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THE IMPACT OF 
DEER BROWSING 

ON ALLEGHENY HARDWOOD 
REGENERATION 

by David A. Marquis 

ABSTRACT 

To evaluate the impact of deer browsing on Allegheny hard- 
wood regeneration, surveys were made of vegetation inside 
and outside deer exclosures in 13 stands that  had been elearcut 
5 to 16 years earlier. The surveys showed that  browsing by 
white-tailed deer has resulted in regeneration failures in 25 
to 40 percent of the areas studied. Pin cherry and sugar 
maple were the species most severely reduced by browsing, 
while beech, birch, and striped maple sometimes increased in 
proportion to other species in areas subjected to deer. 

The surveys also showed that  successful regeneration was 
obtained in spite of deer browsing in over half of the clearcuts 
studied. Although not demonstrated here, other research has 
shown that  the areas most likely to regenerate satisfactorily 
are those that  contain abundant advance regeneration. 

Data from this study, although limited, suggest that  re- 
generation in 4- to 5-year-old clearcuts can be judged satis- 
factory if a t  least 60 percent of the 6-foot-radius plots 
examined are stocked with a t  least 2 desirable stems over 3 
feet tall, or  a t  least 100 desirable stems of any size. 



SCIENTIFIC NAMES 
OF TREES MENTIONED IN THIS REPORT 

C o m m o n  n a m e  Scienti f ic n n  m e  

Sugar maple A cer sncchnrunz Marsh 

Red maple A c e r  rzcbrz~m L. 

Striped maple A c e r  pensylvnnicum L. 

Yellow birch B ~ t z i l n  ctlleghciniensis Britton 

Black birch Betulcl lentn  L. 

Beech Fngzis grandi fo l in  Ehrh. 

White ash F ~ n x i n z i s  nmericnncr L. 

Yellow-poplar L i r i o d ~ n d r o r ~  tzilipif e m  L. 

Cucumber-tree iMngnolicr a c u ~ n i n n t n  L. 

Aspen Popz~lzis grandidentcttn Michx, or 
Pop?clus tremzcloides Michx. 

Black cherry P r u ~ z i s  serot inn Ehrh. 

Pin cherry Przcnzis pensylvanicn L. 

Red oak Quercus  rzibrci L. 

Eastern hemlock T s u g ~  canndensis (L . )  Carr. 



DEER BROWSING: 
A PROBLEM IN REGENERATION 

deer on tree regeneration. Xost exclosure HEAVILY areas On the A1- studies involve only one or two exclosures 
legl len~ Plateau in Pennsylvania and with in a 1 imited area Such studies leave 

New York have s u ~ P o r t e d  an  unusually large little basis on which to judge such important 
d e e r  herd since the  1920~9 and browsing of questions as  how frequelltly ;md under what  
woody plants by these deer has affected de- conditions deer actually prevent establish- 
v e l o ~ m e n t  of for  a long time ment of a new forest stand. To do this, data 
(Fro~z t z  1930; Bramble  and Engl ish  19-48; from a large number exclosures over a 
B e n n e t t  1957; ,Vctrquis 1973 ) . wide range of sites and conditions a r e  

Understory vegetation is extremely sparse 
in niost undisturbed Allegheny hardwood 
stands,  and new seedlings that  appear after  
fores t  cutting a re  often severely browsed. 
Many  deer-exclosure studies on the Alle- 
gheny Plateau have demonstrated how deer 
delay, and sometimes entirely prevent, tree 
reproduction ( G ~ i s e x  1957; Shn fer  e t  nl. 
1962 ; Jordan 1967) .  In  addition to interfer- 
ing  with the development of new trees, ex- 
cessive browsing reduces further  browse 
production, degrading deer range conditions, 
(Stiteler ccnd Shaw 1966) which results in 
deer  that a re  undersized and undernourished 
(Jordan 197'0). 

