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Abstract.--The extent  o f  beech bark d isease  was examined on 
permanent inventory p l o t s  i n  western Massachusetts and on 
B a r t l e t t  Experimental Forest  i n  New Hampshire. The amount 
of disease-caused de fec t  was co r re l a t ed  with a reduction i n  
the  proportion of beech i n  a stand.  S i t e s  on lower slopes 
and with g rea te r  abundance of hemlock contained more 
defect ive  beech. 

INTRODUCTION 

Beech (w e r a n d i f o l i a )  is a major 
component of the  northern hardwod f o r e s t s  of 
New England. Although i t  i s  of l e s s  
canmercial imwrtance than its comaanian 
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species.  sugar maple (& saccharm) and 
yellow b i r c h  (Betula a l leghaniens is)  . beech 
is a valuable  ti-ree used fo r  fu rn i tu re  
pa r t s ,  turning s tock,  fuelwood. and pulp. 
Beech mast is of g rea t  value t o  w i l d l i f e  i n  
the  northern hardwod fo res t s .  The beech 
bark d i sease  (BBD) has caused widespread 
des t ruc t ion  of mature beech s tands  r e su l t ing  
i n  l o s t  va lue  of standing timber and f o r e s t  
production. The t r u e  extent  of t h i s  l o s s  is  
unknown. Different species  mixtures and 
environmental f ac to r s  have been suggested a s  
important po ten t i a l  sources of va r i a t ion  i n  
the  d i sease  (Houston 1980). Conversely, the  
d isease  is a potent ia l  major influence on 
fu tu re  species  composition and stand 
s t r u c t u r e  ( F i l i p  1978). This paper is  a 
Preliminary r e w r t  on a studv des imed t o  
examine both i f  these  problems a id  t o  
determine some of the s p e c i f i c  causes and 
e f f e c t s  o f  va r i a t ions  i n  BED. 

BED i n  North America is genera l ly  
accepted t o  be a complex of the sca le  insec t  
Crrptococcus fagisuga Lindinger, and the 
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fungus coccinea var.  faginata ,  as  
described by h r l i c h  (1934). The insec t  was 
f i r s t  noted i n  the  western hemisphere i n  
Halifax,  Nova Scotia i n  1890. The f i r s t  
d i sease  outbreak i n  the United S ta t e s  
occurred i n  Maine about 1930. The disease  
has s ince  spread throughout New England, 
p a r t s  of eas tern  Canada, New York, and in to  
Pennsylvania (Houston e t  a1. 1979). Shigo 
(1972) described the  progress of the  disease 
a s  consis t ing  of three stages:  the  advancing 
f r o n t ,  t h e  k i l l i n g  front.  and the aftermath 
zone. Most o f  New Enaland is now i n  the 
aftermath zone, and BBD is endemic throughout 
(Houston 1975). 

Diseases have been shown previously t o  be 
causes of considerable changes i n  fo res t  
canposit ion.  Davis (1981) has postulated 
t h a t  a disease of yet undetermined or ig in  
destroyed widespread hemlock s tands  about 
4800 B.P. and caused changes i n  f o r e s t  
Species composition ( a s  determined by pollen 
analys is )  t ha t  l a s t ed  for severa l  hundred 
years. More reoently,  the  des t ruct ion of 
ches tnut  (Castanea -) i n  the  e a r l y  20th 
century subs tan t i a l ly  a l tered  species 
canposit ion of oak hardwod stands o f  the  
northeastern United S t a t e s  (Aughanbaugh 1935 
e.g.). During the pas t  tw to  three  decades. 
Dutch elm disease (Ceratocystis  H) has 
a l s o  changed stand make-up (Eyre 1980). 
S imi lar  e f f e c t s  might be expected from BBD. 
Beech, however, because of i t s  a b i l i t y  t o  
reproduce vegetatively by roo t  suckers,  has 
i n  some areas  increased i n  basal  area  and 
dens i ty  a f t e r  des t ruct ion of overstory 
ind iv idua l s  by BBD (Houston 1975). 

