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Abstract: Electric fences are used in Pennsylvania following a timber harvest to reduce deer 
browse on natural regeneration. h 1984, five-strand electric deer fences were constructed 
around two central Pennsylvania clearcuts. Northern red oak, white ash, white pine, and 
yellow-poplar seedlings were planted inside each fenced clearcut area in 1984 and 1985. 
One-hdf of the 1280 seedlings for each species were maintained free from herbaceous and 
woody vegetation competition with annual applications of gl yphosate. Seedling survival, 
height and deer browsing in the growing season were recorded annually for four years. These 
data were analyzed to evaluate the effectiveness of electric deer fences to reduce deer 
browsing on planted seedlings with emphasis on (a) years from construction, (b) species, and 
(c) species specific height growth. The fences were effective in reducing deer browsing on 
the planted seedings for the fmt  two years after construction. After this time, browsing 
during growing season increased. Frequency of browsing was dependent on species and 
seedling height. White pine was the least frequently browsed and northern red oak was the 
most frequently browsed. Practices to enable the seedlings to grow >1.2 m in height in two 
or three years after fence construction will produced the most successful tree planting 
programs in Pennsylvania. 

Post-harvest artificial regeneration in mixed oak s u d s  may be used when regeneration 
stocking is inadequate or the species composition of the regeneration is not desirable. When 
stands have abundant herbaceous vegetation md high deer populations, artificial regeneration 
programs shauld include steps to control competing vegetation and deer browsing. Effects of 
competing vegetation on species desirable in mixed oak stands have be reported for planted 
seedlings (Von Ahhen 1972, Farmer 1981, Johnson 1984, and Bowersox and McConnick 
1987) and planted seeds (Kolb et al. 1990). me use of deer exclosures to reduce the 
incidence of deer browsing on natural regeneration is well documented (Jordan 1967, Marquis 
and Brenneman 198 1 and Trumbull et al. 1989). Electric fences similar to those described by 
Brennernan (1982) are currently used to minimize deer browsing to seedlings from natural 
sources in Pennsylvania. However, the incidence of deer browse to planted seedlings inside 
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an electric deer fence has not been we41 documented. Elecrric fence designs can vary but 
pdnciple components are high tensile stpen@ wire and energizers capable. of chuging the 
fence with at tcasn. 5501) volts. Effectiveness of the v ~ o u s  designs may deper-nd on 4md 
con&tionrs. In Pennsylvafiia, properly consmcted and maintailned five-to-seven s~md venicd 
fences have performed satisfactov, 

This study repores on the effectiveness of efectri~ fences to protect pianred seedlings of four 
species (white pine (Pinus srrobus k.), white ash (Frexiaw americrana L.), noahem red o& 
(Quercus rahra L.), and yellow-poplaf (Liriodendwn fulipgercs L,)) from deer browsing in 
two central Pennsylvania cleucuts. 

METHODS 

Two mixed oak stands in the Ridge and VaIley Provenience of central Pennsylvania were 
used as study sites. The two sites were located 14 km south of State College and within 1 
km of each other. The sites were similar, except one had a southeastern aspect and the other 
had a northwestern aspect. Additioiral site infomation and soil chemical properties have been 
reported by Kolb et a]. (190). The stands h d  received she l tenvd cuts to iirrcrease the 
quantity of dcsiriable seedlings. Neither stand fad acceptable stocking of seedings 10 to 15 
yeass after mauxment. Red maple (Acer rubrum L.) dtominated the average of 2050 to 5250 
comn~ercially in~portant seedling per hectare for the two sites. Ground vegetation was 
dominated by hay-scented fern {Dennsrhtedtia punctr'lobula L,) and poverty oat pass 
(Dant!loaakz spicutu (L) Beauv.). 

In the winter of 1983- 114. apprrrxi~~zaeefy 6 ha of each stand were clearcut. A vertical 
Rve-strand, high tensile steel electric fence was csnsmctcd sound 4 ha. Vertical 
mangemens of the wires were 20 cm above ground for the lowest wire, then spacings of 25, 
30, 30 and 30 for a total fence height of 135 cm. Wires wese attached to ins.ulators instd8d 
on low value trees. Horizontal distance between insulators ranged 4 and 25 m, depen&ng on 
topo~aphy and tree spacing. Electrical ground was established by four 1.22 m sections of 
copper coated rctd. Deep cycle marine barreties wese used to power Gallagher E-12 
energizers. Tbe batteries were changed once per month thughour the study. 

