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Introduction 

Browsing of tree seedlings by white-tailed deer (Odocoileus virninianus), as well as past land 
use, has initiated changes in plant species and growth form composition in some areas of Fort 
Necessity National Battlefield. As a result, restoration of the historic scene has been delayed 
or prevented entirely. The effects o f  white-tailed deer on forest tree regeneration, species 
composition, and density have been abundantly documented (Marquis 1975). Information on 
tree regeneration, shifts in species composition, and stocking is limited. Records on the long- 
term developments of a stand affected by deer, or the proportions of stands affected are 
insufficient. Furthermore, distribution of Solidago spp. and grasses appears to interfere with 
species composition, secondary succession, and plant physiology. The objective of this study 
was to assess impact of white-tailed deer on species composition and tree regeneration on a 
fallow field. 

A one-acre deer exclosure was created to provide records on vegetational data in the fallow 
field east-south-east of the stockade Fort. This is a report on species composition and 
vegetational transitions within the deer exclosure and control area. 

Study Methods 

During February 1987, local eagle scouts and Fort Necessity personnel installed a one-acre deer 
exclosure approximately 2,000 feet east-south-east from reconstructed Fort Necessity. The 
exclosure (Figure la )  is located within property purportedly cultivated from 1856 to 1923 
(Strach, unpublished): Vegetation studies were made in  June of 1987 and 1988 both within 
and outside of the deer exclosure. 

A line transect was located inside and continued outside of the exclosure. One diagonal line 
tending south-south-west to north-north-east was considered satisfactory; unless there is a great 
diversity of plant communities over the area one transect is generally sufficient (McLean and 
Cook 1968) (Figure 1). Also, the transect line outside of the exclosure was located in an  area 
similar to that inside the fence. The number of sample plots necessary to adequately sample 
the vegetation can be determined by a species-area curve. Sampling was adequate when a 10 
percent increase in sample area resulted in an increase of species equaling 10 percent of the 
total present (Phillips 1959). The total number of species present in transect one was 20. 10 
percent o f  the total present was 2.0. Therefore, adequate sampling occurred somewhere 
between 24 and 25 meters (Figure 1.1). 

The 98 sample plots used in this study each year would not provide an adequate sample on 
which to assess the impact of deer and plant interference on the entire fallow hillside, but 
may provide a prognosis for recreating the historic scene. 

Sample plots were located at  successive 2 meter intervals. A meterstick with 10 16d nails 
spaced 10 cm apart was used to sample the vegetation. The meter stick was placed 
perpendicular to the transect line and each plant species touched by a nail tip was recorded. 
Table 1 shows the relative frequency of each species recorded. This percent was obtained by 
dividing the number of points of occurrence of the species by the number of points of 
occurrence of all species and multiplying by 100. Species composition of the entire exclosure 
was inventoried before sampling occurred (Table 2). 

Stakes were placed 10 ft .  (3m) apart for systematic plant inventory (Figure 2) and plant species 
were recorded after verification by formal botany keys. Specimens unable to be identified 
in the field were collected, pressed, and later studied. Remaining unidentified specimens were 
marked in  the field with stakes for  later observation a t  anthesis (Figure 3). 
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TABlE l.-RELP;IIVE FREQWY E PVWT SPECIES REcxlRcED BY TRANSECT 

Ca#  T FEQ 
RPAC 1 0.21 

34 1 0.21 
TR4G 1 0.21 

4 1 0.21 
w4A 1 0.21 

5 1 0.41 
TWF 1 0.41 
MI 1 0.82 
AI#I 1 0.82 
RUSP 1 0.82 
ptvl 1 1.m 
vosp 1 1,113 
FRVI 1 1.64 
UCE 1 2.05 
LLHo 1 3.29 
WSI 1 4.52 
SAW. 1 8.42 
HIPR 1 13.8 
SOSP 1 24.45 
CRSP 1 3 5 3  