Few s tud ies  have examined the f ac to r s  
a f f ec t ing  the in t ens i ty  o f  BED within a 
stand.  Mize and Lea (1974) found t h e  highest 



p r o b a b i l i t y  o f  beech m o r t a l i t y  among t r e e s  o f  
l a r g e  d i a m e t e r  and low v igor .  Parker  (1980) 
found t h a t  c o m p e t i t i o n  wi th in  a  s t a n d  lowers  
h o s t  r e s i s t a n c e  and i n c r e a s e s  r i s k  of  
m o r t a l i t y  f o r  European beech (L s y l v a t i c a ) .  
Lonsdale (1980)  found t h a t  d rought  was an 
agen t  o f  stress which c o n t r i b u t e d  t o  more 
severe  d i s e a s e  symptoms. Parker  (1974) and 
Lonsdale e t  a1 .  (1979) a l s o  d e t e c t e d  a  
c o r r e l a t i o n  between depth o f  s o i l  o v e r  c h a l k  
and amount o f  c h a l k  incorpora ted  i n t o  so i l s  
and t h e  i n c i d e n c e  o f  BBD i n  England. 
Topographical  i n f l u e n c e s  have a l s o  been found 
important  i n  p rev ious  s t u d i e s .  Those trees 
l i k e l y  t o  b e  f i r s t  a f f e c t e d  were found by 
Houston e t  a1 .  (1979 and l979a)  and Parker  
(1974) t o  b e  ones on midslope o r  ones  
downwind of  l a r g e .  o l d .  i n f e s t e d  t r e e s .  S i t e  
c o n d i t i o n s  and soils  a r e  a l s o  recognized a s  
s i g n i f i c a n t  i n f l u e n c e s  on t h e  a b i l i t y  o f  
beech t o  compete wi th  o t h e r  s p e c i e s  (Leak 
1978. 1980) and may i n f l u e n c e  t h e  impact  of  
BBD on a  s t a n d .  

STUDY AREAS 

Because p a r t  o f  t h i s  s t u d y  i s  an  a t t e m p t  
t o  document changes i n  f o r e s t  compos i t ions  
a t t r i b u t a b l e  t o  beech bark  d i s e a s e .  we needed 
s t a n d s  wi th  a v a i l a b l e  d a t a  r e g a r d i n g  t h e  
composition p r i o r  t o  i n f e c t i o n .  The most 
r e a d i l y  a c c e s s i b l e  d a t a  a r e  from t h e  
Massachuset ts  Continuous F o r e s t  Inventory  
(CFI). f o r  which permanent p l o t s  have been 
sampled p e r i o d i c a l l y  s i n c e  t h e  e a r l y  1960's .  
Because BBD m o r t a l i t y  d i d  n o t  occur  i n  
s u b s t a n t i a l  amounts i n  Massachuset ts  u n t i l  
t h e  l a t e  1960'9, t h e s e  r e c o r d s  were 
considered a c c e p t a b l e .  In o r d e r  t o  examine 
d i f f e r e n c e s  over  a  wider geographica l  a r e a  
and t o  i n c l u d e  a r e a s  where BBD h a s  been 
presen t  l o n g e r ,  we a l s o  s t u d i e d  permanent 
inven tory  p l o t s  i n  t h e  B a r t l e t t  Experimental 
F o r e s t  i n  NH. The p l o t s  i n  B a r t l e t t  were 
e s t a b l i s h e d  i n i t i a l l y  i n  t h e  1930's  and t h e  
BBD k i l l i n g  f r o n t  passed through t h e  a r e a  i n  
t h e  1950's ( F i l i p  1978). 

I n i t i a l l y ,  we s e l e c t e d  a l l  p l o t s  on which 
beech made up a t  l e a s t  20% of  t h e  s tems with 
a  d iameter  a t  b r e a s t  h e i g h t  (DBH) 2 5 i n c h e s  
( 1 3  em). Those p l o t s  with r e c e n t  c u t t i n g  
were subsequent ly  omi t ted .  

The CFI p l o t s  sampled i n  Massachuset ts  
a r e  wel l  d i s t r i b u t e d  over  s t a t e  f o r e s t  l a n d s  
i n  four  wes te rn  c o u n t i e s .  They v a r y  i n  
e l e v a t i o n  from 600 t o  2900 f t  (180  m t o  900 
m). We sampled 41 p l o t s  dur ing  t h e  summers 
o f  1981 and 1982 from 94 which met t h e  
i n i t i a l  c r i t e r i a .  CFI p l o t s  a r e  c i r c u l a r  and 
cover  an a r e a  o f  0.20 a c r e  (0.08 h a ) .  

