regions, Vera (2000) has presented a profound new view of the 
prehistoric dynamics within woodlands of the central European plains. He invoked the 
continually shifting trail system of larger herbivores as a major factor. Much associated 
research has been published in Europe, and although a few of these studies have pointed to 
some exaggerated interpretations by Vera (e.g., Mitchell 2005), there is general agreement that 
larger herbivores probably had great local impacts on fertile soils with productive accessible 
vegetation (e.g., Bakker et al. 2004, Johnson 2009, Sommer et al. 2011). But even within 
Europe, there has been little detailed study of the local spatial patterns in vegetation along 
animal trails within woodland, shrubland or grassland. 
 
 I have adapted Vera’s (2000) concept into a hypothesis for how large herbivores 
contributed to the diversity of original woodland on deep eutrophic soils of the Bluegrass 
region within the central Ohio Valley (Campbell 2012). This type of woodland, broadly 
defined, used to occur on much of what became ‘prime agricultural land’ in the east-central 
U.S.A. (Campbell 1989, 2013). Several imperiled species in such woodland appear to have 
been largely dependent on the disturbances of larger herbivores, including the federally 
endangered Trifolium stoloniferum (Campbell et al. 1988) and the newly described T. 

kentuckiense (Chapel & Vincent 2013). The ‘herbivore hypothesis’ can be elaborated into a 
dynamic model with two basic processes overlaid on the somewhat independent gradient from 
deep shade to full sun: (1) large herbivores concentrate their effects in productive palatable 
vegetation, especially vigorous regrowth after disturbances of the canopy; (2) with time, more 
‘tolerant’ (effectively resprouting) or ‘resistant’ (thorny, toxic or repellant) plants accumulate 
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within such regrowth, leading to a shift in canopy composition as the woodland recovers to a 
more mature shady condition. A somewhat cyclical pattern is envisaged, although undoubtedly 
subject to many unpredictable variations. The resulting dynamic braiding of paths and zones 
with varied degrees of herbivory may be essential to the natural ecology of woodland with 
unusually productive “herbage”—as suggested by historical information from the central 
Bluegrass. This paper is an initial exploration of such processes within the region. 
 
 Griffith Woods lies on a 745 acre [300 hectare] tract in Harrison County, Kentucky, 
formerly known as Silver Lake Farm. This tract provides the best opportunity for restoration of 
something like the original woodland within the central Bluegrass. The whole farm was 
initially purchased by The Nature Conservancy in 2003, and the University of Kentucky 
became a partner in ownership, management and research after 2004. However, the site has 
now been transferred to ownership by Kentucky Department of Fish and Wildlife Resources. 
The most complete account of the site that is now widely available is the master’s thesis of 
Berry (2007); see also provisional materials at various websites.  
 
 The study reported below is based on detailed mapping of a 20 acre [8 ha] hay-field at the 
northern side of the farm, last cropped in 2003. In addition, a few hundred seedlings or saplings 
of three native woody species were planted in transects across the field during 2004–2005, so 
that their fate could be observed. The initial design for this ‘Collection Field’ focussed on 
plantings of selected species that will be needed in general restoration of diverse native 
vegetation across the region, from deep shade to full sun. The field is approximately 
rectangular, between a busy two-lane highway and a woodland remnant with ancient trees up to 
200–350 years old. Deer were frequently observed in the field, and they often crossed the 
highway near the southwest corner, where several animals were hit and killed during 2005–
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2007 (as mapped by J. Cox, pers. comm.). A grid-based survey of 199 20 × 5 m vegetation 
plots was conducted here during September of 2007. By that time many self-sown woody 
plants had grown up to 2–3 m tall, but there was much variation in stem density across the 
field. Existing non-woody vegetation within the field appeared at first to be relatively 
homogeneous, but the 2007 survey revealed interesting patterns that are reported here. 
Interpretation below relies partly on an ‘indicator species’ approach as well as on direct 
observations of herbivory. With the overall ‘herbivore hypothesis’ (Campbell 2012) as general 
background, results here are used to develop a more specific application of the hypothesis for 
this field. Potential subsequent tests are outlined in the Discussion. 

 
METHODS 

 
In 2003, ten rows across the field were established for plantings, parallel to the road: 

numbered 1 to 10 from the road towards the woods (Figure 1). Each row was about 7.5 m wide 
and each was divided into a northeast (“N” in figures below) and a southwest (“S”) section by a 
central mowed path for access into the field. Center-lines of rows are about 17.5 m apart on 
average, but diverge to about 20 m in the southern corner of the field. Paths about 10 m wide 
were mowed between rows about twice per year from 2004 to 2007. The 20 row sections (10 N 
plus 10 S) were divided into four blocks of five sections each. Within each block, the five row 
sections were randomly assigned five long-term treatments: (1) continued grassland without 
woody plantings; (2) shrub plantings; (3) plantings of browsing-sensitive trees; (4) plantings of 
browsing-tolerant trees; (5) plantings of trees that typically occur in the deepest woods.  
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This paper reports only results from the most abundant initial plantings, as follows. 
 

(a) 102 seedlings of roughleaf dogwood (Cornus drummondii) were planted during the winter 
of 2004-2005 at irregular intervals of 5–10 m along the four row sections with shrub-plantings 
(treatment 2). Seedlings were 2 years old and mostly 0.5–1 m tall. The row sections received 
the same overall density of seedlings, but an effort was made to place plants at quasi-random 
positions along the center-line of each row. 
 

(b) 262 seedlings of sugar maples (mixed Acer saccharum and A. nigrum) were planted during 
the winter of 2004–2005 in the four row sections for trees of deeper woods (treatment 5). 
Seedlings were 2–4 years old and mostly 0.1–0.3 m tall. The row sections received the same 
overall density of seedlings, but with a roughly zig-zag pattern of placements within 3 m from 
the center line. 
 

(c) 167 saplings of blue ash (Fraxinus quadrangulata) were planted during Feb–Mar of 2004 
along the 12 row sections designed for trees (treatments 3, 4 and 5). Saplings were mostly 3–5 
years old and 1–1.5 m tall, and came from four local provenances with different nursery 
history, which were uniformly mixed along the rows. Plantings were placed at irregular 
intervals of 10–15 m along the center lines of each row, but maintaining the same overall 
density along all rows. In a few cases (especially treatment 3), trees that died after 1–2 years 
were replaced; replacements are excluded from survival percentages reported below, but they 
are included in statistics on extension growth. [Because a large number of blue ash saplings 
were available from the nursery, these were planted more widely than the final focus for blue 
ash on treatment 3.] 
 

In all cases (a, b and c), planted trees were each provided with a ca. 1 m2  weed-control mat cut 
out of old carpet, which was then removed in 2007–2008. These mats helped locate planting 
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positions during the survey. Additional weed control, using black plastic sheets and herbicide, 
was employed during early management of 2003–2004 within the two lower left row sections 
(S9 and S10).  
 

The vegetation was surveyed during September of 2007 within 199 unmowed plots, each 
20 × 5 m [100 m2] and contiguous along the 20 row sections. Within these plots, all vascular 
plant species were recorded. Nomenclature generally follows Weakley (2014). Each 
herbaceous species was assigned cover-class, using a quasi-logarithmic eight-point scale (Table 
1). For each woody species, numbers of stems were estimated, using classes for denser thickets: 
10–20; 20–30; 30–40, etc. Height of each stem was estimated, largely using 0.5 m classes: <1 
m; 1–1.5 m; 1.5–2 m; 2–2.5 m, etc. Along fencerows and woodland edges around the field, 
trees at least 10 cm dbh were recorded in units adjacent to each of the peripheral 20 × 5 m plots 
within the field. The recorded trees were in zones up to 10 m wide: generally ca. 5 m wide 
along the road on NW side, 5–10 m along the NE side, and 10 m wide along the SW side and 
along the back edge transitional to the old growth on SE side. Percent species-composition of 
these trees, in terms of basal area, was visually estimated at each location around the field. 

 
For planted species, the fate of each individual was examined in 2007, but many maples 

and dogwoods had died and disappeared. In the blue ash saplings, annual extension growth of 
leading shoots was measured from bud scars for 2007 and 2006. But in many blue ash saplings, 
leaders had been browsed, otherwise damaged or died. In these cases, extension growth of the 
most vigorous remaining shoots was measured. Blue ash saplings were classified as follows:  
(a) original leader intact, healthy with little or no unusual sprouting of lateral or lower shoots; 
(b) original leader intact but some unusually strong growth by lateral branches or lower shoots; 
(c) original leader dead and in most cases largely replaced by a lateral branch or lower shoot.  
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After inspection of distributional trends for each of the more common plant species, it was 
possible to distinguish several species with concentration in southern parts of the field, 
especially along or near the approximately diagonal pathways used by deer (Figure 2c). 
General knowledge and review of literature supported the concept that these species tend to be 
more ‘browsing-associated’ (or even “tolerant”) compared to the remaining species; selected 
references are cited in the footnotes to Tables 3 and 4. Most of the other species exhibited no 
clear concentration of this type, and only one common species had a distinct opposite 
concentration in the northern part of the field: Verbesina alternifolia (Figure 2c).  

 
Two groups of species were established based on local distribution patterns within this 

field (e.g., Figure 2c) plus general review of preference-versus-avoidance by deer and other 
ecological traits: (1) generally ‘browsing-associated’ species (Tables 3a, 4a); and (2) the largely 
‘neutral’ or ‘browsing-sensitive’ remainder (Tables 3b, 4b). Among forbs, grasses, subshrubs 
and ground-covering vines, 25 species were classified as ‘browsing-associated’; the remaining 
26 were not clearly associated with browsing, although they may well have small to moderate 
positive or negative reactions in some situations. Species with cover of at least 0.1% in less 
than 5 plots were excluded. With this division, a provisional index for browsing influence in 
the herbaceous vegetation was the total estimated cover for these browsing-associated species, 
using the same quasi-logarithmic scale for individual species (Table 1). Means of this index in 
plots can thus provide estimated geometric means for percent cover. Among trees and shrubs 
there were 16 with browsing-associated and 9 without such association. Indices of browsing 
influence on these woody species in each plot was the proportion of browsing-associated 
species among ‘seedlings’ (<1 m tall) and among ‘saplings’ (≥1 m tall). 
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 In the analysis, ‘subshrubs’ were included with the forbs: these are mostly common 
blackberry (Rubus pensylvanicus) and coralberry (Symphoricaros orbiculatus), with spreading 
patches of clonal stems up to about 1–2 m tall. Some woody vines were also included with the 
forbs, since these species behaved in this field largely as ground-covering subshrubs (Campsis 

radicans and Toxicodendron radicans). These vines generally formed a minor proportion of the 
total woody density (< 1%); their irregular growth forms hindered meaningful stem counts; and 
they would have added unnecessary ‘noise’ to tree and shrub data. However, the grapevine 
Vitis vulpina was included with trees and shrubs, since it usually appeared as more distinct 
seedlings and did not cover distinct patches of ground. 

 
The vegetation survey noted any clear signs of herbivory or associated damage by 

mammals during the growing season of 2007. However, there was no thorough effort to search 
for signs below 1 m in height above ground. Although most of these signs were on woody 
plants, in a few cases they were on forbs, especially taller herbs. The most obvious signs were 
concentrated on the planted blue ash saplings, many of which had browsed or broken leaders, 
rubbed stems or chewed basal bark. The damage to basal bark may be attributed to smaller 
mammals, especially voles (e.g., Inouye et al. 1994, Manson et al. 2001). In the case of 
multiflora rose, causes of herbivory were more obscure, since invertebrates (including Japanese 
beetles) or pathogens (Epstein & Hill 1999) also appeared to be involved. For each rose bush, 
an approximate tally of dead or “sick” stems was made, as well as healthy ones.  
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Table 1. Abundance scores for visual estimates of leafy cover within unmowed vegetation 

plots. This quasi-logarithmic scale reflects the interest in finer differences between less 
common species, since most species usually have <1% cover. Means based on these numbers 
for each plot can thus provide estimates of geometric mean abundances for groups of plots.  
 

* There was an effort to record additional species observed only within adjacent mowed lanes 
between rows, up to 5 m from each plot. These records are excluded from quantitative analysis, 
but they are used in the maps for each species, as illustrated in Figure 2c. 
 
 

Score Percent Cover 

0 absent/adjacent* 

1 present: 0–0.1%  

2 0.1–0.3% 

3 0.3–1% 

4 1–3% 

5 3–10% 

6 10–30% 

7 30–100% 
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Table 2. Description of each vegetation type. Species not listed usually had <10% cover. 

 

Label for Map Name of Type Description 

grass- 
dominated 

strongly grass-dominated 
 

bluegrass and fescue both usually 
>30%; other species each <10% 

goldenrod 
codominant 

grass, goldenrod (major) 
 

bluegrass usually >30%; fescue >10%; 
goldenrod >30% 

goldenrod  
common 

grass, goldenrod (minor) 
 

bluegrass usually >30%; fescue >10%; 
goldenrod 10-30% 

aster  
abundant 

grass, goldenrod, aster 
 

bluegrass > 30%; fescue >10%; 
goldenrod >10%; aster 10-30% 

hemock  
abundant 

grass, goldenrod, hemlock  
 

bluegrass or fescue >10%;  
goldenrod >30%; hemlock >10%;  

crown-vetch 
abundant 

grass, goldenrod, crown-vetch 
 

bluegrass, fescue, goldenrod  
and crown-vetch all >10% 

trumper-creeper 
abundant 

grass, goldenrod, trumpet-creeper  
bluegrass or fescue >10%,  

goldenrod >10%, trumpet-c.10%,   

blackberry  
abundant 

blackberry, grass, goldenrod.  
 

blackberry >30%, goldenrod >10%;   
bluegrass or fescue >10%, 
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Table 3 [next pages]. (a) More ‘browsing-associated’ forbs and subshrubs defined for the 

analysis; (b) other forbs, graminoids and subshrubs, not clearly associated with browsing. 

Species were assigned to these two groups based on distributional patterns and traits (see text). 
Only species that occurred in at least 7 plots (of the 199) are included in these lists.  
Asterisks (*) indicate clearly alien species. Selected traits of interest are coded as follows: 
 

A = annual species (summer or winter); B = biennial or short-lived monocarpic species. 
 References: Fernald (1950), Gleason & Cronquist (1991), Yatskievytch (1999-2013), etc. 
F = seed appears adapted to dispersal in mammalian fur (references as in A, B and some F). 
G = seed may be often dispersed through gut of deer or other mammals; g = minor extent. 

References: Janzen (1984), Myers et al. (2004), Rosas et al. (2008), Williams et al. (2008), 
Iravani et al. (2011), Panter & Dolman (2012), Blyth et al. (2013), Frost et al., (2013) and 
their citations. This is a provisional indication based on few studies. 

R = species with running roots, rhizomes or stolons; r = less vigorous runners (ca. 1-10 cm). 
S = spines (or thorns) present on leaves or stems (references for R and S as in A and B). 
X = generally toxic to mammalian herbivores; x = slightly toxic or highly unpalatable. 