Because there is mucll variation from place 
to place in the quantity and vigor of tree 
reproduction and the amount of deer brows- 
ing, it is difficult to  judge the t rue  impact of 

- 

needed. 
During the 1950s and 1960s, the Allegheny 

National Forest installed a series of deer ex- 
closures in various stands. Most of these 
exclosures were located in recently cutover 
areas. Ir? 1971, vegetation surveys were 
made on plots both inside and outside 13 of 
these exclosures (table 1 ) . The results ob- 
tained from these surveys provide a measure 
of the impact of deer browsing on Allegheny 
hardwood regeneration in a four-county area  
in Northwestern Pennsylvania. 

A cluster of 9 sample plots was located in- 
side and another one outside each exclosure. 
The sample plots were arranged in 3 rows 
of 3 plots each, with 40 feet between plots. 
The cluster outside the exclosure was located 
in an  area judged to have been as  similar a s  
possible to that  inside the fence, on the basis 

Ta bie I .-Exclosures surveyed 

Stand No. Sale area Cutting Fence Fence Area 
complete built height explosed 

Year Year Feet 

RECENT CLEARCUTS 

Railroad Run 1966 1966 6 
North Branch Sugar Run 1965 1966 6 
Hemlock Run 1966 1966 6 
Wolf Run 1969 1969 8 
Slide Run No. 2 1963 1963 8 
Long Hollow 1965 1966 8 
Lower Morrison 1965 1966 8 
Fork Run 1966 1966 8 
Farnsu-orth 1965 1966 8 
Kinzua Trail 1965 1966 8 

OLDER CLEARCUTS 

Chappel Fork 1957 1957 8 
Cherry Grove 1957 1957 8 
Silver Creek 1956 1957 8 

Acres 



s f  topography, drainage, residual stand den- 
sity, etc, The center plot of the outside 
cluster was located at least 100 feet from the 
fence to avoid atypical conditions tha t  so~ile- 
times exist  in the heavily traveled zone near 
tile fence. 

Salzpie plots were circular, with a radius 
of 6 feet, Trees were recorded by species and 
height cksses, and the  exact I-~eight of the 
taaliest individual of each important species 
was recorded. Percentage of ground area 
covered by six major ~ Y O L I ~ S  of iiierh,aceous 
ground-cover plants was also recorded. 

Several species groups a r e  rne~ltioned 
throtrghout the data tabulations tha t  follow. 
E d r ~ f t ' y ~ s ~ d  S ~ P C ~ C J S  a re  those preferred fo r  
t imber production ; they include black cherry, 
s u g a r  ~xaple ,  red maple, yellow-popular, cu- 
cumber tree, and red oak. Conh~ntuacinl spe- 
elcs are all t l~ose  conlmercially valuable for  
t in~bes.  ; they ir~ciude the  preferred species 
-plus beech, yekiow birch, black birch, other 
oaks, hickory, and hemlock. 

The students ""t'" test for  paired observa- 
t ions was used to  make statistical compari- 
sons  anzong fenced and unfenced plots. 

The  san~p le  plot size used in this study (6- 
foot-radius, 11385-acre) was selected be- 
cause i t  corresponds approximately to the 
a r e a  occupiecl by a single tree of average 
diameter in a fully stocked Allegheny hard- 
wood stand --hen tha t  stand reaches mer- 
chantable size. Mean stand diameter of 8 
inches is assumed to be the  size a t  which the  
s t and  becomes merchantable. Fully stocked 
(A-level in stocking guides) Allegheny hard- 
wood stands with mean diameter of 8 inches 
v a r y  from about 330 to 485 trees per acre 
f o r  stands with 0 to 80 percent intolerant 
species (Roach 197h). 

Such plots provide an  especially appropri- 
a t e  size on which to judge reproduction 
stocking. If each 1/385-acre plot contains 
a t  least one stem tha t  survives u l~ t i l  the 
s t and  reaches merchantable size, the result- 
i n g  stand will be fully stocked. I t  follows, 
tlierefore, tha t  the proportion of these 1/385- 
a c r e  plots satisfactorily stocked with repro- 
duetion should be related directly to the 
stocking level of the stand when i t  reaches 
l~~e rchan tab le  size (Letth. 1969) .  