B a r t l e t t  Experimental F o r e s t  is i n  t h e  
e a s t e r n  p a r t  o f  t h e  White Mountains National  
F o r e s t  i n  New Hampshire. It occupies  2600 
a c r e s  (1053 ha)  on a  g e n e r a l l y  n o r t h e a s t  
f a c i n g  s l o p e .  E leva t ion  v a r i e s  from 700 f t  
t o  3000 f t  (210 m t o  930 m). The p l o t s  
sampled were from both t h e  lower .  g e n t l e r  
s l o p e s  and t h e  upper ,  s t e e p e r  s l o p e s  rang ing  
from 800 t o  2000 f t  (240 m t o  610 m) 
e l e v a t i o n .  The i n v e n t o r y  p l o t s  on B a r t l e t t  
a r e  0.25 a c r e  (0.10 h a )  s q u a r e s .  A t o t a l  of 
25 p l o t s  were sampled f o r  t h i s  s t u d y  o u t  o f  
47 which met t h e  i n i t i a l  c r i t e r i a .  Time 
c o n s t r a i n t s  and a c c e s s i b i l i t y  ( <  1 m i  from a 
road)  l i m i t e d  t h e  number o f  p l o t s  we could  
sample. S e l e c t i o n  was s u b j e c t i v e ,  with an  
a t t e m p t  t o  d i s t r i b u t e  samples over  a  wide 
range of e l e v a t i o n ,  physiography,  and 
geographica l  l o c a t i o n  ( F i g u r e  1 ) .  

F igure  1.-Locations o f  sample p l o t s  i n  
Massachuset ts  and New Hampshire. 

PROCEDURES 

On each p l o t ,  a l l  woody s tems  2 2 i n c h e s  
(5  cm) dbh were recorded by s p e c i e s ,  d iameter  
c l a s s  ( t o  t h e  n e a r e s t  i n c h ) ,  crown c l a s s  
(dominant ,  codominant, i n t e r m e d i a t e ,  o r  
suppressed) .  and c o n d i t i o n  (good,  f a i r ,  poor .  
o r  dead) .  On beech 2 2 i n  dbh. v a r i a b l e s  
r e l a t i n g  t o  t h e  inc idence  o f  BBD were a l s o  
recorded acoording t o  t h e  systems developed 
c o o p e r a t i v e l y  by t h e  USDA F o r e s t  S e r v i c e  and 
t h e  B r i t i s h  F o r e s t r y  Commission (Houston e t  



a l .  1979a: Houston personal communication). 
These include the  amount of wax present ( a s  
an ind ica to r  o f  sca le  population) by height 
zones and aspect ,  presence of Ascodichaena 
rugosa, abundance and aspect  of a lgae  and 
l i chens ,  and the amount o f  f r u i t i n g  of N.  

s tocking on almost a l l  p lo t s .  Total d e n s i t y  
and basal  area  i n  t r e e s  > 5 i n  dbh were 
computed. a s  were t h e  relatTve proportions o f  
each of t h e  s i x  species.  These f igu res  were 
then used i n  analys is  of composition of t h e  
p lo ts .  Important var iables  a re  summarized i n  
Table 1. coccinea var .  faginata  present by -heigTit 

zones. Because cu r ren t  f r u i t i n g  was 
considered insu f f i c i en t  t o  descr ibe  the  
amount o f  Nectria a t t a c k  over a prolonged 
period,  we added an index o f  v i s i b l e  de fec t  
due t o  old in fec t ions ,  using the  same sca le  

Table 1 .--Defect, s tand.  and s i t e  parameters 
on p l o t s  i n  Hassachusetts ( a l l  d i g i t s )  and 