References: Muenscher (1961), Burrough & Tyrl (2001), Bryson & Felice (2009), and 
their citations.  See also further details in references below. 

 

Under “Reported deer-browsing degree” the four following general ranks are suggested.  
1. None or negligible: typically among the lowest ranked 20% of species; or if reported 
without comparison to many other species, such species are clearly avoided (<1%  of stems 
browsed) even by dense animal populations during the most attractive season. 
2. Low: not among the 20% least used but typically among the other 30% below median. 
3. Moderate: not among the 20% highly used but typically among other 30% above median. 
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4. High: typically among the highest ranked 20% of species; or if reported without comparison 
to many other species, such species are subjected to high levels of consumption (at least 25% of 
available stems browsed) by dense animal populations during the most attractive season. 
 

These ranks are supported by diverse literature, but for many species data are sparse and only 
tentative suggestions are made, indicated here by question marks. Ranks are often based partly 
on information about other species in the genus, since palatability and secondary chemistry are 
usually somewhat consistent within genera. Alphanumeric codes for sources are as follows:  
A1 Allen (1968); A2 Anderson et al. (2007 and his other papers); A3 Atwood (1941); B1 Blair 
(1960); B2 Bryant et al. (1981); B3 Bullock et al. (1994); B4 Burnett et al. (1977); C1 Cain et 
al. (2010); C2 Campbell & Johnson (1983); C3 Castleberry et al. (1999); C4 Cheplick et al. 
(1988); C5 Christopher et al. (2014); C6 Cooke & Farrell (2001); C6 Corrigan (2003); D1 
Dahlbery & Guettinger (1956); D2 Dale (1974); D3 DeJaco (2006); D4 Deliberto (1987); D5 
Desrochers et al. (1988); D6 DiTommaso et al. (2014); D7 Dostaler et al. (2011); E1 Edwards 
et al. (2000); E2 English & Bowers (1994); E3 Englund & Meyer (1986); F1 Frost et al. 
(2013); G1 Gubanyi et al. (2008); H1 Halls & Dell (1966; Halls 1975); H2 Heinrich & Predl 
(1993); H3 Hickman & Hartnett (2002); H4 Hilty (2012); H5 Hochwender et al. (2000), H6 
Hutchings & Price (1999); J1 Jull (2001); K1 Kindscher et al. (2012); K2 Kirby (2001); K3 
Kohn & Mooty (1971); K4 Korsgen (1962); L1 Leif (2013); O1 Ortega et al. (1997); M1 
MacDonald & Cavers (1991); P1 Parks et al. (2008); P2 Pitcher (1989); R1 Richens (1947); R2 
Riem et al. (1995); R3 Rose et al. (1985); S1 Sanderson et al. (2003); S2 Sauer et al. (1969); S3 
Schneider et al. (2006); S4 Sotala & Kirkpatrick (1973); S5 Stewart-Wade et al. (2002); T1 
Taylor (1956); T2 Torgenson & Pfander (1971); T3 Tu et al. (2003); V1 Viehoever et al. 
(1916); V2 Vila et al. (2005); W1 Warren & Krysl (1983); W2 Warwick & Black (1982); W3 
Webster et al. (2005). 



 19 

Table 3a. More ‘browsing-associated’ species; see explanation on preceding pages. 
 
 

Latin Binomial Traits Reported deer browsing degree 

Achillea millefolium L. [yarrow; possibly native] R LOW: A3, W2, horticultural info 

*Allium vineale L. [field-garlic] x NONE: R1, E2, E3 

*Barbarea vulgaris L. [bittercress] B g? x? ?NONE-LOW: A3, D6, M1 

 *Carduus acanthoides L. [plumeless thistle] 

*Carduus nutans L. [musk or nodding thistle] 

B S 

B S 
NONE: D5 

*Cirsium arvense (L.) Scop. [creeping thistle] 

Cirsium discolor (Muhl. ex Willd.) Spreng. [field thistle] 

 *Cirsium vulgare L. [bull thistle] 

R S 

B S 

B S 

LOW: A3, B3 and citations 

(vulgare); E1 (arvense) 

?HIGH: D3 (arvense) 

*Conium maculatum L. [poison-hemlock] B X NONE: P2 

*Daucus carota L. [wild carrot or Queen Anne’s lace] B F  LOW: A3, D2 

Desmodium perplexum B.G. Schub. [(common old field tick-trefoil] F R ?MOD: A3, D4, L1 

Erigeron annuus (L.) Pers. [eastern daisy fleabane] A ?MOD: A2, A3, C2, D6, W1 

*Glechoma hederacea L. [gill-over-the-ground or ground-ivy] R x LOW: C6, H6, K2                    

*Hypericum perforatum L. [common Saint John’s wort] R x NONE: V2 

*Pastinaca sativa L. [wild parsnip] B x NONE: C1 

Physalis longifolia Nutt. [smooth ground-cherry; var. lanceolata] 

Physalis heterophylla Nees [hairy ground cherry; var. ambigua] 

R x? 

R x? 
?LOW-MOD: D3, K1, W1 

*Potentilla recta L. [sulphur cinquefoil] g ?LOW-MOD: A3, F1, P1 
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Solanum carolinense L. [horse-nettle] G R S X NONE-LOW: A3, E2, H2 

*Trifolium pratense L. [red clover] and other clovers 
1
 b g HIGH: A3, D7 

*Verbascum blattaria L. [moth mullein] 
2
 B NONE: C2, W1 

Vernonia gigantea L. [common old-field ironweed] f? x? NONE: B4, T2 

Subshrubs: laterally suckering woody plants usually <2 m tall Traits Reported deer browsing degree 

Rubus flagellaris Willd. [common dewberry] G R S ?LOW: A3 

Rubus pensilvanicus Poir. [common old-field blackberry] 
3
 G R S ?MOD: A3, D1, H1, T1 

Symphoricarpos orbiculatus Moench [coralberry or buckbush] 
g R LOW-MOD: A3,  C2, D1, D4, 

G1, H2, J1 

 

Footnotes to Table 3a. 1 Assignment of Trifolium pratense (red clover) to this group (versus 
those in Table 3b) is somewhat arbitrary but it has negligible influence on the analysis. There 
were only 9 records of all clover species in the plots or in adjacent mowed zones: mostly T. 

pratense plus minor amounts of T. campestre and perhaps T. repens (flowering season missed), 
with cover no more than 0.1–0.3% in any one plot. Although these species are highly palatable, 
records here were all restricted to the back three rows of the field where deer appeared to have 
relatively strong influence: 8, 9 and 10. 
 

2 Verbascus thapsus, another browsing-resistant species, was also present in small numbers.  
 

3 Rubus allegheniensis, the relatively shade tolerant blackberry, can be more intensively 
browsed and much reduced by deer (e.g., Horsely et al. 2003); comparative studies are needed.
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Table 3b. Other forbs, graminoids and subshrubs not clearly associated with browsing. 

Some of these may increase locally due to deer, but there is probably no general strong effect. 
 

Forbs: latin binomial [and common name] Traits Reported deer browsing degree 

Ambrosia artemisiifolia L. [common / lesser ragweed] 
A fg? ?LOW-MOD: A3, D3, D4, T2, 

W1 

Ampelamus albidus (Nutt.) Britt. [honeyvine milkweed] R ?MOD: D6 

Apocynum cannabinum L. [dogbane] 
1
 R x ?LOW-MOD: A1, A3, K3 

Asclepias syriaca L. [common / field milkweed] 
1
 R x ?LOW: A3, H5 

Calystegia fraterniflora (Mack.) Brummitt [eastern bindweed] R ?LOW-MOD: A1, A3, D3, C7 

*Cichorium intybus L.  [chicory] B ?HIGH: S1 and citations 

*Plantago lanceolata L.  [English plantain] g ?HIGH: A3, D3, S1, S4, W1 

Ruellia strepens L. [common wild petunia] R ?HIGH: O1, H3 

*Securigera varia (L.) Lassen = Coronilla varia [crown-vetch]  g R x? ?MOD: S3, T3 [toxic to rodents] 

Solidago altissima L. [common old field goldenrod] 
2
 

fg R LOW-MOD: A3, D3, E3, H4, R3, 

S2 

Symphyotrichum ontarionis (Wieg.) Nesom [downy aster] fg R ?MOD: A3, E3, K4 

Symphyotrichum pilosum (Willd.) Nesom [common old field aster] fg? MOD: A3, D3, E3, H3, K3, T2 

*Taraxacum officinale L. [dandelion] 
3
 g MOD-HIGH: A3, D3, S5 

Verbesina alternifolia (L.) Britt. ex Kearney [lowland wingstem] f? ?MOD-HIGH: A3, D4 

Viola papilionacea Pursh p.p. [common yard violet] g? r MOD-HIGH: A3, C5, D3, R2, 



 22 

W3 

Graminoids: grasses and sedges Traits Reported deer browsing degree 

Andropogon virginicus L. [common broom-sedge]  ?LOW: A3, B2 

* Bromus inermis Leyss. [smooth bromegrass] g R ?LOW-MOD: A1, A3, D4 

Carex spp.  especially C. blanda Dewey [a common weedy sedge]
 4
 g ?LOW: A3, B2, C2, R3, W1 

* Dactylis glomerata L. [orchard grass] g r ?LOW-MOD: A3, R3 

 Dichanthelium clandestinum (L.) Gould [deer-tongue grass] r ?LOW-MOD: D4 

* Festuca arundinacea Schreb. [tall fescue] r x? LOW: A3, D4 

(*) Poa pratensis L. common bluegrass [ssp. angustifolia (L). Lej.]
 5
 g R MOD-HIGH: A3. C2 

* Sorghum halepense (L.) Pers. [Johnson grass]
 6
 g R x? LOW-MOD: A3, B2 

Tridens flavus (L.) Hitchc. [grease grass or purple top]  ?LOW: C4, V1 

Woody vines that behave here as subshrubs Traits Reported deer browsing degree 

V: Campsis radicans (L.) Seem [trumpet-creeper]
 7
 R MOD: A3, B1, C3, H1, J1 

V: Toxicodendron radicans (L.) Kuntze [poison-ivy]
 8
 R x? MOD-HIGH: A3, H1, S4, T2 

 

Footnotes to Table 3b. 1 Apocynum cannabinum and Asclepias syriaca are generally considered 
poisonous to livestock, but there are some reports of deer browsing on these species; here they 
are more frequent in zones with less browsing. 
2 There is remarkably little published comparative data on mammalian browsing of Solidago 

altissima, S. canadensis (sensu lato) or related species; Anderson et al. (2001) found that 
canadensis increased with deer, but DiTomasso et al. (2014) noted much browsing on 
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altissima. Hilty (2012) noted more mammalian herbivory on S. gigantea (which has less 
hairiness and less strongly bitter terpenoid taste). 
 
3 Taraxacum (like Trifolium spp.) may be generally palatable but able to withstand much 
browsing and trampling; see D3 for example of varied responses. 
 
4 Other locally frequent species of Carex within the field include C. aggregata and C. grisea; 
species present in more wooded transitions around the edges include C. conjuncta, C. jamesii, 
C. normalis and C. rosea. 
 
5 The native-versus-alien status of Poa pratensis remains uncertain. Although much seed of this 
species was introduced from Europe by Virginian settlers, it is possible that a native race did 
occur in North America, including plants that may be referrable to ssp. angustifolia (Gleason & 
Cronquist 1991; plus associated taxonomic literature). 
 
6 Sorghum halepense is known to produce cyanogenic glycosides under some conditions, but 
this nutritious warm-season grass is also highly preferred by cattle before flowering; there is 
little published informnation on use by deer. 
 

7 Assignment of Campsis radicans remains uncertain, but it was excluded here as an indicator. 
It is locally abundant and occurs mostly in the southern sections of the field, but it is 
concentrated in somewhat linear strips that might be interpreted as former fencerows or 
previous woodland boundaries. 
 

8 Despite the well-known dermatisis caused by urushiols in Toxicodendron radicans, this plant 
is often reduced due to consumption and trampling by ruminants. 
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Table 4 [next pages]. (a) ‘Browsing-associated’ trees and shrubs used in the analysis.  

(b) ‘Browsing-neutral’ or ‘-sensitive’ trees and shrubs. Species were assigned to these two 
groups based on local distribution, literature review and traits (see text). Asterisks (*) indicate 
alien species.  
 

Under “Zon” distributional trends across the zonation of Figure 3 are summarized for plants <1 
m tall (1st letter) and plants at least 1 m tall (2nd): O = most dense in OUTS, M in MARG, 
P in PATH; lower case indicates non-significant trend; parentheses indicate that infrequent 
species were combined for analysis. 

Under “Sap” percentages of surveyed stems at least 1 m tall are presented for each species; 
sprouts <1 m tall were not counted if they were clearly attached to a larger individual. 

Under “Mow” numbers of stems noted in mowed strips between the surveyed rows are 
presented as percentages of total stems in the surveyed rows (<1 m and >1 m); these 
mowed-over stems were almost all <1 m tall. Parentheses ( ) indicate total plants <5. 

 

Under “Traits” selected traits of interest are coded as follows. 
I = Intolerant of shade; these are generally unable to survive for long in deeper shade. 
 References: Fowells (1965), Valladares & Niinemets (2008), and their citations. 
B = fruits generally dispersed by birds; M = fruit often dispersed in guts larger mammals;  
N = nuts, dispersed especially by rodents; W = wind-dispersed seed. 
 Lower case letters indicate less consistent traits, probably with mixed dispersal methods. 

References: for general morphology, see Fernald (1950), Gleason & Cronquist (1991), 
Yatskievytch (1999-2013); for detailed studies of dispersal, see McCullough (1985)1, 
Willson (1993), Buttenschøn & Buttenschøn (1998)1, Myers et al. (2004), Williams & 
Ward (2006), Fedriani & Delibes (2009)1, Castellano & Gorchov (2013), and their 
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citations. 1These confirm that in Crataegus, Malus and Pyrus, fruit-consumption, seed-
dispersal and germination is often associated with medium-sized or larger mammals.  

R = species with running roots, rhizomes or stolons; r = less vigorous runners (< 1 m). 
T = thorns present on stems; t = less pronounced thorns on stems or spiny leaves 
 References for R and T as in B etc. 
X = generally toxic to mammalian herbivores; x = slightly toxic or strongly repellant. 

References as noted under Table 3; see also further details in some references below under 
‘deer-browsing degree.’ Note that tentative (“?”) indication of slight toxicity or highly 
repellant (bitter) chemistry in Carya cordiformis and Lonicera maackii is based only on 
personal experience of these species, and on studies with fruits of other species in these 
genera (e.g., Ehrlén & Eriksson 1993, Porto et al. 2013). The demonstrated mammalian 
effects of Lonicera may be generally medicinal rather than pathological (e.g., Shang et al. 
2011); although toxic effects of L. maackii extracts on invertebrates and amphibians (e.g., 
Watling et al. 2011) are known, no toxic effects of L. japonica extracts could be shown on 
rats (e.g., Thanabhorn et al. 2006). 