CCOE T FREQ 
39 2 0.21 

WVI 2 0 2 l  
VIRE 2 0.21 
Dm 2 0.21 
RPAC 2 0.21 
WNU 2 0,21 

36 2 o s 4 1  
RMc 2 0,41 

2 2 0.41 
TAaF 2 0.41 

4 2 0.62 
cc8E 2 1.m 
Rc#u 2 1.23 
AMI 2 2.26 
WSI 2 2.88 
ALA 2 3.03 
wlsp 2 3.m 
HR 2 8.23 
sosp 2 9.88 
LM 2 10.29 
SAW 2 10.91 
GRSP 2 42.8 

c u # T  FREP 
WVI 3 0.2 
m 3 0.2 

40 3 0.2 
lR46 3 0.2 
WVK: 3 0.2 
Rusp 3 0.2 
CASP 3 0.2 
I(EsA 3 0.2 
CRSP 3 0.2 
TAOF 3 0.2 
VESP 3 0.2 
AMI 3 0.41 

5 3 0.41 
LYSI 3 0.41 
VIP 3 1.02 
WJI 3 1.84 
al-E 3 2.45 
WSI 3 4.03 
LQio 3 5.11 
SAW 3 7.98 
HIPR 3 ll.23 
w 3 28.22 
tRsp 3 34.36 

COM T FREp 
VEOF 4 0.2 
CEW 4 0.2 
TRSP 4 0.2 
SOCA 4 0.2 
CRSP 4 0.2 
COSE 4 0.41 
RW 4 0.41 
STGR 4 0.61 
FILA 4 1.02 
RPAC 4 1.m 
TAaF 4 1.63 
WSI 4 1.84 
GW 4 2.24 
VIP 4 2.24 
N E  4 2.24 
I4041 4 2.85 
SAW 4 3.21 
HiPR 4 9.33 
LMl  4 10.2 
SOSP 4 13.46 
GRSP 4 46.12 
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Percentage cover was estimated visually. Esrimations o f  cover are commonly used in broad 
surveys; however, they are subject to persona1 errors because of each observer's different 
conceprion of the actual amount of  cover. Nonetheless, an initial percentage cover estimate 
f oilows: 

I 

50% Solidago Spp. 
35% Grass spp. 
10% Hieracidm matense 
5% Satureia vulgaris 

Tree reaeneration was also evaluated in 1988 to determine advance reproducrion. 20 sampte 
plots with a radius of six fect were estabIished in both exdosure and controI areas (Figure 4). 
Stems were recorded by species and height (Tables 3a and 3b). AI1 stems were less than 0.5 inch 
db h. 

TABLE h.-B6WIATIM T#LY BY SPECIES IN M F.4DIuS PULTS WlTHIH WIWZ 

TREEcaE HElBFi HUM1 
##u 0.2 [Rsp 0.2 
m 0.4 [Rsp 0.3 
rn 0.5 Ift9, 0.4 
rn 0.6 IRSP 0.4 

139) 0.4 
Ift9, 0.4 
CRP 065 
[Rsp 0.5 
[Rsp 0.6 
CR9 0.7 
lRsp 0.7 
OI9 0.7 
[x9, 0.8 
OI9 0.9 
OI9 L l  
079, 1.9 
[IMP 2.2 
m 2.2 
OI9 2.3 
[xs, 2.9 
OI9 4.3 

HIMi E r n  WMI Twm EflM 
0.2 WPS 1.0 VBSP 6.7 
0.3 WPS 1.8 VBSP 1.8 
0.3 WPs 2.6 VBSP 2.3 
0.3 KE 3.0 W 2.6 
0.3 liDps 3.8 
0.3 m 4.7 
0.3 Bps 4.8 
0.4 RDPS 5.0 
0.5 lW5 5.3 
0.6 RE 5.8 
0.8 lW5 6,O 
0.8 6.7 
0.8 
0.8 
0.8 
0.8 
Od 
1.0 
1.1 
2.0 

HElGiT 
0.2 
0.4 
0.4 
0 .s 
0.5 
0.6 
0.7 
0.7 
0.8 
0.8 
0.8 
1.2 
1.4 
1.7 
1.9 
1.9 
2.1 
2.2 

TRBm HnQil 
FRS 0.3 
FRSE 0.5 
FRS 0.6 
RE 0.7 
RME 0.7 
FfE 1.1 
FfE 1.2 

nmm EIMi E r n  
VBSP 1.3 X 
YBsP 1.9 X 
VBSP 2.1 X 
VBSP 2.7 X 

X 
' 1' 

X 
X 

x Nmpresfflt 
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Deer populations within Fayette County established by the Pennsylvania Game Commission 
were 19 deer/square mile in 1987. Deer population estimates during the years 1983 to 1986 
were respectively 18, 16, 16, and 17 deer/sq. mi. (Dale Scheffer, pers. commun.). 