New Hampshire ( l e t t e r e d  p l o t s ) .  
a s  fo r  f r u i t i n g  (0  t o  4 f o r  none t o  very 
heavy, respect ively)  of W. Each t r e e  
was divided in to  three  height zones: 0 t o  2 
m ,  2 t o  4 m. and over 4 m. We a l s o  recorded 
the nunber of t a r r y  spots  present.  t h e  number 
of Xylococculus betulae  present ,  and the 
presence o r  a b s e n c ~ l l u s i n g .  S i t e  data  
recorded for  each p l o t  included 11 variables:  
aspect .  percent s lope .  slope posit ion 
(1 =r idge  and upper slope.  2=midslope. 3=lower 
s lope ,  4=bottom). e l eva t ion ,  canopy c losure ,  
canopy he igh t ,  and percent cover of hardwood 
l i t t e r .  softwood l i t t e r ,  bare s o i l ,  exposed 
rock. and fa l l en  wood. 

Average Net Change 
Defect Beech 

B A 

Percent 
Hemlock 

B A 

51.4 

Slope 
Posit ion 

A 1 1  analyses  described i n  t h i s  paper were 
performed only on 1981 d a t a ,  on 10 p l o t s  each 
from Massachusetts and New Hampshire. 
Results  and the  h ~ ~ o t h e S e S  aenerated w i l l  be 
t e s t ed  aga ins t  the-i982 data- when they a r e  
ava i l ab le .  

RESULTS 

The first question t o  be addressed was 
whether the data  recorded provided a 
meaningful index of the  s e v e r i t y  o f  the  
d isease  on any given p lo t .  The amount o f  
cu r ren t  f r u i t i n g  of Nectria was deemed 
inappropr ia te .  fo r  much o f  t h e  damage had 
occurred up t o  25 years  ago and of ten  l i t t l e  
f r u i t i n g  was present i n  obviously damaged 
stands. The appropriate index appeared t o  be 
evidence of both pas t  and present Nectria 
a c t i v i t y  provided by t h e  defect  v a r i a b l e ,  
which was recorded on each beech by i n t e n s i t y  
i n  each o f  three  height zones. A t o t a l  
de fec t  index f o r  each t r e e  was ar r ived a t  by 
summing t h e  scores fo r  each zone (poss ib le  
scores  0-12 fo r  l i v e  t r e e s ) .  A t r e e  
apparent ly  k i l l e d  by BBD was given a score of 
13. The mean de fec t  score  f o r  t r e e s  > 5 i n  
dbh on each p l o t  was used a s  an index 07 BBD 
s e v e r i t y  on t h a t  p lo t .  

The t o t a l  de fec t  of each t r e e  was 
compared t o  its diameter and crown c l a s s  t o  
determine whether t h i s  produced r e s u l t s  
s imi l a r  t o  those described elsewhere (Mize 
and Lea 1979, Ehrlich 1934. Shigo 1972). 
Diameters were grouped i n t o  four c lasses :  
sapl ings  ( 2  t o  4 inches: 5 t o  12 om). poles 
( 5  t o  9 i n ;  12 t o  23 cm) , small sawlogs (10 
t o  14 i n ;  25 t o  36 cm), and l a r g e  sawlogs 
(over 14111: 36 c m .  Saplings had 
s i g n i f i c a n t l y  l e s s  defect  than t h e  poles,  
which had s i g n i f i c a n t l y  l e s s  de fec t  than t h e  
saulogs (Table 2 ) .  The two sawlog c l a s ses ,  
however, were not  s i g n i f i c a n t l y  d i f f e r e n t .  

Crown c l a s s  a l s o  had a s i g n i f i c a n t  e f f e c t  
on de fec t  (Table 3). A 1 1  crown c l a s s e s  were 
s i g n i f i c a n t l y  d i f f e r e n t  from each other .  with 
dominant having the  most de fec t ,  codominant 
next ,  then intermediate,  and suppressed t r e e s  
showing t h e  l e a s t  defect .  