 

Under “Reported deer-browsing degree” see Table 3 for explanation. Uncertain ranks are noted 
with question marks (?), and are based at least partly on information from other species in the 
genus. Alphanumeric codes for sources are as follows, with underlined indicating studies based 
at least partly on exclosures: A1 Ashton & Lerdau (2008; Howery et al. 1999, Johnson et al. 
1995, etc.); A2 Atwood (1941); B1 Benavides (2002); B2 Bressette et al. (2012); C1 Campbell 
& Johnson (1983); C2 Castleberry et al. (1999); C3 Cogger et al. (2014, etc.); C4 Conover & 
Kania (1988); C5 Curtis & Rushmore (1958); D1 Dahlbery & Guettinger (1956); D2 Deliberto 
(1987); F1 Fargione et al. (1991); F2 Fowells (1965); G1 George & Powell (1977); G2 
Gubanyi et al. (2008); H1 Halls (1975); H2 Heinrich & Predl (1993); H3 Horsley et al. (2003); 
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K1 Knapp et al. (2008); L1 Long et al. (2007); J1 Jull (2001); M1 Masters et al. (1991); P1 
Parks Canada Agency (2011); P2 Petrides (1941); P3 Pogge (1967); R1 Rawinski (2008); R2 
Rossell et al. (2007); R3 Ruzicka et al. (2010); T1 Taylor (1956); T2 Tilghman (1989); T3 
Torgenson & Pfander (1971), T4 Tripler et al. (2002); W1 Wakeland & Swihart (2009); Z =  
personal impressions of the author (JC) in Kentucky. 
==================================================================== 
Table 4a. List of ‘browsing-associated’ trees and shrubs used in the analysis.  
 

Large trees: latin name 

[and common] 

Zon Sap Mow Traits 
Reported deer browsing degree 

Carya cordiformis 

(Wangenh.) K. Koch.  

[bitternut hick.] 

(mo) (0) (0) N x? 
LOW (A2 T1 Z)  

MOD (B2 C3) 

Gleditsia triacanthos L.  

[honey locust] 

(mo) 17 50 I M r T 
LOW (A2 F1 H2 J1 M1 T1 Z) 

Gymnocladus dioicus (L.) 

K. Koch  

[coffee tree] 

(mo) (0) (33) I M R X 

NONE (A2 H2 J1 Z) 

Juglans nigra L.  

[black walnut] 

(mo) 40 60 I N x LOW (A2 H2 T1 W1 Z)  

?MOD (C3) 

Juniperus virginiana L.  

[eastern red-cedar] 

Mo 75 3 I B t x LOW (M1 T1 Z)  

MOD (A2 C2 C4 F1) 

Quercus macrocarpa Michx.  

[bur oak] 

---- (--) (100) I N LOW (A2 C3 D1 Z)  

MOD (P3 T1 W1) 

Prunus serotina Ehrh.  

[black cherry] 

Mm 27 4 B X LOW (B2 C4 H3 R2 T2 W1 Z)  

MOD (A2 D1 F2 L1 P2 P3 T1 T4) 
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Platanus occidentalis L.  

[sycamore] 

---- (--) (100) I W NONE (R3 W1 Z)  

LOW (A2 C1 J1) 

Robinia pseudoacacia L.  

[black locust] 

---- 87 27 I bm R T x LOW (B2 C3 J1 T1 Z)  

MOD (A2) 

Small trees and shrubs    Traits Reported deer browsing degree 

Crataegus mollis Scheele  

[downy hawthorn] 

Pm 18 0 I bM T LOW (A2 B2 F1 H2 J1 M1 P2 T1 W1 Z); 

applies broadly to genus 

*Crataegus phaenopyrum 

(L.f.) Medik.  

[Wash. thorn] 

(--m) (100) (0) I bM T 

as above 

*Elaeagnus umbellata 

Thunb.  

[autumn olive] 

---- (100) (0) I BM? R T 

LOW (A2 C4 H2 J1 K1 M1 Z) 

*Malus baccata (L.) Borkh.  

[Siberian crabapple] 

mM 93 9 

 

 I bM r t  ?MOD (B2 C2 J1 M1 P2 T1 Z); 

but more on cultivated apples 

*Pyrus calleryana Decne.  

[Callery / Bradford pear] 

(mo) 86 14 I bM r T  ?LOW (C2 C4 Z)  

?MOD (F1 J1) 

*Rosa multiflora Thunb. ex 

Murr.  

[multiflora rose] 

MO 95 2 I bM R T 
?LOW (A2 J1 R1 T1 Z)  

?MOD (C1 D3 F1) 

Sambucus canadensis L.  

[eastern elderberry] 

(--o) (100) (0)  B R x LOW (D1 T1 Z)  

MOD (A2 W1) 

 
==================================================================== 
Table 4b. List of other trees and shrubs not increasing with browsing signs.  
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Large Trees: latin name [and common] Zon Sap Mow Traits Reported deer browsing degree 

Acer negundo L.  

[boxelder] 

OP 14 3 W LOW (A2 C3 D1 H2) MOD (B2 R3 

Z) HIGH (D2 R1); much variation 

Acer saccharinum L. 
1 
 

[silver maple]                                                 

Oo 23 2 W 
MOD (A2 M1 R3 W1 Z) HIGH (C3) 

Celtis occidentalis L.  

[hackberry]                                                    

oo 8 1 Bm r LOW (A2 C3 R2) MOD (G2 T1 Z) 

HIGH (R2); much variation 

Fraxinus americana L.  

[white ash]                                                  

OO 21 <1 W LOW (B2 D1 J1 R2) MOD (C3 C5 

P2 P3 T1 T4) HIGH (A2 F2 G2 L1 

Z); much variation 

*Morus alba L.  

[white mulberry]                                            

(--m) (100) (<1) I Bm  
HIGH (B1 Z) 

Morus rubra L.  

[red mulberry]                                                     

(--m) (100) (<1) Bm LOW (A2 T1) MOD (P1) HIGH (H1 

Z); much variation 

Ulmus americana L.  

[American elm]                                            

Mm 15 5 W LOW (D1 P2) MOD (C3 F2 T1 Z) 

HIGH (A2 G1 G2 P3 R3); much var. 

Shrubs and Vines    Traits Reported deer browsing degree 

*Lonicera maackii (Rupr.) Herder  

[Amur honeysuckle]                 

mo 34 3 Bm x? 
?LOW (T1) ?MOD (D1 Z) 

Vitis vulpina L.  

[fox grape]                                                                

Mm 10 2 Bm 
?MOD (A1 A2 T3 Z) 

 

1 Acer saccharinum is here due to seed blown in from planted trees in nearby yards; the species 
is not strictly native to this site but it is a native plant along riverbanks a few miles away. 
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Figure 1a. The Collection Field at Griffith Woods, 12 Nov 2004, from Google Earth, 

centered on 38.34
o
N, 84.35

o
W. Road along upper edge is US 62, running to right at 43.5o NE. 

Rows are about parallel to road, but slightly divergent to the lower left. Pale patches along 
some rows are weed control for small plantings of selected herbaceous species. The only 
buildings within 500 m of the field are those seen here at upper right; a house has been here 
since 1870 or earlier. A small electric utility line runs across the northern corner of the field. 
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Elevation: feet a.s.l 855-59 860-864 865-869 870-874 875-879 880-884 885-889 890-894

 
Figure 1b. Elevation at 20 × 5 m plot centers (data from Google Earth).
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Slope and aspect: larger 

squares are steeper

NE 8-12% E 8-12% SE 8-12% S & SW 8-12% Level <4%

NE 4-8% E 4-8% SE 4-8% S & SW 4-8% Bottom

 

Figure 1c. Aspect of slope at 20 × 5 m plot centers: larger squares indicate steeper slopes. 
“Level” ground had slopes generally less than 4%. “Bottoms” had variable slopes and aspects 
along small gullies. 
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Vegetation types: see Table 2 for description of each type 

and see Table 3 for latin names of each species

strongly grass-dominated goldenrod codominant goldenrod common

aster abundant trumpet-creeper abundant blackberry abundant

crown-vetch abundant hemlock abundant
 

 

Figure 2a. Provisional classification of vegetation based on most abundant species in each 

plot. 
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Bluegrass versus fescue bluegrass dominant both species abundant fescue dominant

 
Figure 2b. Balance of bluegrass (Poa pratensis) versus fescue (Festuca arundinacea) in the 

plots, based on cover classes (Table 1). “Dominant” indicates that the species had a distinctly 
greater cover class than the other species, but in some cases cover was only 10-30%.  



 34 

Solanum carolinense 

(horse-nettle)
zero mowed zone 0-0.1% 0.1-0.3% 0.3-1% 1-3%

Vernonia gigantea 

(ironweed)
zero mowed zone 0-0.1% 0.1-0.3% 0.3-1% 1-3%

Campsis radicans 

(trumpet-creeper)
zero mowed zone 0-0.3% 0.3-3% 3-30+%

Verbesina alternifolia 

(lowland wingstem)
zero mowed zone 0-0.1% 0.1-0.3% 0.3-1% 1-3%

 
 
 

Figure 2c. Distribution of selected species to illustrate varied patterns. 

Examples of browsing-associated species (see text). 
   Upper left: Solanum carolinense, with diagonal (strong) concentration from W to E corner. 
   Upper right: Vernonia gigantea, with general (weak) concentration toward back of field. 
Browsing-neutral or -sensitive species mostly had no clear trend across the field; such species 
are not shown here, but the following two species did exhibit patterns of interest.  
   Lower left: Campsis radicans, with somewhat bimodal distribution to sides of the diagonal. 
   Lower right: Verbesina alternifolia, the only species concentrated in the northern sector. 
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central pathway used by deer (interpreted) concentrated influence of deer (interpreted)

browsing-associated species not recorded cover class 1 or 2 (0-0.3%)

cover class 3 (0.3-1%) cover class 4 (1-3%)

cover class 5 (3-10%) cover class 6 or 7 (10-100%)
 

 

Figure 2d. Total abundance of ‘browsing-associated’ forbs (Table 3a) in the plots, using 

percent cover classes of Table 1. The shaded zones here and in subsequent figures (d,e,f) 
indicate where deer appear to have concentrated travel across the field, with accumulated 
influence from foraging. These zones are interpretations based on the vegetation patterns in 
these figures (especially e and h) plus general observations of deer in the field. 
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central pathway of deer concentrated influence 0 stems

1 2 or 3 4 to 6

7 to 10 11 to 20 21 to 52
 

Figure 2e. Stems per plot [100 m
2
] of woody plants that are <1 m tall, excluding 

‘subshrubs’ (Rubus, Symphoricarpos) and ground-covering vines (Campsis, 

Toxicodendron). 
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central pathway of deer concentrated influence 0 stems

1 2 or3 4 to 6

7 to 10 11 to 20 21 to 50

 
Figure 2f. Stems per plot of woody plants that are at least 1 m tall, excluding ‘subshrubs’ 

(Rubus, Symphoricarpos) and ground covering vines (Campsis, Toxicodendron).  
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central pathway of deer concentrated influence plot centers

browsing signs on blue ash other browsing signs

 
Figure 2g. Direct signs of recent browsing on blue ash and other plants in surveyed plots 

during September 2007. In most cases, only one obvious sign was noted within each plot, but 
in a few cases there were two or three. Note that signs within the “central pathway” were 
limited to blue ash. Also, signs to the lower right may indicate a continued expansion of 
influence by deer in this direction. 
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zero stems <1 m tall of either group zero browsing-associated <1 m tall
1-24% browsing-associated <1 m tall 25-39% browsing-associated <1 m tall
40-100% browsing-associated <1 m tall browsing-sensitive trees predominant
approximate balance of trees browsing-associated trees predominant
relatively distinct fence-crossings of deer [lower left fence had more diffuse crossings]

 
 
Figure 2h. Concentrations of browsing-associated trees and shrubs <1 m tall within the 

field (circles), plus concentrations of browsing-associated trees at least 10 cm dbh along 

adjacent fencerows and woodland edges (squares). Red-versus-blue indicates concentration 
of browsing-associated species versus browsing-sensitive (or neutral) species. [These data 
include the most abundant species, white ash and multiflora rose, which are excluded from 
Figure 5e in order to reveal trends there among less abundant species.] 
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zero stems at least 1 m of either group zero browsing-associated at least 1 m
1-39% browsing-associated at least 1 m 40-74% browsing-associated at least 1 m
75-99% browsing-associated at least 1 m 100% browsing-associated at least 1 m
browsing-sensitive trees prevalent at edge approximate balance of trees at edge
browsing-associated trees prevalent at edge relatively distinct fence-crossings of deer

 
 
Figure 2i. Concentrations of browsing-associated trees and shrubs ≥1 m tall within the 

field (circles), plus concentrations of browsing-associated trees at least 10 cm dbh along 

adjacent fencerows and woodland edges (squares). Red-versus-blue indicates concentration 
of browsing-associated species versus browsing-sensitive (or neutral) species. [These data 
include the most abundant species, white ash and multiflora rose, which are excluded from 
Figure 6f in order to reveals trends there among less abundant species.] 
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Figure 3 [subsequent pages]. Densities of trees and shrubs in three zones of the field.  

See Figure 2 for mapping of these three zones. See Table 4 for common names of species.  
Blue charts indicate the “browsing-sensitive group” (including any “browsing-neutral” for 
provisional simplicity); orange charts indicate the “browsing-associated” group. 
 
The three zones are abbreviated as follows. 
OUTS: outside concentrated influence and pathway of deer (mostly in northern section). 
MARG: concentrated influence of deer marginal to central pathway. 
PATH: central pathway used by deer across the field (from west to east). 
 
The combined “other species” are all classified here provisionally as “browsing-associated”: 
Carya cordiformis, Elaeagnus umbellata, Gleditsia triacanthos, Gymnocladus dioicus, Juglans 

nigra, Pyrus calleryana, Robinia pseudoacacia and Sambucus canadensis. The few stems of 
“browsing-sensitive” Morus spp., are excluded (all ≥1 m; OUTS = 2; MARG = 3; PATH = 0). 
 
