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Some form of p a r t i a l  cu t t ing  has been recommended f o r  
most f o r e s t  types i n  which red spruce and balsam f i r  and 
t h e i r  softwood associa tes  a r e  present i n  commercially opera- 
b l e  quan t i t i es .  Idea l ly ,  t he  s ingle- t ree  se lec t ion  system 
o f f e r s  the  g rea tes t  p o t e n t i a l i t i e s  f o r  a t t a in ing  and main- 
t a in ing  a des i rab le  stand s t ruc ture ,  f o r  severa l  reasons : 

1 True uneven-aged stands a r e  cha rac t e r i s t i c  of these  
types. 

2 Both red spruce and f i r  a r e  t o l e r an t  species.  

3 Reproduction of both species comes i n  wel l  na tura l ly  a s  
long a s  a subs t an t i a l  overhead canopy i s  maintained. 

4 The more des i rab le  red spruce can be held i n  a t  l e a s t  
equal r a t i o  t o  t h e  l e s s  des i rab le  f i r  only i f  a continu- 

ous f o r e s t  cover and a source of spruce seed a r e  maintained. 

5 Because of d i f ferences  i n  longevity of t he  two species 
( f i r  should be operated on a ro t a t i on  of 70 years,  while 

red spruce matures anywhere between 100 and 250 years ) ,  a 
shor t  cu t t i ng  cycle i s  des i rab le  t o  maintain maximurn growth 
and t o  salvage f i r  losses ,  

While the  t heo re t i c a l  d e s i r a b i l i t y  of t he  single-tree 
s e l ec t i on  system i s  gradually becoming accepted by prac- 
t i c i n g  fo res te f s ,  t he r e  i s  a general  f e a r  t h a t  extensive 
wind damage w i l l  r e su l t .  This f e a r  i s  based p a r t l y  upon t h e  
undeniable f a c t s  t h a t  many s o i l s  on which spruce and f i r  
occur a r e  shallow, and t h a t  both species a r e  t y p i c a l l y  
shallow-rooted (1, 2, 10) $3 

However, r e l i a b l e  recorded evidence e i t h e r  f o r  o r  
against  wind damage following ca r e fu l  p a r t i a l  cu t t i ng  i s  
v i r t u a l l y  nonexistent f o r  t h i s  region. To a la rge  extent  
t h e  meager references i n  t h e  l i t e r a t u r e  a r e  based upon more 
o r  l e s s  casual  observation of stands c u t  t o  ra ther  low diam- 
e t e r  l im i t s .  For example, Linn (2) reported on t h e  r e s u l t s  
of what was apparently r a the r  poorly control led cu t t i ng  i n  
New Hampshire, and asse r ted  t h a t  only i n  the  mixedwood type 
was there  any point  i n  leaving any merchantable spruce and 
f i r ;  i n  t he  softwood types a l l  res idua l  t r e e s  were blown 
down. Similar ly  Robertson (8) reported t h a t  i n  Quebec "The 
l a rge r  balsam f i r  l e f t  after-logging succumbed t o  wind and 
fungusN; and on the  s t rength of t h i s  observation headvfses 
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against  p a r t i a l  cu t t ing  i n  t he  pure softwood types. But he 
adds, nBeyond t h e  pure softwood type, the re  i s  no room f o r  
c lear-cut t ing methods.'t Much t h e  same sentiment was voiced 
by Dana ( z ) ,  who cautioned a g i i n s t  windfal l  but d id  not  
present any data  t o  ind ica te  the seriousness of t h e  danger. 