The s i x  most important spec ies  found were 
beech. sugar  maple, red maple (Acer rubrun) ,  
yellow b i r c h ,  black b i r ch  (Betula l e n t a ) .  and 
hemlock (Tsuga canadensis) .  These s i x  
species  accounted f o r  a t  l e a s t  80% of 
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S e v e r i t y  o f  BBD v a r i e d  s i g n i f i c a n t l y  
among t h e  p l o t s  (Table 1 ) .  That v a r i a t i o n  
was along a continuum and s e p a r a t i o n  o f  p l o t s  
i n t o  meaningful  d i s c r e t e  g roups  by amount o f  
d e f e c t  a l o n e  was n o t  p o s s i b l e .  Average 
d e f e c t  was s i g n i f i c a n t l y  n e g a t i v e l y  
c o r r e l a t e d  w i t h  t h e  change i n  t h e  percen tage  
o f  t o t a l  b a s a l  a r e a  i n  beech ( F i g u r e  2 ) .  

Table 2.-Average Nec t r ia  d e f e c t  by d iameter  
c l a s s .  l i v e  t r e e s  on ly .  

Diameter Number Mean 
Class  o f  t r e e s  Defec t  

S a p l i n g s  248 2.02 
P o l e s  203 3.84 
Small sawlogs 9  1  5.7% 
Large sawlogs 38 6.24a 

T o t a l  

a ~ a l u e s  fol lowed by t h e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  p  = 0.05. 

Table 3.-Average Nectria d e f e c t  by crown 
c l a s s ,  l i v e  t r e e s  on ly .  

Crown Number Mean 
C l a s s  o f  t r e e s  Defec t  

Dominant 20 6.75 
Codominant 169 5.33 
I n t e r m e d i a t e  105 3.46 
Suppressed 286 2.24 

- - 
T o t a l  580 3.52 

The c u r r e n t  beech d e n s i t y  was 
s i g n i f i c a n t l y  n e g a t i v e l y  c o r r e l a t e d  wi th  
average d e f e c t  by p l o t  ( T a b l e  4 ) .  Average 
d e f e c t  was n o t  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  
e i t h e r  t o t a l  d e n s i t y  o r  t o t a l  b a s a l  a r e a .  
However. average  d e f e c t  was s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  t h e  propor t ion  of  b a s a l  a r e a  
i n  hemlock (F igure  3 ) .  Average f r u i t i n g  was 
very  h i g h l y  c o r r e l a t e d  t o  average  d e f e c t .  
Average d e f e c t  was s i g n i f i c a n t l y  c o r r e l a t e d  
with s l o p e  p o s i t i o n .  Analys i s  of v a r i a n c e  
showed no o v e r a l l  d i f f e r e n c e  by s l o p e  
p o s i t i o n .  b u t  an a  p r i o r i  c o n t r a s t  o f  t h e  two 
upper p o s i t i o n s  vs. t h e  two lower ones  d i d  
i n d i c a t e  s i g n i f i c a n t l y  more d e f e c t  on t h e  
lower s l o p e s .  

None of  t h e  o t h e r  s i t e  v a r i a b l e s  were 
s i g n i f i c a n t l y  c o r r e l a t e d  with t h e  s e v e r i t y  o f  
BBD. An a d d i t i o n a l  v a r i a b l e ,  s o l a r  r a d i a t i o n  
index (SRI) .  was der ived  from a  combinat ion 
of  a s p e c t  and s l o p e  (Frank and Lee 1966). b u t  
i t  was c o r r e l a t e d  o n l y  wi th  t o t a l  d e n s i t y .  
and had no r e l a t i o n  t o  t h e  d i s e a s e .  
Abundance of t h e  s c a l e  was a lmos t  t o t a l l y  
independent  o f  d e f e c t  (R.0.01). E l e v a t i o n  
was t h e  o n l y  p l o t  v a r i a b l e  which showed a  
s i g n i f i c a n t  c o r r e l a t i o n  with t h e  s c a l e .  

0 5 10 
Average de fec t  

Figure  2.-Regression p l o t  o f  change i n  
p e r c e n t  b a s a l  a r e a  beech vs .  a v e r a g e  
d e f e c t .  

04 I 
0 2'0 40 6'0 
Percent basal area in hemlock 

Figure  3.--Regression p l o t  o f  a v e r a g e  d e f e c t  
vs. p e r c e n t  b a s a l  a r e a  i n  hemlock. 



Table 4.-Correlations o f  average de fec t  with 
var ious  s i t e  c h a r a c t e r i s t i c s .  