Chi-squared tests were used to compare observed distributions of stems with expected uniform 
distribution. In Rosa multiflora, stems spread clonally and are highly clumped, so the estimated 
numbers of multi-stemmed individuals were used for tests not the total numbers of stems. 
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Fraxinus americana at least 1 m

n = 316; P < 0.0001
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Acer saccharinum at least 1 m
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Acer saccharinum < 1 m
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Lonicera maackii at least 1 m
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Acer negundo at least 1 m
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Rosa multiflora at least 1 m
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Prunus serotina at least 1 m
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Malus baccata at least 1 m
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Crataegus species at least 1 m
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Crataegus mollis < 1 m
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Other species at least 1 m

n = 33; P < 0.001

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

OUTS MARG PATH

Indicated Zonation

N
u

m
b

e
r 

p
e

r 
p

lo
t

All browsing-sensitive species

 at least 1 m: n = 390; P < 0.0001

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

OUTS MARG PATH

Indicated Zonation

N
u

m
b

e
r 

p
e

r 
p

lo
t

 

All browsing-associated species

 at least 1 m: n = 719; P < 0.0001

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

OUTS MARG PATH

Indicated Zonation

N
u

m
b

e
r 

p
e

r 
p

lo
t

 

 

Other species < 1 m

n = 14; P = 0.1

0.00

0.02

0.04

0.06

0.08

0.10

0.12

OUTS MARG PATH

Indicated Zonation

N
u

m
b

e
r 

p
e

r 
p

lo
t

All browsing-sensitive species 

< 1 m: n = 1575; P < 0.0001

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

OUTS MARG PATH

Indicated Zonation

N
u

m
b

e
r 

p
e

r 
p

lo
t

 

All browsing-associated species 

< 1 m: n = 107; P < 0.0001

0.00

0.20

0.40

0.60

0.80

1.00

OUTS MARG PATH

Indicated Zonation

N
u

m
b

e
r 

p
e

r 
p

lo
t

 



 47 

 

Table 5 [right]. Percent composition of trees 

in adjacent fencerows and woods. See Table 4 
for common names, and references to support 
division into the two groups. Asterisks indicate 
species not strictly native to this site. 
 

NOR: composition of trees at least 10 cm dbh 
within 10 m around northern section of the field, 
where browsing-sensitive trees tend to 
predominate (south to include the fencerow 
adjacent to plots S1-7 and N10-6; Figure 2i). 
SOU: composition of trees at least 10 cm dbh 
within 10 m around southern section of the field, 
where browsing-associated trees tend to 
predominant (north to include the fencerow 
adjacent to plots S1-08 and N10-5; Figure 2i). 
OLD: composition of trees at least 50 cm dbh 
within the whole northern block of old-growth  
at Griffith Woods adjacent to Collection Field, 
covering about 25 acres [10 ha]; trees were 
surveyed here in 2004-2005 by A. Berry (2007). 
 

Shading indicates where each species is most 
abundant; darker shading indicates that the 
amount is at least 4 percentage points more than 
in the other habitats. 
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RESULTS 

 

Little Relationship between Dominant Plants and Topography 

 
 There was little overall trend across the field in composition of the most common grasses 
(Festuca arundinacea, Poa pratensis) and forbs (Solidago altissima, Symphyotricum pilosum). 
The pattern among these species (Figure 2a,b) showed no general relationship to elevation or 
aspect (Figure 1b,c). Only one of these species was associated with topography: Symphyo-

trichum pilosum was most common on lower ground (P <0.01 with Spearman’s rank 
correlation). Based on known indicator species (e.g., Hill et al. 1999), there was no clear 
evidence of a soil-related gradient within the vegetation, but a detailed soil survey in this field 
has yet to be made and some provisional analysis will be pursued in Part II. The only soil series 
mapped here in the Harrison County soil survey (Odor et al. 1968) is a typic argiudoll, 
“Loradale silt loam”, with two phases: 2-6% slopes and 6-12% slopes. [This series is generally 
derived from ancient alluvium or residuum of limestone and calcareous shale; on the uplands at 
this site, it may intergrade with the typic hapludalf, “Lowell silt loam”, especially where the 
original mollic A horizons have been reduced by farming; slightly steeper slopes just below the 
field have the typic hapludalf, “Faywood silt loam”.] 
 

There are a few spatial trends among the locally abundant species. These remain largely 
unexplained, but perhaps related to local variation in soils or to past management. 
 

1. There was some diagonal tendency (south to north) for three zones of bluegrass-dominance, 
in addition to a general concentration in the southern part of the field (lower left of Figure 2b). 
The balance within bluegrass-fescue mixtures has been much studied, but it remains somewhat 
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unpredictable (e.g., Cutulle et al. 2013); fescue tends to indicate less mesic conditions in full 
sun, often on more compacted base-rich soils with more seasonal fluctuations in moisture level 
(Hill et al. 1999; and pers. obs.). It is possible that old farm roads led out to the northern corner 
within this field (towards local markets at Cynthiana), leaving some influence on soils. 
 

2. The local abundance of old field aster (Symphyotrichum pilosum) in the two row sections at 
lower left might be largely attributed to an anomaly in recent management. Initial planting of 
trees in the field involved more aggressive weed control in these two rows (S-9 and S-10), with 
black plastic sheets and some herbicide during 2003-2004. This weedy aster is well known to 
benefit from temporary reduction in grass cover (e.g., Chmielewski & Semple 2001). 
 

3. The bimodal distribution of trumpet-creeper (Campsis radicans) is curious (Figure 2c), 
perhaps indicating in part the locations of older fencerows or woodland margins. This species is 
well known to be concentrated along fencerows. It is moderately browsed by deer (e.g., 
Castleberry et al. 1999), but reportedly allergenic to some humans (e.g., Yatskievytch 2006). 
 
Browsing-associated Forbs, Subshrubs and Vines.  

 
The most frequent species in the browsing-associated group included poison hemlock 

(Conium maculatum), wild carrot (Daucus carota), tick-trefoil (Desmodium perplexum), wild 
parsnip (Pastinaca sativa), horse-nettle (Solanum carolinense) and ironweed (Vernonia 

gigantea), plus patches of the subshrubs, old field blackberry (Rubus pensilvanicus ) and 
coralberry (Symphoricarpos orbiculatus). Only two of these (Conium, Rubus) were locally 
abundant in the field, exceeding 10% cover in a few plots. In contrast, the browsing-neutral or 
sensitive group included 6 of the 8 locally abundant species within the field (Figure 2a). The 
total cover of browsing-associated species increased away from the road in much of the field, 
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but there was also a concentration in the southwestern half of the field (to left in Figure 2d). 
The first row, close to the highway, was somewhat anomalous due to local dominance of 
poison-hemlock (Conium maculatum) in the north and locally frequent wild parsnip (Pastinaca 

sativa) in the south. Graphical display of the total cover indicates a general minimum within 
central rows (Figure 4), and some details of Figure 2 suggest a bimodal pattern from northern 
to southern corners. 

 
  In comparing the biology of these two groups (Table 3: a versus b), the browsing-
associated group includes all species that have spines on leaves or stems (8 of 25 versus 0 of 
26). It also includes most species with reported mammalian toxicity or highly repellant 
chemistry (10 versus 6), although this classification remains tentative. Most (17/25) of these 
browsing-associated species have one or both (Solanum carolinense) of these traits. This group 
also includes most annuals and biennials (10 versus 2), and all three subshrubs but not the two 
woody vines. It includes the two species with clear adaptation to dispersal in mammalian fur, 
and the three species with showy fruits that are probably dispersed often in mammalian guts. 
Several additional species appear to have occasional or frequent dispersal on fur or in guts but 
without clear specialization; see literature cited for Table 3. Under ‘reported deer-browsing 
degree’ the browsing-associated group includes 10 species with none or none-low, 9 with 
generally low, 5 species with moderate or variable usage, and only 1 with moderate-high or 
high (Trifolium pratense). The browsing-neutral or sensitive group includes 0 species with 
none or none-low, 7 with generally low, 11 with moderate or variable, and 8 with moderate-
high or high. 
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Browsing-associated Trees and Shrubs 
 
 

The total density of invading trees and shrubs declined generally away from the road in 
the northeastern part of the field (Figures 2d, 2e, 5a, 6a), and the proportion of browsing-
associated species generally increased. However, these trends were largely due to decline away 
from the road in density of the wind-dispersed white ash (Fraxinus americana), which is often 
preferred by deer (Figure 5b, 6b; Table 4). Moreover, the concentration of white ash 
regeneration near the front can be partly attributed to the concentration of seed-producing 
parents in the fencerow along the highway (Figures 2h-i, Table 5). Trees bordering the southern 
part of the field, where peripheral plots have “concentrated influence” of deer indicated in 
Figure 3, were dominated by browsing-associated species more frequently than trees around the 
northern part of the field: 14-7-11 (red-green-blue in Figure 2h-i) versus 5-5-19; P = 0.03 with 
Fisher’s exact test. White ash was the tree species most concentrated around the northern part 
of the field. [The zone of “concentrated influence” overlaps to the right of the shift in trees.] 

 
In contrast to white ash, with high preference by deer, the most common woody species 

with less preference is multiflora rose (Rosa multiflora), which tended to be concentrated in 
central rows (Figures 5c, 6c). However, stem numbers of multiflora rose displayed intense 
patchiness due to their clumping habit, and many older plants had dead or dying stems (Figure 
6d). A less common thorny species, black locust, also displayed intense patchiness in its 
density, due to clonal spread from a few fencerow trees. If white ash, multiflora rose and black 
locust were excluded, there was little consistent trend across the field in total woody densities 
(Figure 5d, 6e). However, there was still a general increase away from the road in the 
proportion of browsing-associated species, especially within the northeastern part of the field 
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(Figure 5e, 6f). This pattern appeared to reflect the general route of travel by deer across the 
field (Figure 2d-g).  

 
Division of the field into three zones based on the interpreted influence of deer allows the 

corresponding distributions of each woody species to be compared in more detail (Figure 3): 
the central pathway (PATH), the broad marginal zone with concentrated influence (MARG), 
and the zone outside concentrated influence (OUTS).  Browsing-associated species (dominated 
by Rosa multiflora) were generally most dense in MARG or slightly more dense in OUTS. In 
Crataegus mollis, density of seedlings (<1 m tall) was highest within PATH. Browsing-
sensitive or neutral species (dominated by Fraxinus americana) were generally most dense in 
OUTS and declined more strongly to MARG and then PATH. However, two of these species 
were most dense in MARG, at least as seedlings (Ulmus americana, Vitis vulpina), and 
seedlings of box-elder (Acer negundo) showed a clear increase from OUTS to MARG to 
PATH; see further discussion below. 

 
 The browsing-associated group of species includes almost all of those with mammalian 
toxicity or very low palatability (7 versus 1 coded X/x under “Traits”), and all species with 
thorns or spiny leaves (9 versus 0 coded T/t). Most of this group have either toxicity / 
unpalatability or thorns / spines (14/16 versus 1/9). It also includes all 10 species with largely 
mammal dispersed fruits (coded M and N) and none of the 4 species with wind-dispersed fruits 
(coded W). It includes all 13 species that are clearly intolerant of shade (coded I ), and almost 
all species with some ability to spread by lateral root suckers or rhizomes (8 versus 1 coded 
R/r).  
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 High potential growth rate is generally correlated with intolerance of shade (Valladares & 
Niinemets 2008), and the browsing-associated group generally had higher percentages of stems 
≥1 m tall (under “Sap” in Table 4). Total percentages ≥1 m tall were 87% (707 of 814) for the 
browsing-associated group, and 20% (390 of 1963) for the browsing-sensitive / neutral group; 
P <0.0001 with chi-square test. Most browsing-associated species ranged from 17% to 95%; 
most browsing-sensitive / neutral species ranged from 8% to 34% (excepting infrequent 
species). The browsing-associated group also had more observed occurrences within the 
mowed strips between surveyed rows, up to 5 m from each unmowed plot (under “Mow” in 
Table 4). These mowed stems were mostly resprouts after mowing, and they were probably 
underestimated. For browsing-associated species, the incidence of mowed stems expressed as a 
percentage of the total stems surveyed within the unmowed rows was 3.8% (31 of 817). For the 
remaining browsing-neutral or -sensitive group, the ratio was 0.8% (16 of 1963); P <0.0001 
with chi-square test. For individual species, numbers were generally too small for statistical 
comparisons, but most browsing-associated trees had percentages of 3-50%, while most of the 
remainder had percentages of 0-3% (with Ulmus americana the only exception). 
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S: quadratic regression:

R
2
 = 0.73; n = 10; P = 0.01

N: quadratic regression:

R
2
 = 0.51; n = 10; P = 0.08
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Figure 4. Mean of total cover score for browsing-associated forbs and subshrubs in each 

row section. Solid points are from northeastern (N) part of the field; open points are from 

the southwestern (S) part.
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solid circles are 

N part of field

open circles are 

S part of field

S: linear regression

R
2
 = 0.72; P = 0.002

N: quadratic regression

R
2
 = 0.84; P = 0.002
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Figure 5a. Number per plot of all woody stems <1 m tall in each row section, separating 

northeastern (N) and southwestern (S) parts of the field. Numbers exclude ground-covering 
vines, subshrubs and clearly connected sprouts from taller individuals (especially Rosa).



 56 

solid circles are 

N part of field

open circles are 

S part of field

N: quadratic regression

R
2
 = 0.84; n = 10; P = 0.002

S: linear regression

R
2
 = 0.44; n = 10; P = 0.04
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Figure 5b.  Number per plot of white ash stems <1 m tall; all are single stems (not 

sprouts).
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quadratic regression:

R
2
 = 0.29; n = 20

P = 0.05

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1 2 3 4 5 6 7 8 9 10

Row Number

S
te

m
s

 p
e

r 
p

lo
t

 
Figure 5c.  Number of stems per plot of multiflora rose plants with all stems <1 m tall.
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S: 4-nomial regression 

R
2
 = 0.965; n = 10

P = 0.0008
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Figure 5d. Number per plot of all woody stems <1 m tall in each row section, as in Figure 

4a but excluding white ash and multiflora rose.
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quadratic regression

R
2
 = 0.47; n = 20; P = 0.005 
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Figure 5e. Proportion of browsing-associated species among woody plants <1 m tall, as in 

Figure 5a but excluding white ash and multiflora rose. Regression is for all points.
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N: quadratic regression

R
2
 = 0.74; n = 10

P = 0.008

S: linear regression

R
2
 = 0.21; n = 10

N.S. (P = 0.18)

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7 8 9 10

Row Number

S
te

m
s

 p
e

r 
p

lo
t

 

Figure 6a. Number per plot of all woody stems ≥1 m tall in each row section, separating 

northeastern (N) and southwestern (S) parts of the field. Numbers exclude ground-covering 
vines, subshrubs and clearly connected sprouts from taller individuals. 
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N: quadratic regression

R
2
 = 0.89; n = 10

P = 0.0005
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Figure 6b. Number per plot of white ash stems ≥1 m tall. All are single stems (not sprouts).
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Figure 6c. Number per plot of multiflora rose plants with at least one stem ≥1 m long. 
There are no significant trends. 
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quadratic regression

R
2
 = 0.32; n = 20

P = 0.04
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Figure 6d. Proportion of dead or sick stems of multiflora rose plants with a least one stem 

≥1 m long. “Sick” stems are weighted by half in the numbers. Note: there was also a 
significantly lower proportion within the “central pathway” of Figure 3 (0.32 versus 0.44).
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linear regression: R
2
 = 0.11; n = 20; P = 0.09
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Figure 6e. Number per plot of stems of woody plants ≥1 m tall, as in Figure 6a but 

excluding white ash, multiflora rose and black locust. [These three species have patches of 
intense local abundance.]