In August 1983, four replications of four XO n? plots were establish& in fern or grass 
dominated locations at each site. At this time, two plots per replication was treated with an 
application of 1.7 k@a of glyphorate to kill existing fern or grass vegetation. The remaining 
piots were mdintained in the fern or p s s  condition. In May 1984, twenty bare root seedlings 
of each species were planted with a pointed planting bx at a 1.0 x 1.0 m spacing in each 
plot. I 3 i r r d w d  seedings were 1-0 stock which were top-clipped at the time of plan~ng to a 
height of 183 cm. The white pine seedlings were 2-0 stock and averaged 10 cna at planking 
time. Da~a for the fern and pass (Weedy) plots, md fern- md  grass-free weed-fsee) plots 
were combined for this study. At each site, thetpe was a total of 320 seedings per species 
with 460 planted in Weedy plots and 160 planted in Weed-he piots. %he 1984 planting 
methds and Eeatnaaents were duplica~d in 1985. Annual shielded applications of glqphosate 
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(1.7 kgha) were used to control competing vegera~orm on the wed-free plots. Sm&,sg 
survival, height and deer browse on the teminal shoot dinring the p w i n g  season were 
recorded annuaffy for four growing seasons (1984-1988). Deer densifies for the m a  
smounding the study sites were estimated to be about 1 deer per 13 hectxes. 

RESULTS 

Annual seedling survival values for both plmting y e m  and both sites were combined and m 
presented in Table 1. Survival one year after plm~ng was generally above 80% md not 
strongly affected by herbaceous condition. As years after plmting increased smival  
decxased, more on the Weedy plots than oon the Weed-free plots. Suwivd of the h a r d w d  
species averaged 23 to 40% lower on the Weedy plots than on the Wd-fres: plots. 

Table 1.--Average1 survival for the four species by heabacesus con&tion and years after 
planting. 

Species Years After Plaoating 

Herbaceous Condition I 2 3 4 

White Pine 

Weedy 

Weed-free 

Northern Red Oak 

Weedy 

Weed-free 

White Ash 

Weedy 

Weedfree 

Yellow-poplar 

Weedy 

Weed-fbee 

'Values were averaged oven: planting years and sites, n= 640. 

fifferences in seedling height between the W e d y  and Weed-free plots was species and time 
dependent (Table 2). The effect of herbaceous cmpetision on height was mdera: for white 
pine and northern red oak, and substantial for white ash and yellow-poplar. Average four 
years after planting height advantage of the Weed-free plots as connpud to the Weedy plots 
was 1 . 2 ~  for white pine, 1 . 3 ~  for noahern red oak, 2 . 2 ~  for white ash and 1 . 7 ~  fair 
yeliiow-poplar. 



Table 2.--Avwagel height of seedings that were not bmwsed by deer for the four species by 
herbaceous condition and yews afer planting. 

Species Yews After Ylagneing 

Herbaceous Condition 1 2 3 4 

White Pine 

Weedy 22 44 66 97 

Nohthem Red Oak 

Weedy 22 42 66 I01 

White Ash 

'Weedy 29 55 87 121 

Weedy 34 fa5 126 189 

~alalues were averaged aver pfanting years and sires. 

Deer tr'diks arid feces insic-fe the fence were rare during tile first and secornd years after 
consomctictn. Sigris of h e r  inside the fencc iracwt9l;ecP in the third and following years after 
constn~cdon, This observed pattenr of deer peneaation was also peflected in the fiquency of 
browsirng (Figurc: I). The k'peyuency of growing sezison browsing increased with incneasfsing 
years after construction and varied among the fom species. Northern red oak and 
ycltow-poplar suffered the highest level of browsing. White! pine and white ash we= browsed 
less f'reyuently. This browsing itlad a major inpict on seedling height (Tablie 3). Over all 
treatments and con&iiriows, browsed white pine, notthem red oak, white ash and yellow-popliar 
sadlings averaged S 1, 67, 76 and 74 cm four yem after planting, respectively. These 
average species specific height values were considerably lower than t!!e unbrowsed vdues. 