Since n~auay stems prese::t during the re- 
production stage will clie before the s tand  
reaches ~merci~t.~ntable size, it is apparent t l ~ a d  
miire tilam one sten1 n ~ u s t  be present t o  
consider a reproduction plot satisfactorily 
stoeited. Cnfortul~ately, the definition of 
what constitutes a satisfactorily stocked plot 
a t  var ic~ts  ages has not yet been developed 
for  Allegher~y hardwoods, Tl-ierefore, in th is  
report I have assumed a range of criteria- 
based on expe r i e~~ce  and observation in th is  
type and data oli normal n~ortal i ty rates f o r  
northern hardwoods in New England (Leak 
2 969)-a11d have applied these assumed cri- 
teria to evaluate probable future stocking. 

The assumed criteria include 10, 25, 50, 
100, and 150 stems per plot. However, such 
criteria based on the number of stems of 
all sizes a r e  not likely to be very reliable pre- 
dictors of f u t ~ ~ r e  stocking in AXlegileny liarct- 
woodsI because deer browsing prevents many 
of these stems from growing beyond seedling 
size. More reliable criteria would be t h e  
nun~bers  of stems tha t  have already grovvn- 
or  will soon grotv-beyond the reach of deer. 
For  this reason, criteria based on a minimum 
of I or  2 stems over 5 feet tall, and 2 o r  5 
stenis over 3 fee t ta l l  per plot, have also been 
included here. 

Of course, 100 percent stocking is not 
necessary. I n  older stands, the number of 
trees is frequently reduced by thinning to  
stimulate more rapid growth of the residuals. 
No yield is lost so long as  the number of 
trees is not reducecl below the level required 
for  full site occupancy. This level, often re- 
ferred to a s  the  B level in stocking guides, 
is about 60 percent of normal stocking, Thus, 
any stand tha t  Elas a t  least 60 percent stock- 
ing when i t  reaches mercliantable size would 
be considered satisfactory. The 60 percent 
figure has tllerefore been user1 as  the break- 
ing point between satisfactory and unsatis- 
factory stocking of reprocluetion plots as  well. 

The nine sample plots used in this s tudy 
would not provide an  adequate sample on 
which to  evaluate regeneration stocking of 
an  entire clearcut, hut were considered satis- 
factory here beca~xse the total area evaluated 
was iiniited to the 11; acre inside (or  similar 
area outside) the deer exclosure. 



RESULTS AND DISCUSSION 

Older Clearcur+s by 19'91, the total number of preferred spe- 

TI-~ere were tliree older clearerrts (15 to 16 
years since cutting) available with satisfae- 
to ry  exciosures, and ail of these had been 
exa~xined once before, when they were 4 t o  
5 years old. Jordan / 1 9 f l )  has published the 
da ta  from the earlier survey in these three 
cuttings, 

Sulxn~aries of the average number of 
sterns of various sizes are presented In table 
2 f o r  both the current and previotls inventor- 
ies. Total nunlber of stenis did not differ 
significantly between fenced and rilnfenced 
a reas  in 1960 and still did not in I971 if all 
commercial species are considered. However, 

Table %.----Average number 0% stems in 
15- to 16-year-old eiearcuSs 

(Thousand per acre) 

S-ize of stems Fenced Unfenced 

PREFERRED S P E C I E S  

1960 : 
Over 5 feet 0.6 0.1 
Over 3 feet 2.4 0.4 
Ail sizes 24.9 27.1 

1971 : 
Over 5 feet : 2.1 1.8 
Over 3 feet 3.7 2.2 
Ail sizes 12.0 8.8 

COMMERCIAL S P E C I E S  

1960 : 
Over 6 feet 0.6 0.1 
Over 3 feet 2.7 0.5 
All sizes 25.4 27.6 

1971 : 
Over 5 feet 3.7 2.2 
Over 3 feet 4.5 3.0 
All Sizes 11.6 11.8 

Table 3,ANumber of  pin cherry stems in 
15- t o  1 6-year-old clearcuts 

( Thousand per acre) 

Item Fenced Unfenced 

Number present 1960 4.1 0.2 
Kumberpresent1971 1.8 0.2 
Number over 5 feet in 1960 2.2 0.0 
Number over 5 feet in 197'1 1.8 0.0 

eies had been significantly reduced by deer 
browsing. PrefererrtiaHfeeding has appar- 
ently affected the preferred species, produc- 
ing a change in species ec~npositi_on o f  the 
unfenced areas-towan-d larger proportions o f  
s-pecies suck as beech and black birch and 
noncommercial striped maple. 