 65 

linear regression:

R
2
 = 0.25; n = 20

P = 0.03

if S-10 is excluded (see text):

R
2
 = 0.65; n = 19; P = 0.00003
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Figure 6f. Proportion of browsing-associated species among woody plants ≥1 m tall, as in 

Figure 5a, but excluding white ash, multiflora rose and black locust.  
The outlying point S-10 (back row in southwestern section of field) is based on an unusually 
small total (n = 2), but additional non-counted sprouts of rose (7) do outnumber ash (0).
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Direct Signs of Damage by Herbivores, and Correlations among Parameters 

 
 About 59 direct signs of recent damage by herbivores were noted in Sep 2007, including 
26 on the planted blue ash. Numbers were not sufficient for statistical comparison of plant 
species, but the most frequently noted species apart from the blue ash were white ash (9 cases) 
and bush honeysuckle (6 cases); other woody species included box-elder, sugar maple, 
roughleaf dogwood, red mulberry, Siberian crabapple and elderberry. None of these species are 
in the ‘browsing-associated’ group except the latter two (Table 4). Curiously, the few forbs 
with noted damage were among the ‘browsing-associated’ group: Desmodium perplexum and 
Physalis longifolia; despite some browsing, these two species may spread readily into browsed 
zones with seed or rhizomes. 
 
 The frequency of these signs increased away from the road but peaked in central to back 
zones across much of the field (Figures 7, 11b). These signs were concentrated along margins 
of the broad pathway for deer that was indicated by observations of vegetation composition 
(Figure 2g). This trend suggests that more palatable forage was relatively abundant along the 
margins, in contrast to the central pathway—which probably had a history of selection for 
plants that can resist or tolerate browsing. It is notable that the only signs of damage within the 
central zone of the indicated pathway were on the planted blue ashes (square symbols in Figure 
2g). To avoid confusion, data from these planted blue ashes were excluded from the 
correlations summarized in Table 6. With observations averaged for each of the 20 row 
sections, the frequency of signs per plot was loosely correlated with abundances of browsing-
associated plants, especially the proportion of these species among trees and shrubs <1 m tall 
(A with C in Table 6a).  
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 However, there appeared to be some non-linearity in relationships between the incidence 
of herbivory and varied vegetation parameters: (1) overall abundance of browsing-associated 
forbs and subshrubs (Figure 8a); (2) proportion of browsing-associated species among all trees 
and shrubs (Figure 8b); and (3) total density of all trees and shrubs (Figure 8c). For these 
charts, data from herbivory on blue ash were combined with general observations on the 
vegetation since numbers were small in some cases. The 199 plots were grouped into classes 
with increasing values of the vegetation parameters. With quadratic or trinomial regression, 
maximum frequency of herbivory appeared to be at intermediate parameters in all three 
relationships. These trends support the general concept that a dynamic balance exists between 
the incidence of herbivory and response of the vegetation.  
  
 Further complexity is indicated by correlations among varied woody densities among the 
199 plots (Table 6b). Using Spearman’s rank correlation, proportions of browsing-associated 
trees and shrubs were highly correlated between smaller plants (<1 m) and larger plants (≥1 m), 
as were total densities of smaller and larger plants. Yet while the proportion of browsing-
associated trees and shrubs ≥1 m tall (largely reflecting the ratio of rose to ash) was positively 
correlated with total density of plants ≥1 m tall (with more rose), it was negatively correlated 
with total density <1 m tall (with more ash); see D and E in Table 6b. It is possible that larger 
woody plants became concentrated in areas which later became more browsed, reducing 
density of smaller stems, especially white ash. As seen in Figure 8, recent signs of damage 
from herbivores tended to have non-linear relationships with proportions of browsing-
associated species, and with total woody densities. Thus, several rank correlations among all 
199 plots provided limited insight (A in Table 6b). 
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Figure 7. Signs of herbivory in relation to row section. These are direct observations of 
damage by herbivores from the vegetation survey, but excluding damage to the planted blue 
ash saplings; see Figure 11b for data from blue ash.
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Table 6a.  Spearman’s rank correlations (corrected rho) between potential indices of 

browsing in each of the rows. In all correlations, n = 20 for the 20 row sections. See Tables 3 
and 4 for lists of “browsing-associated” or presumed “tolerant” species used in the analysis. 
A: direct signs of herbivory on woody plants or forbs (excluding blue ash): number per plot. 
B: mean abundances of browsing-associated forbs and subshrubs (Table 3; scale of Table 1).. 
C: proportions of browsing-associated species among woody plants <1 m tall: mean per row. 
D: proportions of browsing-associated species among woody plants at least 1 m: mean per row. 
E: mean stem density per plot (100 m2) of woody plants <1 m tall; data are log-transformed. 
F: mean stem density per plot (100 m2) of woody plants ≥1 m tall; data are log-transformed. 
 

INDICATORS  
B: tolerant 

forbs 

C: tolerant 

woody <1m 

D: tolerant 

woody >1m 

E: total  

woodies <1 m  

F: total  

woodies  ≥1 m 

A: direct signs of 

herbivory 

0.38 

P = 0.08 

0.52 

P = 0.02 

0.39 

P = 0.08 

0.26 

N.S. 

0 0.03 

N.S. 

B: tolerant 

forbs/subshrubs 
X 

0.50 

P = 0.03 

0.15 

N.S. 

0.05 

N.S. 

0 0.11 

N.S. 

C: tolerant  

woody <1 m 
 X 

0.44 

P = 0.05 

0.12 

N.S. 

0 0.06 

N.S. 

D: tolerant 

woody >1m 
  X 

0.21 

N.S 

0.18 

N.S. 

E: total  woodies  

≥1 m 
   X 

0.56 

P = 0.01 
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Table 6b. Spearman’s rank correlations of tolerant forb and subshrub abundance with 

woody plant parameters. In all correlations, n = 199 for the 199 vegetation plots. In the 
proportions, plots with zero woody plants (17 plots for C and 28 for D) were assigned the mean 
for all remaining plots. Correlations are corrected for ties in all cases. But standard Spearman’s 
correlations are added in brackets if there are large differences, usually in cases with non-linear 
relationships (*). 
A: direct signs of herbivory on woody plants or forbs (excluding blue ash): number per plot. 
B: mean abundance of browsing-associated forbs and subshrubs (Table 3; scale of Table 1). 
C: proportion of browsing-associated species among woody plants <1 m tall (Table 4). 
D: proportion of browsing-associated species among woody plants at least m tall (Table 4).. 
E: mean stem density per plot (100 m2) of woody plants <1 m tall; data are log-transformed. 
F: mean stem density per plot (100 m2) of woody plants ≥1 m tall; data are log-transformed. 
 

INDICATORS  
B: tolerant forbs 

and subshrubs 

C: tolerant 

woodies <1 m 

D: tolerant 

woodies ≥1 m 

E: total  

woodies <1 m  

F: total  

woodies  ≥1 m 

A: direct signs of 

herbivory 

0.03 [+0.37] 

P < 0.0001* 

0 0.11 [+0.34] 

P < 0.0001* 

0 0.03 [+0.32] 

P < 0.0001* 

0.18 

P < 0.0001* 

0.10 

P < 0.0001* 

B: tolerant forbs 

and subshrubs 
X 

0.04 

N.S. 

0.04  

N.S. 

0  0.18 

P = 0.04 

0  0.07 

N.S. 

C: tolerant 

woodies <1 m  

 
X 

0.23 

P < 0.0001 

0  0.16 

N.S. 

0  0.12 

N.S. 

D: tolerant 

woodies ≥1 m  

  
X 

0  0.25 

P = 0.001 

0.21 

P = 0.001 

E: total density 

of woodies <1 m 

   
X 

0.36 

P < 0.0001 
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3-nomial regression:

R
2
 = 0.98; n = 7

P = 0.005
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Figure 8a. Signs of herbivory on all plants, as frequency per plot, in relation to total 

abundance of browsing-associated forbs and subshrubs. Total abundances within each of 
the 199 plots are scored using the quasi-logarithmic classes of Table 1. Signs of damage 
include blue ash, since numbers are small; open squares are data without blue ash.. 
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quadratic regression

R
2
 = 0.97; n = 8

P = 0.0002
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Figure 8b. Signs of herbivory on all plants, as frequencies per plot, in relation to the 

proportion of browsing-associated trees and shrubs (seedlings plus saplings, excluding 

ground-covering vines and subshrubs). The 199 plots are grouped into classes for sufficient 
numbers per class: 0, >0<0.1, 0.1<0.2, 0.2<0.4, 0.4<0.6, 0.6<0.8, 0.8<1 and 1. Signs of damage 
include data from blue ash, since numbers are small; open squares are data without blue ash. 
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3-nomial regression; n = 8
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Figure 8c. Signs of herbivory on all plants, as frequencies per plot, in relation to the total 

density of trees and shrubs. Densities for all 199 plots are calculated as log (1 + number per 
plot), then presented as means for classes: 0.1-0.3; 0.3-0.5; 0.5-0.7, etc. Signs of herbivory 
include data from blue ash, since numbers are small; open squares are data without blue ash. 
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Survival and Growth of Plantings: Maples and Dogwoods 
 

 For both sugar maple (Acer saccharum sensu lato) and roughleaf dogwoood (100 Cornus 

drummondii), survival percentage and mean height after three growing seasons were lower, by 
about half, in at least one of the rows in the back half of the field, away from the road (Figure 
9). However, surviving dogwoods in the back row (10) did achieve similar height to those near 
the front. The general decline away from the road was attributable to herbivores, although few 
direct observations were made. In most cases, there was no sign of dead plants; it is possible 
that voles and rabbits were more important than deer. 
 
 Among all 40 vegetation plots where these plantings occurred, variation in their overall 
success was indicated by their geometric mean height, with dead individuals counted as zeros 
(Table 7). For maple, with 69% dead, this index had a marginally significant positive 
correlation (P = 0.06) with density of all woody plants ≥1 m tall. For dogwood, with 41% dead, 
this index was not significantly correlated with the vegetation parameters, although there were 
weak non-significant negative correlations with proportions of browsing-associated species in 
all three cases. 
=================================================================== 
Figure 9a,b,c,d [next page]. Three years after planting, survival percentage (± half of 95% 

confidence limits) and height of survivors (geometric mean in meters ± standard error) 

among sugar maples and roughleaf dogwoods in their row sections. Solid points (circles 
and squares) are from the NE part of the field; open points are from the SW part. Numbers on 
charts (n) are starting totals of in survival charts (a and c), and surviving totals in height charts 
(b and d). Squares indicate significant differences from circles, using chi-square tests for 
differences in percentage mortality, and using ANOVA for differences in log-height. 
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Figure 9 [see detailed caption above]. 

a: upper left, sugar maple survival.    b: upper right, sugar maple height.. 
c: lower left, roughleaf dogwood survival.  d: lower right, roughleaf dogwood height. 
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Table 7. Spearman’s rank correlations between mean size of planted sugar maple or 

roughleaf dogwood seedlings and vegetation parameters. In all correlations, n = 40 for the 
40 vegetation plots within which plantings occurred. Parameters for maple and dogwood are 
the geometric means of height for all planted individuals in each plot, with dead individuals 
counted as zero. In proportions, the few plots with zero woody plants were assigned the mean 
for all remaining plots. Correlations are corrected for ties in all cases.  
A: abundance of browsing-associated forbs and subshrubs (Table 3a) 
B: proportion of browsing-associated woody plants <1 m tall (Table 4a). 
C: proportion of browsing-associated woody plants ≥ 1 m tall (Table 4a). 
D: total density per plot (100 m2) of woody plants <1 m tall; data are log-transformed. 
E: total density per plot (100 m2) of woody plants <1 m tall; data are log-transformed. 
 

PLANTED  

SPECIES  

A: abundance 

of tolerant 

forbs/subshrubs 

B: proportion 

of tolerant 

woodies < 1 m 

C: proportion 

of tolerant 

woodies ≥ 1 m 

D: total density  

of woodies  

< 1 m tall 

E: total density  

of  woodies  

≥ 1 m tall 

Maple 

 

0.156 

N.S. 

 

0 0.164  

N.S. 

0 0.081  

N.S. 

 

0.126 

N.S.  

 

 

0.298 

P = 0.06 

 

Dogwood 

 

0 0.246 

N.S. 

 

0 0.293  

N.S. 

0 0.261  

N.S. 

 

0  0.003 

N.S.  

 

 

0  0.105 

N.S. 

 

 



 77 

Survival and Growth of Plantings: Blue Ash 
 

After 4 growing seasons (3.5 years), the 167 planted saplings of blue ash had experienced 
20% mortality overall. Lower mortality and taller survivors were concentrated in some zones of 
the field (as shown by blue versus orange in Figure 10), but there was little relationship 
between survival and distance from the road (Figure 11a). Extension growth rates of leading 
shoots tended to be higher in the more successful zones, but the trend was not significant 
(Table 8). Growth rates did decline away from the road, but the trend was less significant if 
damaged plants were excluded (Figure 11d).  

 
Signs of recent herbivory in 2007, or associated fresh damage such as antler-rubbing, 

occurred in 19% of the 134 survivors, sometimes with large increases in extension growth of 
leading shoots or branches. Most of the damage to blue ash could be attributed to deer, 
although chewing of basal bark probably by voles was noted in three of the 134 survivors. 
From field notes, it appeared that most breakage from rubbing of antlers occurred at 0.3-1 m 
above ground, but browsing was often higher. There was a weak tendency for less survival of 
plants with intermediate initial heights of 1-1.5 m (Figure 13). Among plants with partial or 
complete resprouting of leaders, indicating damage during 2004-7, 46% (16/35) exhibited signs 
of recent herbivory or associated damage during 2007. Among plants without partial or 
complete resprouting, only 11% (11/99) exhibited such signs (P = 0.0001 with Fisher’s exact 
test of difference). The cause of resprouting appeared to be mostly browsing or breakage of 
stems, possibly due to earlier antler-rubbing in some cases.  

 
Curiously, the overall percentage of plants with signs of herbivory or replacement of 

leading shoots was almost identical in the two zones with high versus low mortality (Table 8). 
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However, there was a significant increase in signs of recent herbivory away from the road 
within the NE part of the field (Figure 11b), and a weak increase in leader replacement away 
from the road in the SW part (Figure 11c). Moreover, among the 12 row sections with blue ash 
plantings, there was a high correlation between the percentage of plants with complete or 
partial leader replacement (indicating damage in 2004-7) and the percentage of recent damage 
from herbivores observed in 2007 (Table 9). However, there were no significant correlations 
between either of these percentages and blue ash mortality, or between any of these three 
parameters and the frequency of herbivory that was recorded on other species in the vegetation 
(Table 9). There were almost no significant correlations between these same parameters of blue 
ash (mortality, signs of herbivory, resprouting of leaders) and parameters of the vegetation. 
There were weak negative correlations between both mortality or signs of herbivory on blue 
ash and the total density of woody plants ≥1 m tall (minus ground-covering vines and 
subshrubs; column E in Table 10a). There were also relatively high—but non-significant—
positive correlations between both mortality or signs of herbivory and the abundance of 
browsing-associated forbs and subshrubs (column A in Table 10a).  