Actual measurements of damage were reported on by 
Behre (I) and Kelly and Place (Q. Behre s tudied wind damage 
a f t e r  cu t t ing  t o  diameter limits i n  t h e  Adirondacks and con- 
cluded t h a t  cu t t ings  of t h i s  kind could be made without 
mater ia l ly  increas ing l i a b i l i t y  t o  windfall .  He recorded 
about 3 percent of t he  spruce and 9 percent of the  f i r  t r e e s  
blown down i n  softwood types, and 5 percent of the  spruce 
and 17  percent of t h e  f i r  damaged i n  spruce-fir-hardwood 
types. Kelly and Place reported on a study a t  t h e  Acadia 
Forest Jkperiment S t a t i on  i n  sou$h-central Mew Brunswick. 
They found only 5 p e ~ c e n t  of  t h e  basal  a rea  of spruce and 
f i r  l o s t  t o  windfal l  i n  t he  3 years following p a r t i a l  cut- 
t i n g  i n  the  softwood type. The cu t  took out  about J0,)percent 
of t h e  merchantable volume and the  authors concluded t h a t  i f  
a l i g h t e r  cut  were made wind losses  could be reduced materi- 
a l l y .  

E X P E R ' I  M E N T A C  C U T T ' I N G S  

Beginning i n  1946 a s e r i e s  of experimental cu t t ings  
were made on f i v e  a reas  ( t a b l e  1) i n  t he  spruce-fir  region 
of Baine and Mew Hampshire. These s tudies ,  undertaken by 
t h e  Northeastern Forest Experiment S t a t i on  i n  cooperation 
with timberland owners, were designed primarily t o  t e s t  
p a r t i a l  cu t t i ng  a s  a means of con t ro l l ing  the  spruce budworm 
(Choristoneura fumiferana Clem. ) . One of t he  cancomitaht 
object ives  was t o  appraise t h e  wind damage t o  res idua l  grow- 
i ng  stock. 

Within each area ,  permanent 1/5-acre sample p l o t s  
were es tabl ished before cutt ing.  A l l  t r e e s  3.6 inches d,b.h. 
and l a r g e r  were t a l l i e d  by 1-inch diameter c lasses .  Stand- 
stock t ab l e s  were prepared t o  serve as a bas i s  f o r  drawing 
up marking rules.  

The p r inc ip l e s  of t he  t res - se lec t ion  system around 
which marking ru les  were b u i l t  have been described by 
Westveld (ll) and McLintock (6). Brief ly ,  t he  objectives 
were t o  provide an operable cut  of t he  mature and poor-risk 
t r e e s  and a t  t he  same time t o  leave a vigorous growing stock 
t h a t  would withstand t h e  W n e n t  spruce budworm epidemic, 
be r e s i s t a n t  t o  windthrow, and re tu rn  a high r a t e  of i n t e r -  
e s t ,  



4- Table 1. .-Description of m e r i m e n t a l  cu t t ing  areas 

Area 

Item 
Johnson 

T11 R 4  TE R 2  
Phi l l ips  T5 R18 Mountain Brook 

3 

Size............................................acres.. 29 5 159 140 314 338 
Sample plots........ ........................... number.. 72 54 33 73 

6.8 
94 

Area sampled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . p  ercent.. 4.9 4.7 4.6 5.6 
Year cut  ............................................... F a l l  1947 Winter 194647 Summer 1948 Surmner 1948 Winter 1947-48 
Year re-examined............... ........................ F a l l  1951 Summer 1951 Summer 1951 Fal l  1950 Fal l  1951 
Time since cut t  ing..............................y ears..  4 44 3 
O r i g i n a l  volume of spruce-fir 

2 t  3$ 

5.6 inches d.b.h. and larger.. .rough cords per acre.. 15.2 8.6 13.4 8.3 25.4 
Volume of spruce-fir cut.. ....... rough cords per acre.. 8.8 4.0 3.9 4.8 7.1 

percent.. 58 47 29 58 28 
Original basal area of a l l  

species 3.6 inches d.b.h. 
and l a rge r  ..................... square f e e t  per  acre.. 142 109 131 116 133 ...... Basal a rea  cut ,  a l l  species square f e e t  per acre.. 31 16  25 19 25 

percent.. 22 15 19 16 
Degree of cutting-- 

19 

i n  softwood type . . . . . . . . . . . . . . . . . . . . . . . . . . . . p  ement.. 25 65 90 20 
i n  mixedwood type . . . . . . . . . . . . . . . . . . . . . . . . . . . p  ement..  75 3 5 10 