The influence of deer OM species composi- 
tion is most O ~ S ~ ~ O U S  in the effect on non- 
eon~mercial pin cherry (table 3). This spe- 
cies has been virtually eliminated from the 
trnfenced areas by browsing. 

Differences between f enced and unf eneed 
areas in the nilmbers sf stems over 3 fee t  
tall, or over 5 feet tall, were quite large in 
1960. Although diEerenees still exist, they 
were mrxch less dranlatic by 1971 (table 2 ) .  

Regeneration stocking was much reduced 
by browsing in the unfenced areas (table 4). 
A I t h o ~ ~ g t ~  fenced portions of a"i three clear- 
cuts are satisfactorily stocked, "the tinfenced 
portion of only one of the three elearc~rts can 
be considered satisfactory. One of the other 
unfenced areas might be considered n~argi- 
nal, as i t  does have ad least 1 commereiaI 
(but not preferred) stem per plot over 5 feet  
tall on 60 percent of the plots. 

Experience and observation suggest that 5 
stems per plot over 5 feet tall is adequate 
stocking a t  15 to 16 years of age to insure 
the survival of 1 stern per plot when the 
stand reaches merchantable size. Assuming 

Table 4.-Proportion o f  15- t o  I &year old 
clearcuts safisfactorily stocked 

Stands in which a t  
least 60 percent of plots Fenced Unfenced 

are stocked with-- 

5 stems over 5 feet taII 100 0 
"terns over 5 feet tail 100 3 3 
I stem over 5 feet tall 100 3 3 

5 stems over 5 feet tall 100 3 3 
2 stems over 3 feet tail 100 3 3 
1 stem 01-er 5 feet tall 100 67 



tha t  this is an  appropriate measure of stock- 
ing in 15- to 16-year-old stands, I examined 
the  1960 data on tlaese three clearcuts to see 
what measure of stocking a t  4 to 5 years of 
age provides the most reliable means of pre- 
dicting which clearcuts will be satisfactorily 
stocked when they reach 15 to 16 years of 
age. Data from a few of the many stocking 
criteria examined are shown in table 5 .  

Regressions run on the various stocking 
criteria provide a crude measure of the effec- 
tiveness of each criterion (table 5).  Several 
of the criteria shown seem to have some 
value as predictors. However, the one that  
seems to have most potential value is the 
proportion of plots that  contained a t  least 
2 stems over 3 feet tall or 100 seedlings of 
any size. This criterion is the only one that  
showed complete agreement with the stock- 
ing evaluations a t  15 to 16 years of age, That 
is, all areas a t  least 60 percent stocked a t  
age 4 to 5 years on the basis of this criterion 
were still a t  least 60 percent stocked a t  age 
15 to 16 years; and all areas less than 60 
percent stoclted were still less than 60 per- 
cent stocked a t  age 15 to 16 years. 

No other criterion performed as  well, al- 
though one other one actually had a higher 
R2 value. A considerable amount of addi- 
tional data from other areas will be needed 
to provide rigorous tests and permit selection 

of the best criterion. But in the interim, 
stocking of Allegheny hardwood reproduc"con 
in 4- to 5-year-old elearcuts can probably be 
evaluated with reasonable accuracy on the  
basis of the proportioll of 6-foot-radius plots 
stocked with a t  least 2 commercial stems 
over 3 feet tall or 100 stems of any size. 

Recent Clearcuts 

There were 10 exclosures in recent clear- 
cuts (5 to 6 years old), and there was much 
variation among them in the impact tha t  
deer had on regeneration. Two of the 10 
areas were almost completely bare of trees 
except where they had been protected by the  
deer exclosure (fig. 1 ) .  The other eight 
areas showed the influence of deer in varying 
degrees. 