 
Among the 199 individual plots as well, there were generally small but significant positive 

correlations between these same parameters of blue ash and indices of browsing-associated 
species in the vegetation, and there were negative correlations with total woody density (Table 
10b). However, frequencies of blue ash per plot were generally insufficient for meaningful 
correlation coefficients and non-linear relationships also appeared to be involved. For a broader 
summary of what appeared to be the most significant relationship, plots were grouped into 
classes based on the logarithmic abundance classes of browsing-associated forbs and subshrubs 
as the x-axis (as in Figure 9a). There was a significant quadratic regression for y = [percent of 
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blue ash with herbivore damage or resprouted leaders] (Figure 12). However, there was no 
significant regression for y = mortality. 

 
A scatter plot of annual extension growth versus final height for all surviving blue ash 

saplings shows much higher growth rates in plants with damaged or resprouted leaders (Figure 
14). Moreover, there is a much stronger relationship of growth to height among plants with 
replaced leaders, compared to plants without even partial sprouting: in regressions, R2 = 0.75 
versus 0.03. And there was a particularly strong correlation between growth / height ratio, 
when divided into 10 classes, and the percentage of plants with partial or complete leader 
replacement (classes b or c noted in methods): R2 = 0.89, n = 10, P = 0.00004 (details not 
displayed here). The correlation of growth / height ratio with complete leader replacement was 
less strong (R2 = 0.74, n = 10, P = 0.01), as was that with recent damage from herbivory 
observed in 2007 (R2 = 0.76, n = 10, P = 0.001).  

 
Unfortunately, initial height of each blue ash sapling was not recorded, but these heights 

were estimated by subtraction of 4 × [annual extension growth of undamaged shoots in 2006-7] 
for each sapling. With these estimates (results not detailed here), there was still a much stronger 
relationship of growth to initial height among plants with replaced leaders, compared to plants 
without even partial sprouting (as in Figure 14). There were significant differences in initial 
estimated height among the four provenance-groups of planted blue ash (Table 11). However, 
differences in annual extension growth were less pronounced, and there were no significant 
differences if growth was expressed as the ratio to initial height, or if browsed or damaged 
plants were excluded. Plants from the “Alexander” provenance grew and survived more, 
probably due to having been raised in native soil; the other plants had been grown in pots. 
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Zone A Zone B dead/missing 0.5-0.9 m 1.0-1.4 m 1.5-1.9 m 2.0-2.5 m
 

Figure 10. Map showing variation in height of blue ash saplings (dots of increasing size) 

and apparent concentrations of mortality (colored zones), from data collected in Sep 2007 

after four growing seasons.  Blue-versus-orange shows lower mortality and taller survivors. 
====================================================================  
Table 8. Differences in the the fate of blue ash between the two zones of Figure 10. 

Zones of 

Figure 10 

total 

trees 
died 

geometric mean 

height: m ± S.E. 

growth: 

cm 
a
 

growth/height: 

cm/m 
b
 

browsed, damaged 

or resprouted 

A blue 76 1.3% 1.64 [1.60-1.69] 12.25 7.48 34.2% 

B orange 89 37.1% 1.35 [1.30-1.42] 8.51 6.12 34.8% 
a 
Differences in growth rate are expected but not significant (P = 0.14 with ANOVA of log-data). 

b 
Differences in growth/height are expected but not significant (P = 0.11 with ANOVA of log-data). 
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Figure 11 [next page]. Trends in blue ash survival, browsing or other damage, and growth 

rate, averaged for each row section. 

 
a. Percent survival of planted blue ash saplings in each row section. Solid points are from 
northeastern part of field, open points are from southwestern part. Linear regression, with weak 
significance, is shown only for open points. Among solid points, squares differ from circles 
with weak significance, at P = ca. 0.1. 
 
b. Percent of planted blue ash saplings in each row section with recent (2006-7) browsing of 
shoots, breakage of stems, damage from rubbing, or chewing of bark. Linear regression is 
significant only for points from the northeastern part of field (solid points). 
 
c. Percent of planted blue ash saplings in each row section with replacement of leading shoots 
by laterals (largely due to browsing or other damage in 2004-6). Linear regression, with weak 
significance, is shown only for southwestern part of the field (open points). 
 
d. Geometric mean annual extension growth (cm on y axis) of planted blue ash saplings within 
each row section. Linear regression is shown for all points. Slightly less significant regressions 
(not show here) were found for y = growth / initial height (P = 0.04); or y = growth but 
excluding plants with damage or resprouting of leaders (P = 0.08); or y = growth / initial height 
but excluding plants with damage or resprouting of leaders (P = 0.06).
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Linear regression for S points:

R
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Linear regression for S points:

R
2
 = 0.57; n = 6; P = 0.08
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Figure 11: see caption above. 

a: upper left, percent survival.   b: upper right, percent browsed/broke/rubbed/chewed. 
c: lower left, percent leader replaced. d: lower right, geometric mean growth rate.
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Table 9. Spearman’s rank correlation coefficients (corrected for ties) among blue ash 

mortality, resprouting and signs of herbivory across the 12 row sections with Feb-Mar 

2004 plantings. 

A: mortality of blue ash as percentage of dead in each row section. 
B: percentage of surviving blue ash with replacement of leading shoots or other major 
resprouting of branches in each row section (largely due to damage in 2004-2006). 
C: direct signs of fresh herbivory, recent breakage, rubbing or chewing of bark in Sep 2007, as 
percentage of blue ash with these signs for each row section. 
D: other direct signs of herbivory on the surrounding vegetation that were observed during the 
vegetation survey, as number of observations per plot for each row section. 
 

BLUE ASH 

PARAMETERS  

 

B: resprouting of 

leaders or major 

branches 

 

C: direct signs  

of herbivory or  

related damage 

 

 

D: other direct signs of 

herbivory in the 

surrounding vegetation 

  

A: mortality  
0.16 

N.S. 

0.03 

N.S. 

0 0.002 

N.S. 

B: resprouting  X 
0.82 

P = 0.007 

0 0.20 

N.S. 

C: signs of herbivory  X 
0 0.13 

N.S. 
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Table 10a. Spearman’s rank correlations (corrected for ties) for blue ash parameters 

versus vegetation parameters for the 12 whole row sections with Feb-Mar 2004 plantings.  

Mortality is the percentage of trees that were dead by Sep 2007. “Resprouting” is the 
percentage of survivors with replaced leading shoots or other major resprouting of branches 
due to damage in 2004-7. “Direct signs”of herbivory are the percentages of survivors with clear 
browsing, fresh breakage or chewing of bark in 2007.  
A: abundance of “tolerant” (browsing-associated) forbs and subshrubs (Table 3a) 
B: proportion of browsing-associated woody plants <1 m tall (Table 4a). 
C: proportion of browsing-associated woody plants at least m tall (Table 4a). 
D: total density per plot (100 m2) of woody plants <1 m tall; data are log-transformed. 
E: total density per plot (100 m2) of woody plants <1 m tall; data are log-transformed. 
 

INDICATORS  
A: tolerant 

forbs/subshrubs 

B: tolerant 

woodies <1m 

C: tolerant 

woodies >1m 

D: total  

woodies <1 m  

E: total  

woodies  ≥1 m 

Direct signs of 

herbivory 

0.42 

N.S. 

0.16 

N.S. 

0.14 

N.S. 

0 0.33 

N.S. 

0 0.53 

P = 0.08 

Resprouting of 

blue ash 

0.40 

N.S. 

0 0.02 

N.S. 

0.04 

N.S. 

0 0.13 

N.S. 

0 0.21 

N.S. 

Mortality of  

blue ash 

0.29 

N.S. 

0.10 

N.S. 

0.36 

N.S. 

0 0.05 

N.S. 

0.21 

N.S. 
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Table 10b. Spearman’s rank correlations (corrected for ties) for blue ash parameters 

versus vegetation parameters, as in Table 10a but for all 199 individual vegetation plots. 
Standard uncorrected correlations are provided in brackets where differences are large. 
Although some of these initial results provide significant correlations, coefficients are small 
and some trends appear to be non-linear (*). Numbers per plot are too small in most cases for 
good analysis but see Figure 12. 
 

INDICATORS  
A: tolerant 

forbs/subshrubs 

B: tolerant 

woodies <1 m 

C: tolerant 

woodies ≥1 m 

D: total  

woodies <1 m  

E: total  

woodies  ≥1 m 

Direct signs of 

blue ash herbivory 

0.19 

P < 0.0001 

0.006 

P = 0.0004* 

0.08 

P = 0.0002* 

0  0.03 

P = 0.007* 

0  0.06[+0.23] 

P = 0.01* 

Resprouting of 

blue ash 

0.11 

P = 0.0006 

0.04 

P = 0.001* 

0 0.03 [+0.19] 

P = 0.04* 

0 0.05[+0.19] 

P = 0.07* 

0 0.06[+0.16] 

P = 0.09* 

Mortality of  

blue ash 

0.001 

P = 0.01 

0.07 

P = 0.0006* 

0.11 

P = 0.001* 

0 0.12[+0.11] 

N.S. 

0 0.13[+0.10] 

N.S. 
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Damage: quadratic regression

R
2
 = 0.84; n = 7; P = 0.03

Mortality: no significant trend 
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Figure 12. Percent damaged (browsed or resprouted) and mortality of planted blue ash 

saplings in relation to total abundance of browsing-associated forbs and subshrubs.  

[Data overlap with Figure 8a, which includes herbivory on blue ash and on other species.] 
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DISCUSSION 

 
Consistency of Results with the ‘Herbivore Hypothesis’ 

 
 This study is not a general test of the hypothesis (Campbell 2012)—which would require 
more long-term research, including rigorous experimentation. But it is consistent, and it 
suggests how investigation might proceed at Griffith Woods. Herbivory, especially from deer, 
appears to be a major ecological factor controlling the development of vegetation in this old 
field. Such influence accords with experimental work elsewhere in some grasslands (e.g., 
Anderson et al. 2007) and old fields (e.g., DiTommasso et al. 2014). Based on general 
knowledge and review of literature, a group of forb and subshrub species at this site (Table 3), 
and a group of trees and shrub species (Table 4), are used here as ‘browsing-associated’ 
indicators. There are no clear relationships of topography to overall species composition, in 
terms of shifts in dominant species. Instead, patterns in ‘browsing-associated’ species plus 
observations of damage from herbivory suggest that influence from deer has been concentrated 
along a broad diagonal pathway across the field (Figures 2 to 7). This path has probably been 
travelled for many decades, with a concentrated zone of highway-crossing near the western 
corner of the field plus zones of concentrated browsing towards the back where animals are 
more sheltered from the road and closer to the ancient woodland. 
 
 It is likely that dispersal from local seed sources has enhanced the concentrations of 
browsing-associated versus -sensitive species within this field. Among tree species at least, 
there are concentrations of browsing-associated species within the surrounding fencerows and 
woodland edges (Figure 2h-i). As noted above, there is more frequent dominance of browsing-
associated trees adjacent to peripheral plots within the southern zone that appears to have 
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“concentrated influence” by deer (Figure 2d-g). It is possible that northern sectors of the field 
have had less influence by larger mammalian herbivores since this old farm was developed out 
of the wilderness during 1780-1830.   
 
 Although deer appear to have obvious spatial effects on the vegetation in this field, 
smaller mammals may also have significant local effects, based on more detailed research in 
old fields elsewhere in eastern North America (e.g., Gill & Marks 1991, Ostfeld et al. 1997, 
Manson et al. 2001, DeJaco 2006). Mice (especially Peromyscus leucopus and P. maniculatus) 
and voles (especially Microtus pennsylvanicus and M. ochrogaster) can consume large 
numbers of tree seeds and small seedlings, respectively; white ash is a preferred species for 
voles. Voles tend to be most abundant in grassland rather than shrubby transitions, with M. 
ochrogaster concentrated on drier ground in the central Bluegrass region (Delfino 1993, 
Schwer 2011; J. Krupa, pers. comm.). Where large herbivores maintain relatively open grassy 
paths, it is possible that voles enhance the overall damage to woody plants. Such interaction 
remains speculative, but it seems likely that large herbivores in general do increase effects of 
rodents on woody vegetation (e.g., Matlack et al. 2001, Zhang et al. 2009). Moreover, meadow 
voles alone can greatly influence the composition of grasses and forbs within grassland (Hower 
& Lane 2004, Howe et al. 2006, Fraser & Madson 2006, MacDougall & Wilson 2007). Rabbits 
can also play a significant role in grassland and old fields, although their effects have been 
studied much more in Europe than in eastern North America (e.g., Diaz 2000, Delibes-Mateos 
et al. 2006). In a New Jersey old field, Myster & Pickett (1992) did report that rabbits were the 
“major seedling predator”—with a somewhat different ranking of preferences than summarized 
here for deer (Table 4; see also, Myster & McCarthy 1989). 
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 Probable damage from voles and rabbits was noted occasionally during survey of the 
vegetation in the Collection Field, but there was no effort to search for signs below 1 m in 
height except on the planted blue ash (see Methods). It is possible that such mammals have 
relatively high influence close to the highway, where more eutrophic conditions probably 
prevail (e.g., Truscott et al. 2005), and where escape from predators may be easier in the 
fencerow. Possibly, such ecological conditions close to the road have enhanced local 
abundance of poison hemlock (Conium maculatum)—which is among the most nitrophilous 
(Hill et al. 1999) and toxic species in this field (Figure 2a, 2c); see also Farrow (1917). Also, a 
few large patches of crown-vetch (Securigera varia) were located between this hemlock zone 
and the rest of the field; this species is often browsed by ruminants but avoided by rodents due 
to toxicity (Tu et al. 2003). Some features of the vegetation (e.g., Figure 2d) suggest a second 
minor pathway of influence by herbivores just beyond the powerline (Figure 1a) from the road 
across the northern sector. This pattern could be investigated with more multivariate analysis of 
the vegetation at this site, as well as survey of soil conditions and small mammals. 
 
 The ‘herbivore hypothesis’ revolves around the concept that animals will concentrate their 
effects in areas with the most accessible productive palatable vegetation, but that these areas 
then accumulate less palatable and more defended species, leading to shifts in patterns of 
herbivory. This study provides the following indications of shifting effects by deer—and 
perhaps other herbivores as well—due to exhaustion of palatable forage in some zones. 
 

1. Although there was a general increase in signs of damage with increasing abundance of 
browsing-associated forbs and subshrubs, some leveling-off in the increase at higher abundance 
is suggested by the trinomial regression (Figure 8a). Moreover, there was a highly significant 
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quadratic relationship of these signs to the proportion of browsing-associated trees and shrubs, 
with a maximum at ca. 0.4 (Figure 8b). 
 

 2. The indicated central pathway itself had little or no sign of recent herbivory or associated 
damage except on planted blue ash (Figure 2g). This suggests that deer tended to forage at 
some distance from this pathway for more efficient browsing on palatable plants in the existing 
non-planted vegetation. Moreover, signs of recent herbivory did extend northeast of the zone 
with more apparent influence in the vegetation (Figure 2g). 
 