Five suand vertical electric deer fences can be an effective tool in reducing the incidence of 
deer browse to plaltecl seedlings. To maximize the effecriveness in protection, s~di ings  
should be plrznled as soon dter fencc consnoc6on as possible and compeb-iaag herbaceous 
vegetation shoi~ld be con~c~lled. ]In our study, deer penemtions of the fence were Bow in the 

two years after fence ct?nsmction. Initially, %he= were tow f~quencies of growing 
season bmwsing to csahe planred seedlings. Once the deer were f~equently peneuating a e  
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Aguse 1. Frequency of deer browsing in the gowing season for the fsw study species 
as a function of years after fence construction in f 984. Deer browsing ipcdvisy was 
measured for four years after the 1984 and 1985 glm~nags. 



Table 3.--Averagei height of seedtifigs that were brcswsetl by deer, by species. 
.-a - 

Species Yexs A f  er Plandsg 

White Pine -- 15 39 5 1 

Nonhern Red Oak 24 5 I 5 8 67 

White Ash 33 8 f 9 1 76 

Yellow-poplar 28 7 1 70 74 

1 Values were averaged over herbaceous condition, pfandng yeas and sites, N ranged from 0 
Bi>r 1 year after plmting to 72, 370, 94 and 8 k for fours years after planthg for white pine, 
northern red wak, white ash and yellow-poplx, respectively. 

fence, browsing increased arnd most Rrc~wsing was to seedling that wen: 4 . 2  m in Ixeight. 
Controlling the fern and grass vegetation enabled yelbw-popla and white ash to obeain an 
average height of >1.2 m in two and three growing seasons, respectively. White pine did not 
achieve an average height beyond the 1.2 m in four years for either herbaceous condition but 
it also was not Frequently browsed. Northern red oak was f~equenrIy browsed by the deer, 
and its height growth was mderate'ty responsive to reductions in herbaceous vegetation. 
Ad&tional @atnmenrs should be explarcd to enable norkhern E$ oak seedlings to rapidly 
achieve heights that are beyond the terrnintnl browsing height of deer. These matments can 
be the use of larger stock, avoid top-clipping, and selecting seed sources or nursery practices 
which maximiae juvenile gowth. 

We have main&*?ined these and other fences in P3ennsylvania, We have observed deer 
chalknges to the fences and we will use this knowledge plus the experiences of others (PA 
B u ~ a u  of Fozstny 1987 and detlalesta et al. 198") to mdify our fimre instdlatiof~s. Our 
observations have been that the deer fist  try to go under the fence. If this fails, they jump 
through the strtinds of wire before jumping over dne fence. The increase in deer penetrilaions 
with time may be attributed to an acquired "knowledge" by deer, desire for favtxabie habitat 
inside the fence. and peaidxis of low voltage or conduc~uity to ground. There were occasions 
when there was low or no voltage to the fence. These occasions usually followed high wind 
and etlec~cal stom.es when dowrred aees or brranches caused shorts in the fence or lighting 
caused overlods to the energizer. During dry soil conditions or periods of snow pxk, 
resistastce to ground was high and differential wire to g~ovtnd voltage would drop below 3500 
volts. An adjustment to mininnizc. deer pene~ations was to alternate the electrical charge to 
each successive su-and of the fence. When Ji the strands are positively charged an fnrborm 
deer will not sense an electrical shwk, since there is no ground to carry the elec~ciry to the 
deer. At times we alternated positive and negative s a n d s  of the fence to try md negate this 
access mute by deer. Other potential acljustrz~cnts could include consmc~ng a six or seven 
s~sand fence to mtnimize the siiseance between stxmds, f~quen t  nwintenance inspections, md 
using srandad eliccnicd service instead of batteries as the power source. However, once deer 
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penemted the fence there %#as little incentive leave the =,a due to the: greater abkinbce 
of food and cover wishin the fenced area. 
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