Variable Correlat ion Significance 
Coefficient(R) Level 

Current Hemlock .552 1 .006 
Density(%) 

Current Hemlock .5195 
Basal Area(%) 

Average Frui t ing  .a913 
Index 

Slope Posi t ion  .4858 

Net Change i n  Beech -.5688 
Basal a r e a ( % )  

Net Change i n  Beech -.4564 
Basal Area(abso1ute) 

Current Beech -.4199 
Density(%) 

Net Change i n  Beech -.3836 .048 
Density(%) 

Stepwise multiple regression techniques 
produced the  following equation: 

where Y = predicted average de fec t  

X = current  proportion of basal  area 
i n  beech 

X - current  proportion of stems i n  
- beech 

x - current  proportion o f  basa l  area 
- i n  hemlock 

Xu = slope posit ion 

and a l l  coe f f i c i en t s  a re  standardized.  
Fiaure 4 i l l u s t r a t e s  the  aoodness-of-fit of 
t h i s  uredic t ion eauation.  The 
s tandardiza t ion of the  c o e f f i c i e n t s  allows 
CMDarison of t h e i r  maanitudes deso i t e  
d i f f e r e n c e s  i n  s ca le  of the  original  
va r i ab les .  

Observed average defeo 

Figure 4.-Plot of predicted vs.  observed 
values  from t h e  mul t ip le  regression 
equation. A perfec t  predic t ion would l i e  on 
t h e  diagonal.  

DISCUSSION 

Beech bark disease has had a major impact 
on the composition of some northern hardwood 
s t ands  i n  t h i s  study. An undisturbed stand 
of northern hardwoods i n  New England tends t o  
increase  its proportion of beech (Forcier  
1975). Those s tands  where i n t e n s i t y  of RBD 
i s  high. however, have experienced a 
reduction i n  beech genera l ly  i n  proportion to 
the in t ens i ty .  lnis net  l o s s  o f  beech e i t h e r  
through morta l i ty  o r  growth l o s s  is  important 
t o  the f o r e s t  manager. who must decide how t o  
dea l  with the  e f f e c t s  o f  the d isease .  

The multiple regression equation is a 
remarkably good predic tor  o f  de fec t  based on 
so few cases.  I f  the  f i n a l  r e s u l t s  o f  t h i s  
s tudy confirm these f indings ,  i t  should prove 
useful  and p rac t i ca l  fo r  management use 
because it involves only  four e a s i l y  measured 
var iables .  

I n  the par t  of New England where t h i s  
study was conducted the most v i ru len t  a t t acks  
appear t o  be over. Those stands which have 
been only l i g h t l y  at tacked a re  l e s s  
suscep t ib le ,  due i n  par t  t o  composition or  
s i t e  c h a r a c t e r i s t i c s .  I n  those a reas  such a s  
Pennsylvania or  West Virginia ,  where the 
k i l l i n g  f ront  has not  yet  passed, a 
c l a s s i f i c a t i o n  of r i s k  by composition and 
s i t e  could be very useful  i n  deciding which 
s t ands  t o  cut  i n  advance of BBD a t t ack .  The 



f a c t  t h a t  BBD a t t acks  i n  a s imi l a r  manner i n  
t h i s  s tudy area  and i n  o ther  previously 
mentioned a r e a s  suggests t h a t  our r e s u l t s  may 
be app l i cab le  elsewhere. 

Variat ion i n  the  seve r i ty  o f  BBD and its 
impact on a stand can be due t o  a number o f  
f ac to r s .  The l e s s e r  seve r i ty  of BBD on p lo t s  
with many small t r e e s ,  a s  evidenced by the  
negative c o r r e l a t i o n  of de fec t  with beech 
densi ty ,  impl ies  t h a t  younger s t ands  may not  
have ca ta s t roph ic  dying-off o f  beech. 
Ingrowth o f  small t r e e s  may account f o r  
increases  found i n  beech stocking desp i t e  
heavy d i sease  of the  l a rge r  t r e e s ,  a s  on p lo t  
1087. Other unrelated stand dynamics, such 
a s  the  dea ths  o f  overmature paper b i rch  
(Betula papyr i fera)  may a l s o  lessen the  
noticeable impact of  BBD on percent 
composition, a s  on p lo t  M-28. The high 
Corre la t ion  between f r u i t i n g  and de fec t  
implies t h a t  the  a c t i v i t y  o f  Nectria has 
Persisted on those sites where it has 
es tabl ished i t s e l f .  The sca le  is present  i n  
some numbers on a l l  p lo ts .  The l ack  of 
co r re l a t ion  between defect  and sca le  
population may be due t o  the l a g  time 
involved between in fes t a t ion  and in fec t ion  or  
t o  the cumulative nature of the de fec t  index. 
The population dynamics o f  the  s c a l e  i n  the  
aftermath zone appear t o  be based on some 
fac to r s  o t h e r  than those measured i n  t h i s  
study. 