 3. Signs of herbivory in the whole vegetation, and damage or resprouting of blue ash, both 
showed slight rises in frequency at the lowest abundances of browsing-associated forbs and 
subshrubs (Figures 8a, 12). Although more data are desirable, these features accord with (1) 
and (2). 
 
4. Recent signs of herbivory or associated damage to the planted blue ash in 2007 tended to 
increase away from the road in the NE part of the field, but not in the SW part. Partial or 
complete replacement of leaders, indicating damage as early as 2004, exhibited the opposite 
trend. This contrast may be explained by deer shifting their concentrated effects from the SW to 
the NE. 
 

5. The proportion of browsing-associated trees and shrubs ≥1 m tall was positively correlated 
with total density of plants ≥1 m tall, but it was negatively correlated with total density <1 m 
tall (Table 6b). Larger woody plants of both types may have become concentrated in areas that 
later became more browsed, reducing density of smaller stems, especially the potentially 
abundant and palatable white ash < 1 m tall. 
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6. There was a weak bimodal trend in signs of recent damage from herbivores (on y-axis) 
versus total density of woody stems (Figure 8c), which again suggests some complexity in the 
dynamic relationships. Deer may have shifted some of their browsing into vegetation with a 
low or moderately high density of woody stems. 
 
 Animal behavior is beyond the scope of this paper, but one remarkable study on white-
tailed deer is relevant here. In a controlled experiment using enclosures with mixed patches of 
different forage-depletion, Kohlmann & Risenhoover (1994) found that “feeding patch 
selection was markedly skewed toward heavily and lightly grazed environments, while 
moderately depleted patches were selected least. Deer responded to forage depletion by 
foraging less selectively, reducing movement rates, and increasing average bite size. During the 
last phase of the trial, biting rates on forbs declined but increased on woody browse in response 
to declining forage availability.” Their subsequent study (Kohlmann & Risenhoover 1997) 
compared behavior in artificial patches of poor versus rich forage, and they concluded: “We 
suggest that the deviation from the predictions of the ideal-free distribution were a necessary 
consequence of information gathering and processing from continued sampling of patches by 
deer.” In nature, several other factors might promote repeated use of the same sites: including 
topographic form, safety from predators, social interactions, cryptic nutritional features, and 
other physical or chemical features of the vegetation. Like all mammals, deer are ‘creatures of 
habit’ that will often tend to continue seeking or fleeing in the same manner. But occasional 
switching to alternative pathways can of course lead to benefits in some cases. 
 
 Within this field, it is suggested that deer for many decades have tended to concentrate 
travel between woodland along the southeastern border and the western corner, crossing the 
highway near that corner to and from woods further west. The central pathway may be partly 
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driven by topography, lying close to the 880-884 ft [268-269.5 m] contour just below sight 
from humans on the road (Figure 1b). But slight variations of this path over the years, with 
shifts in foraging behavior, have probably contributed dynamic and spatial complexity to the 
field’s vegetation and its borders. 
 
Suggested Differences between Plant Species in Responses to Herbivory 

 
 The attempt to identify ‘browsing-associated’ species of forb and subshrub here is 
provisional, and deeper analysis is needed. While there have been scattered publications that 
allow some approximate ranking of mammalian preferences for common plants of eastern 
North America (e.g., those listed for Table 3), there is little synthesis of relevant ecological or 
physiological information (e.g., Rodriguez-Iglesias & Kothmann 1998). There have been a few 
broad simple surveys of palatability to generalist invertebrate herbivores (e.g., Grime et al. 
1968, Burt-Smith et al. 2003). It would be fascinating to explore the extent to which such 
rankings are similar to mammalian preferences. 
 
 For woody plants (Table 4), it is important to explore further the suggested distinction of 
more browsing-associated trees (including species of Carya, Crataegus, Juniperus, Gleditsia, 
Gymnocladus, Juglans, Prunus, Quercus, Platanus and Robinia) versus generally browsing-
sensitive trees (including species in Acer, Celtis, Fraxinus, Morus and Ulmus). Numbers here 
are too small in some cases for statistical analysis of each species, but general knowledge of 
preferences by deer across eastern North America does broadly support the adopted 
classification (Table 4). Yet while the browsing-associated group of species generally have 
reported ‘low’ usage by deer—sometimes ‘none’ and sometimes ‘moderate’—the browsing-
sensitive group mostly have variable usage from ‘low’ to ‘high’ and almost none have 
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consistently ‘high’ ranking—perhaps only the alien Morus alba. Many environmental factors, 
including seasonal changes and edaphic effects, are known to influence the selection of plants 
by deer (e.g., Halls 1975, McCullough 1985, Nudds 1980, Tripler et al. 2002).  
 
 A deeper review and synthesis of data on preferences for tree species by mammals of 
eastern North America would be valuable, including larger animals that have disappeared from 
the wild. Bison—and several larger herbivores now extinct—are known to have been 
concentrated in the Bluegrass region during some post-glacial periods. Bones of bison dating 
from about 400-600 years ago indicate that these animals consumed more woody browse, and 
more C3 versus C4 plants, in this region conmpared to the Great Plains (Widga 2006). The few 
studies of browsing preferences or other effects of bison and (especially) cattle tend to accord 
with the classification adopted here (Day & DenUyl 1932, Biswell & Hoover 1945, Hopkins et 
al. 1972, Campbell et al. 1978, Dennis 1997, Coppedge & Shaw 1997, Coppedge et al. 1998, 
Lehmkuhler et al. 2008). However, highland cattle (Hedtcke et al. 2009), elk (Lupardus 2005, 
Schneider et al. 2006, Roberts et al. 2014) and red deer (Katona et al. 2013) appear to have 
broader preferences, sometimes including Elaeagnus, Juniperus, Robinia, Sambucus and other 
plants with relatively high protein content plus deterrent chemistry (tannins, terpenoids, 
saponins, alkaloids); such plants are generally not preferred by white-tailed deer (Table 4). The 
tannin-rich oak species (especially red oaks) in general also tend to be consumed by these 
larger animals with more preference, although some oaks occasionally have moderate to high 
reported use by white-tailed deer as well (as in literature cited for Table 4). 
 
 Smaller mammals can have quite distinct preferences than deer. It is remarkable, for 
example, that beaver consistently avoid boxelder, Acer negundo, and select bitternut hickory, 
Carya cordiformis (e.g., Nixon & Ely 1969, Barnes & Dibble 1988, Dieter & McCabe 1989; 
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and personal observations in Kentucky). The unusual success of A. negundo seedlings within 
more browsed parts of the field studied here remains inexplicable (Figure 3); voles can cause 
significant damage to saplings of this tree at woodland edges (J. Lempke, Univ. of Ky. 
Arboretum, pers. comm.). But even for deer, A. negundo does have widely reported preference; 
for example, Dahlberg & Guettinger (1956) showed unusually low usage in Wisconsin. It may 
be relevant that A. negundo has distinctive secondary chemistry and lepidopteran consumers, 
compared to other North American species in the genus Acer (Ricklefs 2008). 
 
 The woody species planted here (Acer saccharum sensu lato, Cornus drummondii, 
Fraxinus quadrangulata) can be added to the more sensitive group, based on their apparent 
decline from herbivory in some sections of the field, and based on further review of the 
literature. Although Acer saccharum is often considered less preferred by deer than A. rubrum 
and even Quercus alba in some northeastern states (Strohmayer & Warren 1997, Wakeland & 
Swihart 2009), the species can become intensively browsed, especially on fertile soils in shade 
(Russell et al. 2001, Tripler et al. 2002, Horsley et al. 2003, Long et al. 2007). Little published 
data are available for Cornus drummondii: Littlefield et al. (2011) indicated a low to moderate 
preference by deer for this species, which had an unusually low protein content and also low 
tannin content; but Gubanyi et al. (2008) found 90% less of this species in areas browsed by 
deer intensively for two decades.  
 
 The effects of deer on blue ash (Fraxinus quadrangulata) have been largely 
undocumented until now. Slater & Anderson (2014) recently noted low use and a small 
increase in seedling density with intense browsing. However, from personal observation, 
frequent browsing on blue ash is evident in the forests of central Kentucky, with about as much 
preference for this species as for white ash (F. americana). In the collection field, 19% of the 
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planted saplings showed signs of herbivory or associated damage during 2007; an additional 
14% had partial or complete replacement of leaders, perhaps largely due to damage during 
2004-2006; and an additional 20% had died or disappeared, probably due in part to herbivory 
or associated damage. Only about a half of the saplings survived in good condition. Moreover, 
it is remarkable that zero self-sown blue ash seedlings were discovered within the field, given 
that large trees dominate the 25 acres [10 ha] of old growth adjacent to the field on the 
southeast side (Table 5), where scattered saplings and patches of seedlings have been observed. 
This virtually complete absence of blue ash seedlings from open areas at Griffith Woods and 
elsewhere in the region is at least partly attributable to small mammals (Wallingford 2006). 
 

Need for Refinement of Distinctions in Responses to Herbivory 

 
 The classification of plant species here into two groups will need to be refined. 
Complexity of factors affecting herbivore preferences and their variation through space and 
time presents great problems for initial understanding of overall interactions with vegetation. In 
review of the literature, it is important to distinguish studies that focus on direct selection of 
different plants versus studies that focus on the results over time within particular areas—from 
controlled exclosures to uncontrolled patterns attributed to free-ranging animals. The latter 
deserve much more attention in eastern North America. As noted in the introduction, some 
studies of patterns in old fields or across woodland edges have produced results relevant to the 
potential effects of herbivory that are suggested at Griffith Woods. For example, Flory and 
Clay (2006) found that Lonicera maackii increased in forested sites sharply close to roads while 
Rosa multiflora showed no trend, and they suggested that herbivory was one of several 
potential causes; a similar distinction is indicated here (Figure 3). However, it is difficult to 
synthesize such results without a more refined analysis of interactions with herbivores. 
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 Lack of consistent relationships at intensively browsed sites between distributional 
patterns and preferences of mammalian herbivores (e.g., Table 4) may be partly attributed to 
additional processes, not just environmental or ecological ‘noise’. 
 

1. Patterns of seed dispersal, germination and establishment could enhance or obscure the 
effects of herbivory. For example, several of the ‘browsing-associated’ species indicated here 
(Fabaceae, Rosaceae) have fruits that may often be dispersed internally by larger mammals 
(Table 4a), which would be expected to deposit seeds along trails. In contrast, birds tend to 
concentrate droppings under perches, especially shrubs (e.g., McDonnell & Stiles 1983, 
McDonnell 1986), but seed predation can be faster under forbs or shrubs than in more open 
grassy areas, at least for more palatable trees (e.g., Gill & Marks 1991, Myster & Pickett 1993, 
Meiners 2007, Dutra et al. 2011). 
 

2. Some relatively palatable woody species exhibit ‘compensatory growth,’ resprouting more 
vigorously from stem bases and lateral buds after browsing (or burning), in some cases 
increasing overall growth rates and even increasing palatability. Among small herbaceous 
species, there are many examples of highly palatable species that have become generally 
browsing- or grazing-associated due to vigorous resprouting or clonal spreading, in some cases 
with dependence on regular disturbance: for example, several species of clover (Table 3a). 
Among trees, species of Celtis, Fraxinus and Ulmus may provide good examples of 
compensatory growth (e.g., Hopkins et al. 1972, George & Powell 1977, Morrisey et al. 2008), 
as also indicated here for F. quadrangulata. Such responses may explain some observed 
increases of these species within forest understories that have been browsed, especially if more 
unpalatable species are lacking (e.g., Rossell et al. 2005, Asani et al. 2006, Gubanyi et al. 
2008). In contrast, some unpalatable to toxic woody species such as thick-twigged trees like 
Gymnocladus dioicus have less ability for rapid resprouting of leafy shoots (e.g., Janzen 1976); 
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instead, several of these species tend to resprout from the ground, often with lateral runners 
(Table 4a). However, other trees that are relatively unpalatable but sometimes browsed can 
resprout vigorously from roots and damaged stems, as in most oaks (Quercus spp.). This 
spectrum of responses by different tree species needs more careful analysis. 
 

3. Interactions of disturbance, soil chemistry and secondary chemistry within plants could 
explain much of the variation in responses to herbivores. This is a complex subject that 
deserves broader review and application than possible here (Bryant et al. 1991, Herms & 
Mattson 1992, Milchunas & Lauenroth 1993, Augustine & McNaughton 1998)—“Even the 
sprouts from unpalatable plants such as hickory (Carya sp.) may be readily consumed after a 
fire” (Halls 1984). 
 
4. Differences in effects of varied mammalian herbivores, as noted in the previous section.  
 
5. Interaction of mammalian herbivory with invertebrate pests and pathogens. This is another 
complex subject that deserves more review than possible here (e.g., Epstein & Hill 1999, 
Bailey & Whitham 2005, Yamazaki 2010). 
 

Notes on Methods and Future Tests 

 
 This paper relies partly on an ‘indicator species’ approach, using abundances of 
‘browsing-associated’ species-groups as parameters in the analysis. Although general 
knowledge and literature review support the assignments of species to these groups (Tables 3 
and 4), this approach is open to charges of ‘circular reasoning’ since ‘general knowledge’ does 
include knowledge of this farm and this field. In a subsequent paper, patterns of species 
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distribution within this field will be analyzed using standard multivariate methods, for an 
objective test of the hypothesis that the major gradient in composition here is attributable to 
patterns of herbivory rather than topography and soil. 
  
 Another limitation of this paper is the superficial recording of damage from herbivores, 
which was conducted only as part of a general vegetation survey. These observations were not 
designed as an intensive study of deer browsing patterns, and there was little effort to search for 
clear signs of damage by rabbits and voles closer to the ground. Future work at Griffith Woods  
could adopt much more detailed methods for direct measurement of browsing by deer and other 
animals (e.g., Bergstrom & Guillet 2002, Dumont et al. 2005, Bilyeu et al. 2007, Crimmins et 
al. 2010). Indeed, Shaffer (2013) has already initiated observations of distinct damage from 
deer, rabbits and voles on planted trees in some other fields at Griffith Woods. 
 
 This study has shown the value of planted ‘phytometers’ for indicating spatial patterns of 
herbivory: setting out plants in transects or other systematic designs and then measuring how 
growth and survival varies across the site. Such research has sometimes been advocated for 
more rigorous measurement of influences from deer in eastern North America (e.g., Rooney & 
Waller 2002), but it has rarely been implemented (e.g., Zenker 2012, Waller & Maas 2013). 
With multiple replications into small plots, the approach has potential for special insight to how 
herbivory varies in space and time at fine scales (e.g., Scherber et al. 2006, Crain 2008). 
 