Prior to Park acquisition, the study area was grazed by cattle and horses and mowed 
periodically. Mowing of the study area last occurred in the summer of 1982 or 1983. Solidano 
spp. were salient after grazing ceased in 1977 (Frank Marhefka, pers. commun.). 

Since the realization that a large degree of error is inherent in subjective evaluation of 
abundance, ecologists have become increasingly conscious of the necessity of using 
quantitative measures to describe vegetation (Kershaw 1973). The line transect method was 
chosen because it may more closely represent the dissemination pattern of vegetation than 
does the use of square plots within some associations (Phillips 1959) 

The chi-square test of independence was used to evaluate results between the exclosure and 
control area. Null and alternative hypotheses were formulated for comparisons between both 
area transects. Level of significance chosen was .05. 

Line transects within the exclosure and control areas were compared to determine whether 
there were significant differences in species composition with respect to type of area. 
Specifically, the null and alternative hypotheses were stated as follows: 

Null hypothesis: There is no significant difference in vegetation 
composition between the control and exclosure 
areas. 

Alternative hypothesis: There is a significant difference in vegetation composition 
between the exclosure and control areas. 

The general distribution of species in relation to each other within transects was tested for  
significance. Samples taken in the first half of a transect (2m-48 meters) were compared with 
samples taken in the second half of the same transect (50-98 meters). The appropriate null and 
alternative hypotheses follow: 

Null hypothesis: There is no significant difference in vegetation composition 
between samples 2m through 48m and samples 50 m through 98m. 

There is a significant difference in vegetation composition 
between samples 2m through 48m and 50m through 98m. 

Alternative hypothesis: 

Also, the null hypothesis that there is no significant difference between exclosure in 1987 
and 1988 and control in 1987 and 1988 was tested. 
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Results 

Chi-square was computed from expected frequencies greater than five. In general, frequency 
is a useful measure of abundance where comparisons are to be made on a large scale (Kershaw 
1973). 

A series of bar graphs in Figures 5-8 show relative frequencies of plant species along each 
transect. Grasses were the most numerous species on all transects accounting for  more than 
34% of the species present; Solidago spp. were the next most abundant (Table 1). 

The regeneration survey showed about twice as many trees per acre in the exclosure plots as 
in the control plots. However, only 5% of the exclosure plots had two or more stems taller than 
5 feet. The median heights of stems were 0.8 and 1.9 feet, respectively, on exclosure and 
control plots. The control plots had no stems taller than 2.7 feet. All of these plots contained 
fewer than 5 stems over 3 feet tall. 

Crataenus spp. and Prunus serotina were the most abundant tree species on exclosure plots 
(Table 3a). Crataenus spp. accounted for 62% of the tree species present in control plots (Table 
36). 

Seedlings in control plots did not emerge above the herbaceous cover. Thus, deer browsing 
probably had no effect on control area seedlings. 

Plant composition did not differ significantly between transects in 1987 and 1988 within the 
exclosure. Similarly there was no significant difference between plots 2m through 48m and 
plots 50m through 98m within each transect. By contrast, chi-square values were significant 
between exclosure and control transects and between control transects in both years. 
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Figure 5: Relative Frequency >2 
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Discussion 

The chi-square test of independence was chosen for the analysis of frequency data. Observed 
and expected frequencies were compared for testing hypotheses about the proportions of 
individuals which fell in respective categories, namely plant species and transect. However, 
restrictions on the use of chi-square were considered before appropriate data analyses. 

There were quite small expected frequencies in many of the cells from the contingency tables. 
The distribution of chi-square may take different values from those shown in the statistical 
table if any expected frequency is less than 5 (Spence et al. 1976); therefore, relative 
frequencies less than two percent were not included in the contingency tables. 

Hypotheses were formulated and tested to draw inferences, not proof. If the discrepancy 
between the observed and expected frequencies was too great to be due to chance when the 
null hypothesis was true the null hypothesis was rejected. Contrarily, failure to reject the 
null hypothesis was attributed to lack of statistical significance (Boldt 1987). 