Those f a c t o r s  which had the  most 
influence on the  seve r i ty  o f  BBD . a s i d e  from 
the presence of l a r g e  beech, were t h e  amount 
of hemlock and the  slope posi t ion .  Both of 
these  f a c t o r s  appear t o  be exp l i cab le  a s  
increasing t h e  protection which t h e  s i t e  
af fords  t o  the d isease  agents.  Protected 
s i t e s  such a s  these would be sub jec t  t o  l e s s  
extreme f luc tua t ions  o f  temperature and would 
maintain higher humidities. The presence of 
hemlock would serve t o  shade t h e  t runks  of 
the beech a l l  winter,  when a l t e r n a t e  f reezing 
and thawing might otherwise have a 
detrimental  e f f e c t  on the  sca le  population. 

One outgrowth o f  the e f f e c t  of increased 
hemlock on the  seve r i ty  of BBD is t h a t  where 
beech and hemlock a r e  mixed presently.  t h e  
hemlock appears t o  be taking a l a r g e  share o f  
the  stocking and may eventual ly  reduce beech 
t o  a minor species  on these  s i t e s .  On those 
upper s lopes  where hemlock is no t  present.  
BBD appears much l e s s  severe and beech is 
maintaining its proportion i n  t h e  stand.  

I f  these  observations a r e  confirmed by 
fu r the r  study, they should prove useful  a s  
quick ind ica to r s  t o  the f o r e s t  manager o f  
whether beech should be discriminated aga ins t  
because o f  high r i s k  o f  BBD. 
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L'importance de  l a  maladie de  l ' e co rce  du 
h i t r e  (& grand i fo l i a )  a 6 t e  exaninbe s u r  
l e s  pa rce l l e s  d ' i nven ta i r e  permanent dans 
l ' o u e s t  du Massachusetts e t  dans l a  fo r& 
experimental de  B a r t l e t t  au New Hampshire. 
La quan t i t e  d e  d6faut caus i  par l a  maladie a 
e t e  core lee  a l a  reduction d e  l a  proportion 
de  h i t r e  dans un peuplement. Les e n d r o i t s  
s i t u e s  au bas des  pentes e t  avec une plus 
grande abondance d e  Tsuga canadensis s o n t  
couverts  de  h s t r e  plus suscep t ib le  a i t r e  
a t t a q u i s  par c e t t e  maladie. 

CONCLUSIONS 
ZUSAHHENFASSUNC 

This s tudy  found g rea te r  average de fec t  
i n  the presence of g rea te r  proportions of  
hemlock and on lower s lopes .  Other 
va r i a t ions  i n  species  composition were not  
s i g n i f i c a n t .  Other s i t e  f ac to r s  such a s  s o i l  
texture  and drainage have no t  yet  been 
examined. Nor has the  addi t ional  da ta  from 
the second f i e l d  season been analyzed t o  
determine whether i t  might confirm these 
hypotheses. 

Das Ausmass de r  Buchen-Rindennekrose 
m r d e  auf Dauerbeobachtungsflachen im 
westlichen Massachusetts und i m  B a r t l e t t  
Experimental Forest  i n  New Hmpshire 
untersucht.  E s  ze ig te  s i c h ,  dass  e ine  
Beziehung zwischen dem Ausmass de r  Schaden 
und dem Riickgang des  Buchenanteils i n  den 
Bestanden bes teht  . Flachen i m  unteren Te i l  
von Hannen und solche m i t  hoherem Anteil an -- - 

Tsuga canadensis en th ie l t en  mehr geschadigte 
Buchen . 
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