The total number of stems found in the  
unfenced areas averaged sliglltly Iess (not 
significant) than in the fenced areas (18,400 
versus 20,900). The impact of deer is more 
apparent if only stems over 5 feet tall are 
considered. Unfenced areas averaged 36 per- 
cent fewer stems of this size than the fenced 
areas (4,600 versus 7,200). If only cornmer- 
cia1 species are considered, the figures are  
3,200 versus 5,300; and this difference was 
statistically significant. 

The reduction in number of stems over 5 
feet tall as a result of browsing occurred in 

Table 5.-Regeneration stocking of  commercial species was judged by various stocking criteria 

Age 4 to 5 years2 
Age 15 to 16 years: Proportion of plots stocked with a t  least-- 

Plots proportion of plots Total Stems over 
sa t i s fac to r i '~  stems 3 feet tall 5 10 100 2 sterns 2 stems 5 stems 

stocked1 stems stems stems zt:all Over feet Or Over 
100 stems 3 feet  tall  

Percent 
Fenced : 

Chappel Fork 100 
Cherry Grove 78 
Silver Creek 7 8 

Unfenced: 
ChappeI Fork 6 7 
Cherry Grove 53 
Silver Creek 3 1 

Coefficient of determination (R2) on 
stocking a t  age 13 to 16 years 

Tlzousands p e ~  acre Percent - - 

1 A satisfactorily stocked plot is one containing a t  least 5 stems of commercial species over 5 feet tall. 
2 * Significant a t  0.05 level; "*  significant a t  0.01 level. 

4 



Figure I .---Deer browsing has completely elirninafed tree re- 
generation outside (le4t o f  +his photo) this fenced deer exclosure. 

all species except striped maple and aspen. 
P i n  cherry and sugar maple u7ere browsed 
especially bard; large sterns of both these 
species were virtually eliminated in the rrn- 
fenced areas (table 6). 

Stockirrg levels, as measured by a variety 
of criteria, differed significantly between 
fenced and unfenced areas (table 7).  Al- 
though the diAFerent criteria produced slight- 
ly different results, somewhere between 10 
and  40 percent of tlie areas stuclied have 
failed to regenerate satisfactorily as  a direct 
result of deer browsing. That is, regeneration 
is satisfactory inside the exclosure and un- 
satisfactory outside tlie exclosure in 10 to 40 
percent of the clearcuts. 

Deer browsing had a greater impact on 
t h e  preferred timber species than on all com- 
mercial species. For example, the proportion 
of clearcuts on which 60 percent of the plots 
were stocked with a t  least 2 stems over 3 feet 
tall was reduced by browsing froni 90 to 50 
percent on preferred species, but was reduced 
only from 90 to 70 percent if all comniercial 
species are counted (table 7). 

Data in table 7 also indicate that  some- 

where between 40 and 80 percent of the 
clearcuts will regenerate satisfactorily in 
spite of deer browsing (outside the exclo- 
sure). There are no data available for these 
stands before cutting, so the factors respon- 
sible for the success of some stands and the  
failure of others cannot be determined. How- 
ever, extensive surveys performed by Grisez 
and Peace (1973) have sliown that  stands 
containing abundant advance regeneration 
before cutting liave a high probability of re- 
generating satisfactorily even in the pres- 
ence of deer browsing, while those with 
sparse advance regeneration are likely to fail. 
Much of the difference in stands observed 
here can probably be attributed to such dif- 
ferences in advance regeneration. 

Average height of the tallest stem of all 
preferred species was reduced 38 percent in 
the unfenced areas, from 9.2 to 5.7 feet. 
Average height of the tallest stem of all 
con~mercial species was reduced 41 percent, 
from 11 .6 to 6.8 feet (table 8). Both of these 
differences were statistically significant. 