These observations do not prove that deer browsing has a direct effect on vegetation 
composition between fenced and unfenced areas. Rejection of the null hypothesis indicates 
that there is a relationship between transect location and species composition. However, 
vegetation patterns a priori dismiss deer influence. Conversely, comparisons between plots 
2m and 48m and plots 50m through 98m within each transect retained the null hypothesis 
that the variables species composition and transect plots are not related. Additional time and 
line transect data are needed to provide interpretive results about the direct or indirect 
influence of deer on species composition and vegetational transition. 

Further, the large discrepancy between the observed and expected frequencies of Sature ia 
vulgaris warranted rejection of the null hypothesis that there was no significant difference 
in vegetation composition between experimental and control area transects in both years. 
This discrepancy is attributed to divergent, nonpermanent transect lines because local or 
small-area patterns enter into the measure of frequency (Mueller-Dombois and Ellenberg 
1974). 

Tree Regeneration 

Tree regeneration is small and the percentage of plots stocked with 2 stems over 5 feet or 5 
stems over 3 feet is unsatisfactory. Current guidelines for evaluation of regeneration stocking 
after clearcutting require that 7090 of the 6-foot radius plots in a stand contain at  least two 
stems over 5 feet in height (Marquis 1981). 

To provide a measure of the overall impact of deer browsing on tree reproduction, 
approximately 5 years is needed to assess regeneration since the plots stocked with 2 stems 
over 5 feet  may increase within the exclosure. And other measures are required to determine 
deer influence by forest type since deer selection of forest habitats is related to abundance of 
ground-level vegetation (Wigley and Garner 1987). 
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Ground Cover Vegetation 

The perennial ground cover dominated by grasses and Solidago spp. may interfere with 
hardwood reproduction. Although these observations do not prove an allelopathic interference 
among plants, previous studies have demonstrated the ability of toxic organic chemicals to 
affect species composition of vegetation, rate of successsion, and plant productivity. For 
example, the presence of coumarins in sweet vernal grass (Anthoxanthum ordoratum) are easily 
leached, and  have been identified as the cause of allelopathic phenomena (Horsley, 
u n pu blis h ed). 

Herbaceous Weed Control 

Forest openings dominated by bracken fern (Pteridium aainlinium), wild oat grass (Danthonia 
comtxessa), rough goldenrod (Solidago rugosa), and flattop aster (Aster umbellatus) 
dramatically reduce seedling survival and growth of black cherry, red maple and other 
desirable hardwoods necessary for  natural reproduction (Horsley 198 1). If these herbaceous 
plants are removed physically or chemically, seedling survival and growth are substantially 
increased. 

Conclusion 

There is no direct evidence that deer browsing affects species composition or tree regeneration 
within control and experimental plots. But this study suggests, at  least, that secondary 
succession has been redirected to a subclimax sere in which regeneration of tree species would 
be improbable. Thus, an allelopathic interference from grass and goldenrod cannot be 
dismissed. 

I recommend mechanical or chemical removal of herbaceous vegetation within the exclosure 
area between July 1 and September 1. Glyphosate (Roundup) is the most economical choice 
for  treatment. Extant herbaceous cover can be controlled with glyphosate a t  1.1 kg/ha (16 
oz/ac). It is not possible to say what levels of weed control are necessary; however, in previous 
studies, 70% weed control 3 years after treatment was set as the standard against which 
satisfactory weed control was measured for both forest stands and openings (Horsley 1981). 

Since glyphosate also kills most woody plants at  the time of application, new reproduction 
from seed stored in the field floor and seed dispersal by wind and animals must facilitate 
adequate stocking. For this reason, broadcast seeding 10,000 black cherry and red maple seeds 
per acre will be needed. 

In addition, I recommend further examination of: a) seasonal shifts in deer density, and b) 
effects of allelopathic chemicals in fallow field communities. First, exclosure construction 
within different forest stands will be needed to determine deer selection and impact. 
Secondly, field herbicide application within additional exclosures offers one means of 
evaluating allelopathic plant interference. Nevertheless, additional studies will provide 
further experience and data on the question raised about white-tailed deer and allelopathic 
plant influences. 
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