 The Collection Field at Griffith Woods—where this initial study has been conducted—
offers a microcosm for local conservation science, where fundamental questions can be 
explored in a preliminary manner on a relatively small scale. In addition to repeated survey of 
the vegetation and more detailed assessment of herbivory, in order to test the reality of trends 
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indicated by this paper, a truly experimental approach is needed. For example, with use of 
small exclosures (especially to control deer) or experimental browsing with amenable livestock 
(especially goats and sheep), one could examine directly how larger herbivores influence the 
vegetation. Experimental designs with sets of phytometers could compare groups of planted 
species with differences in palatability or other functional characteristics. And after small 
blocks are established with different planted composition (perhaps requiring exclosures), one 
could then observe ecological trajectories when different types of planted block are exposed to 
free-ranging herbivores. The rest of Griffith Woods Wildlife Management Area is, of course, 
available for more large-scale and long-term research using some sections of the fields and 
woods for designed comparisons. Cooperative progress along these lines was initially 
conceived, with a focus on the most urgent and important questions for conservation and 
restoration at this site. An ultimate dream would be to use elk and bison for some of this work. 
  
 Given that eutrophic soils may have originally enhanced the role for larger herbivores in 
this region (Campbell 2012, 2013), it will also be important to conduct a detailed soil survey 
within this field and to compare other fields nearby. Preliminary work has suggested that 
significant differences in nitrogen level, from field to field, are associated with some species. In 
particular, poison hemlock (Conium maculatum) is locally abundant on the farm—especially 
where cattle were recently stocked—and this species is known to require high nitrogen for 
growth (Hill et al. 1999, Mamolos & Veresglou 2000). Old hayfields such as the Collection 
Field have much less of this alien weed. It is also likely that the ratio of fescue (Festuca 
arundinacea) to bluegrass (Poa pratensis) is related to soil fertility, as well as to associated past 
disturbance from livestock. The diagonal alternating bands of these two dominant grasses in the 
Collection Field (Figure 2b) might be explained in terms of 100-150 year old driveways for 
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livestock into this corner of the farm, exiting here towards market at Cynthiana (northeast along 
US 62)—this hypothesis could be tested by looking for zones of higher N in the soil. 
 
 One particular native species would be quite useful as a phytometer for assessment of 
gross soil fertility (N, P and K) and herbivory in these fields: Urtica gracilis Ait. [= U. dioica 
L. ssp. gracilis (Ait.) Selander]. The genus Urtica is known to have high demand for N and P, 
and has been used for associated experimental work in Europe (e.g., Taylor 2009) and East 
Asia (e.g., Kato et al. 2008). However, given its high palatability to most mammalian 
herbivores despite stinging hairs (see also: Kirby 2001), small cages might be needed for its 
establishment, and comparison of its fate inside versus outside cages could become another 
valuable parameter for mapping herbivory. “Nettles” (Laportea in deeper woods and Urtica in 
more open) used to be locally abundant within Bluegrass Woodland, but these plants have 
become uncommon to absent, presumably due to intensive continual browsing by livestock for 
230 years (Campbell 2013). 
  
 Ultimately, complete tests and developments of the ‘herbivore hypothesis’ could be based 
on dynamic computer models. Patches of vegetation could be treated as cells for generic 
models (e.g., Adler et al. 2001), and zones of vegetation could be related to distances from 
essential resources or pathways for animals (e.g., Adler & Hall 2005). Central questions could 
then be addressed concerning the roles of herbivores in enhancing or reducing heterogeneity of 
vegetation and in overall modification of succession (e.g., Seagle & Liang 2001). In western 
North America, initial applications of such models are leading to a revolution in ecological 
thinking about management of rangeland (e.g., Fuhlendorf et al. 2012, Herrick et al. 2012). 
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Relevance to Current Management and Future Restoration 

 
Ecological Goals. Original vegetation of the central Bluegrass uplands appears to have been 
largely wooded (Campbell 1985, 1989, 2013a), with relatively deep shade at mid-storey in the 
sugar-maple/bitternut type (20-40%), intermediate shade in ash/elm, walnut/buckeye plus 
oak/hickory types (50-70%), and partial to full sun in canebrakes plus associated thickets 
among the woods (1-10%). Openings were probably concentrated along major trails and around 
licks, glades, campsites and villages maintained by animals and native people. Despite the 
strong evidence for this interpretation, it has been overwhelmed in some accounts by the 
concept that “savanna” or “savanna-woodland” was the major original type, dominated by 
open-grown blue ash and and oaks. This savanna concept was based largely on the condition 
and composition of old woodland-pastures, such as those at Griffith Woods (Bryant et al. 
1980). But evidence from tree-rings confirms that the old trees in these pastures only became 
open-grown after settlement in 1780-1800, when their growth rates increased greatly as the 
woods were thinned out for use by livestock (McEwan & McCarthy 2008). Unfortunately, the 
ash-oak savanna concept has been perpetuated in several recent reports, including the 
newsletter of Kentucky State Nature Preserves Commission (Yahn 2006) and some master’s 
theses from the University of Kentucky (Wallingford 2006, Adkins 2007, Schaffer 2013).  
 
 The herbivore hypothesis, when applied to Bluegrass Woodland, suggests that 
concentrations of browsing within the original woods caused partial segregation of the 
walnut/buckeye type and (especially on drier sites) the oak/hickory type from the ash/elm type 
(Campbell 2012, 2013a). But the Collection Field—and most other old fields in the region—
has relatively little colonization by oaks, hickories and buckeyes, trees with large seeds and 
seedlings that tend to be clustered close to parents (Campbell et al. 1978). For scientific interest 
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and general restoration, it will be useful to implement further experimental plantings of all 
typical tree species in Bluegrass Woodland, especially the large-seeded Aesculus glabra, Carya 
laciniosa and Quercus macrocarpa. From measurement of browsing effects on different plant 
species, plus comparisons with effects of burning, mowing or other management, we will gain 
much deeper ecological understanding of the native vegetation. 
 
 Controlled browsing by deer or livestock has rarely been used for restoration of native 
vegetation in eastern North America. As the science of conservation developed over a century 
ago, both browsing and burning in forests became viewed in a negative light, as exemplified by 
Sargent’s statement (1884, Part III, p. 490): “Two causes, however, are constantly at work 
destroying the permanence of the forests of the country and threatening their total 
extermination as sources of national prosperity—fire and browsing animals inflict greater 
permanent injury upon the forests of the country than the ax, recklessly and wastefully as it is 
generally used against them.” Paradoxically, Sargent was also a specialist on the taxonomy of 
Crataegus (hawthorns), a diverse genus that appears intimately associated with ungulates (Vera 
2000, Smit & Ruifrok 2011, Phipps 2013), as illustrated here by C. mollis (Figure 3). 
 
 In addition to practical concerns about difficulties with management of ungulates, there 
has been a general assessment that livestock are bad for the woods in east-central states (e.g., 
Dambach 1944, Johnson 1952, Apsley et al. 1985), and that deer populations are now too high 
in the region (e.g., Rooney 2001, Russell et al. 2001). Yet a more balanced view deserves to 
emerge, based on the potential for management of ungulates to simulate the original naturalistic 
ecology, to help restore ungulate-associated rare plants (especially along trails), to reduce more 
palatable alien plants, and to provide some economic return from restored vegetation (e.g., 
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Dennis 1997, Williams 1997, Garrett et al. 2004, Arbuckle 2009, Harrington & Kathol 2009, 
Burkhart et al. 2013, Campbell 2013b).  
 
 In contrast, fire does not appear to have had a general influence in woods of the central 
Bluegrass during the 100-200 years before settlement. There are virtually no accounts of fire 
before or after settlement (Campbell 2013a and citations), and there are no fire-scars in the 
older tree sections studied by McEwan & McCarthy (2008). Yet there is certainly ecological 
interest in the potential effects of fire, and a central theme for research at Griffith Woods 
should be to compare effects of burning versus browsing, plus varied combinations. Prescribed 
burning in native vegetation now has many proponents across east-central states, with much 
federal support (e.g., Nowacki & Abrams 2008, Spetich et al. 2011). But it is important that the 
momentum of interest in prescribed burning does not lead to exaggerated claims and excessive 
applications. A more balance objective assessment is needed, taking account of all relevant data 
(e.g., McEwan et al. 2011, Matlack 2013).  
 
 A most egregious recent example of misinformation about Bluegrass Woodland comes 
from the LANDFIRE project of US Forest Service. Within a detailed treatment of “oak-ash-
woodland” in the central Bluegrass region, Frost (2005) made the following largely erroneous 
statements: “The original woodland-savanna aspect, especially on drier uplands of the Inner 
Bluegrass is believed to have been dominated by fire-resistant oaks, especially chinquapin oak 
(Quercus muhlenbergii) and burr oak (Quercus macrocarpa), but also with a variety of other 
species... Central Kentucky grasslands were maintained by fire but we could expect that woody 
succession was also retarded by the heavy, clayey soils originating from the limestone 
substrate. The first approximation map of presettlement fire regimes of the U.S. (Frost 1998) 
indicated fire regimes of 4-6 and 7-12 years in the model area... Lightning and Native 
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Americans likely provided roughly equal influence as ignition sources in presettlement 
Kentucky, with Indian influence being the dominant factor locally... Recent examination of 
early surveys [has] suggested that the landscape might more appropriately be described as oak 
or oak-ash woodland, having an open, fire-maintained understory and perhaps with a lower fire 
frequency than that previously suggested (Campbell, pers. comm.)... Openings had patches of 
cane (mesic sites) or calciphilic prairie graminoids and forbs...and possibly other prairie grasses 
that have been extirpated by grazing and elimination of fire. Little bluestem and a variety of 
other prairie grasses do well on high pH soils elsewhere and could be candidates for inclusion 
in the original herb layer...” There is no mention of native herbivores. I (JC) am listed as a 
reviewer of this document, but I did not review anything like the final draft, I do not agree with 
it, and I do not want my name associated with it. There is a danger that lack of good critical 
review based on existing information—and lack of careful new research attuned to the needs of 
this region—will delay or even interrupt the restoration of something like the original 
ecosystem. 
 

Biological Goals. In addition to restoring or simulating prehistoric ecological processes, a 
broad goal for management at this site is to conserve native biological diversity. Ideally, this 
biological interest would be advanced by ecological management. It is encouraging that, even 
within this one field, browsing appears to have promoted a spatially heterogeneous mix among 
the two provisional groups of plant species (Figure 2c-i). Moreover, spatial heterogeneity 
among tree species along surrounding fencerows and woodland edges may be interpreted in 
terms of previous browsing influence, perhaps for 100-200 years during development of this 
farm: decreasing from south to north (lower left to upper right in Figure 2h-i). This trend is not 
related to woodland age (ancient along all of SE border, youngest along all of NW and NE 
borders). The southern sections of these fencerows and edges have much less dominance by 
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white ash and (to a lesser extent) hackberry, with a more species-rich tree composition (Table 
5). This trend parallels the developing pattern among seedlings and saplings within the field 
(Figure 3). 
 
 Alien trees and shrubs in this field include several browsing-associated species—mostly 
Rosaceae—and two browsing-sensitive species—with many plants of Lonicera maackii plus a 
few Morus alba. Thus control of browsing by livestock or deer, with fencing, cannot be a 
simple panacea for reducing aliens. However, continued seasonally intense browsing combined 
with shade may become increasingly useful as the vegetation develops. All of the browsing-
associated aliens in this field are intolerant of shade, but L.  maackii is by far the most common 
invasive woody species in forests and fencerows of this region. More mature closed forests 
with oaks, hickories and sugar maple tend to have less invasion by L. maackii (Wilson et al. 
2013). But, paradoxically, Hutchinson & Vankat (1998) showed that: “Large expanses of 
agricultural land apparently act as a barrier to the dispersal of this naturalized shrub”—it is 
most successful in suburban areas with no browsing. Although invasion of L. maackii is not 
prevented by dense deer populations, evidence assembled here indicates that browsing may 
reduce it somewhat (Table 4; Figure 3). Species of Lonicera, in general, are often preferred by 
ruminants and can be greatly reduced by them under some conditions (e.g., Nelle 1996, 
Luginbuhl et al. 1999, Turner et al. 2000, Asani et al. 2006, Shrestha & Wegge 2008, Poppe & 
Scheibe 2013). The potential negative effect of ruminants on L. maackii, especially in shade, 
deserves much more experimental investigation. 
 
 Other alien species include most of the browsing-associated forbs in this field, and a 
smaller proportion of the browsing-neutral or -sensitive forbs (Table 3). They also include most 
of the grasses (all cool-season/C3 species), which were not classified as browsing-associated 
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here but do generally withstand the varied effects of ungulates. If more open zones of grassy 
vegetation are to be promoted in a naturalistic restoration that includes the effects of ungulates, 
how can these alien plants be reduced? One simple approach is to kill the dominant pasture 
grasses with selective herbicides to see what comes up instead; initial trials produced varied 
results, with alien thistles increasing in some plots but native wild ryes in others (Adkins 2007, 
Adkins & Barnes 2013). Another approach is to kill the fields completely with herbicides and 
then replant warm-season/C4 grassses, as already conducted in several fields at Griffith Woods, 
but those species do not generally appear to have formed a significant component of the 
original openings within woodland of the central Bluegrass (Campbell 2005). A third approach 
is to let these aliens become gradually suppressed by replanted cane (Arundinaria gigantea)—
which was formerly dominant in the original openings. Deeper analysis of these issues will be 
addressed in future papers, based partly on extensive plot data from the several fields planted 
with cane at Griffith Woods. 
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Figure 13. Percent survival of blue ash saplings (y-axis) in relation to initial height classes 

(meters on x- axis). Quadratic regression, with weak significance, is shown for these seven 
points. Even the lowest point (at 72%) does not different significantly in percent survival from 
the remainder using chi-square test. 
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Figure 14. Scatter plot of blue ash plants with annual extension growth (mean of 2006 and 

2007) versus final height (Sep 2007), showing segregation of plants with leading shoots 

replaced since planting (solid points). Plants with “other major sprouting” of lower branches 
but not leaders (open points) had intermediate growth but no significant regression (R2 = 0.10).
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Table 11. Comparison of blue ash growth and survival from the four provenances (mixed 

systematically along the planted rows). Names are landowner-based with counties in 
parentheses. Differences are tested using ANOVA on log-transformed data for height and 
extension growth. In addition to complete data from all surviving trees, data are provided that 
exclude clearly damaged or resprouted stems; these rows are marked with asterisks (*). 

 

Means 
Kern  

(Fayette) 

Wilson 

(Jessamine) 

Alexander 

(Woodford) 

Griffith 

(Harrison) 

Significance of 

differences 

Initial height, 

estimated (m) 
1.209 1.255 1.293 1.591 P = 0.003 

Final height, all 

data (m) 
1.453 1.605 1.584 1.661 P = 0.03 

* Final height 

excluding (m) 
1.577 1.642 1.732 1.985 P = 0.003 

Annual growth, 

all data (cm) 
9.82 8.69 16.41 11.99 N.S. (P = 0.1) 

*Annual growth 

excluding (cm) 
8.23 6.56 7.56 9.88 N.S. (P= 0.7) 

Annual growth / 

final ht. (cm/m) 
5.33 4.47 6.11 3.37 N.S. (P = 0.4) 

Mortality  

(percent) 
20.9 27.5 10.0 25.9 N.S. (P = 0.4) 
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