The average area occupied by ground- 
cover vegetation did not differ appreciably 



Table 6.-Average number of sfems in 5- 4-0 6-year-old cleareuSs 

(Thousands of stems per acre) 

- -- - --- - - 

Species Over vnder  611 Over Under All 
3 feet a feet slzes 5 feet 5 feet sizes 

Black cherry 
Suger maple 
Red maple 
White ash 
Beech 
Birch 
Aspen 
Pin cherry 
Striped maple 
Others 

All species 

Table 7.-Proportion of 5- t o  6-year-old clearcuts 
satisfactorily stocked 

Clearcuts in which at  
least 60 percent of 

plots are stocked with-- 
-- 

P r e f  e r r e d  species : 
5 sterns over 3 feet tall 
2 stems over 3 feet tail 
I0 stems any size 
5 stems any size 
2 stems over 3 feet o r  100 stems any size 
2 stems over 3 feet o r  23 stems any size 

Unfenced 

Percent 

Commercial species : 

5 stems over 3 feet tall 9 O 5 0 
2 stems over 3 feet tall 9 0 70 

10 stems any size 9 0 60 
5 stems any size 90 80 
2 stems over 3 feet o r  LOO stems any size 90 7 0 
2 stems over 3 feet o r  25 stems any size 90 

-- 
7 0 

between the fenced and unfenced areas, but the exclosures had been taken over cornplete- 
there were shifts in species abundance. ly by herbaceous plants; primarily grasses 
Browsing reduced Rnhi~s spp. considerably and sedges, ferns, and tall plants such a s  
in the  unfenced areas, while grasses and goldenrod and aster (fig. 2 ) .  
sedges spread to fill this void. These differ- clearcu+s combined 
enc's "tween fenced and unfenced areas To provide measure of the impact of deer 
were significant a t  the 10 percent level. Cov- browsing on Allegheny llardruood regenera- 
erage of ferns and other ground-coyer sPe- tion, all 13 clearcuts were grouped together, 
cies was similar both inside and outside the stocking was evaluated on the basis of 
exclosure (table 9 ) .  However, these average the most promising criterion. m o s e  in 
figures ccnceal some large differences that  which a t  least 60 percent of the pIots were 
occurred in the individual areas. For ex- stocked with a t  least 2 stems over 3 feet tall, o r  
aniple, the two areas in which tree seedlings 100 stems of any size a t  age 4 to  6 years, were 
were almost completely elin~inated outside judged to I ~ a v e  regenerated satisfactorily; 



Figure 2.-This 10-year old clearcut has Qaited to  regenerate to  
tree species. This area i s  completely dominated by herbaceous 
planfs such as grasses, ferns, goldenrod, and aster. 

Table 8.-Average heighfs of tallest stem per plot in those with lower stocking were judged un- 
5- t o  6-year-old clearcuts satisfactory : 

Species Fenced Unfenced 
P.t.e(eywd Commercial 

sweczes species 
Feet Feet Fenced 9 :! 92 

Unfenced 3 0 67 
Black cherry 9.0 4.1 
Sugar  maple 3.4 1.0 On this basis, deer browsing has resulted 
Red maple 4.8 3.6 in ~lnsatisfactory stocking of preferred spe- 
White ash 3.4 2.5 
Any  preferred species 9.2 5.7 cies on 42 percent of the clearcuts examined. 
Any  commercial species 

- 
11.6 6.8 

-- I t  has resulted in unsatisfactory stocking of 
any comliiercial timber species on 25 percent 
of the elearcuts examined (table 10) .  

A few areas (8 percent) failed to regen- 
Table 9.-Ground cover in 5- f o  6-year-old clearcuts erate satisfactorily even where protected 

Ground cover Fenced Unfenced 

AVERAGE COVERAGE 
(percent) 

Rubus 46 2 7 
Ferns 14 16 
Grasses, sedges 6 15  

All species 63 5 8 

PROPORTION O F  PLOTS J"iTITH 
OVER 30-PERCENT COVERAGE 

(percent ) 

Rubus - P  
3 1 3 9 

Ferns 2 3 2 0 
Grasses, sedges 6 2 0 

All species 91 83 

Table 10.-Summary of regeneration success 
or failure 

Success or  failure Preferred Commercial 
Species Species 

Percent Percent 
Clearcuts successful in 

spite of deer browsing 5 0 6 7 
Clearcuts failed-because 

of deer broms~ng 4 2 25 
Clearcuts failed because 

of other causes 8 8 



froni deer brov\7sing (inside the exclosure). 
However, deer browsing may he responsible 
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