85 
70 

0 0 
15 

i n  hardwood type. . . . . . . . . . . . . . . . . . . . . . . . . . . . p  ercent.. 0 10 0 
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After cut t ing,  p lo t s  were re-measured t o  determine 
the  exact  amount cu t  on each, Examinations f o r  wind l o s se s  
were made 2 t o  4; years a f t e r  cutt ing.  A t  t h a t  time t he  
diameter and species of each t r e e  damaged, and t he  nature of 
t he  damage--i.e., whether broken o r  uprooted--were recorded. 
From these  data,  and from t h e  stand records f o r  each p lo t  
before and a f t e r  cut t ing,  comparative summaries and analyses 
of wind losses  i n  r e l a t i o n  t o  stand conditions wereprepared. 

E x t e n t  Of L o s s  

Wind damage was  evaluated i n  severa l  ways. I n  t h e  
f i r s t  place, losses  of merchantable-sized t r e e s  were com- 
puted i n  rough cords. To t h e  timberland owner o r  woods 
manager t h i s  i s  of f i r s t  importance, because t he  volume 
losses  sustained could have been avoided by cu t t i ng  a l l m e r -  
chantable mater ia l ,  Indeed, it i s  t h i s  very argument t h a t  
of ten i s  uppermost i n  themind  of t h e  f o r e s t  owner who i s  
considering any system of management t h a t  c a l l s  f o r  leaving 
timber c a p i t a l  on the  stump, 

Secondly, a comparison was made between basal  area  
l o s t  t o  wind and t o t a l  basal  a rea  of t he  stand a f t e r  cut- 
t ing .  To t he  fo res te r ,  t h i s  i s  of more s ignif icance than 
merchantable volume, It conveys a b e t t e r  idea  of t h e  se r i -  
ousness of wind Losses, because it includes t he  submerchant- 
able  4- and +inch c lasses  a s  we l l  as t r e e s  of pulpwoodsize. 
It a l so  gives a b e t t e r  p ic tu re  of losses  i n  r e l a t i on  t o  t h e  
s t ruc tu r e  of the  e n t i r e  stand--and not  j u s t  t o  t he  spruce- 
f i r  component. It i s  worth point ing out t ha t ,  whatever t he  
losses  of these  smaller  t r e e s  under the  se lec t ion  system, 
t h e  l o s s  would ce r t a in ly  have been much g rea t e r  under a 
clear-cutt ing.  

Finally,  t he  l o s se s  were computed a s  a percentage of 
t h e  res idua l  growing stock. The data have been converted 
both t o  a per-acre and t o  a per-acre-per-year bas is ,  They 
a r e  given i n  t e rn s  of spruce-fir volume of t r e e s  5.6 inches 
dbb.h. and la rger ,  and of t o t a l  basal  a rea  of a l l  species 
3.6 inches d. b. h. and l a r g e r  ( t a b l e  2) . 

Note t h a t  t h e  g r ea t e s t  l o s s  i n  volume and basa l  area  
occurred on t he  P h i l l i p s  Brook area  during t he  34 years 

4 ~ N L E S S  SPEC I F  l E D  O T H E R W I S E ,  THE TERM ' W I N D  LOSS "N T H I S  REPORT MEANS 
'NORMAL'  LOSSES FROM W I N D  A C T I O N ,  AS OPPOSED TO LOSSES DUE T O  CATASTROPHES SUCH 
AS HURR E C A N E S .  



t a l  areas Tat lary of wind damage t o  . spruce-fir ; l f t e r  partia .1 cut t ing  o 
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a f t e r  cutt ing.  Here 0.85 cord of spruce and f i r  (4.6 percent 
of t h e  res idual  spruce-fir  s tand)  was destroyed by wind; 
This represents an annual l o s s  of near ly  & cord per  acre ,  
s l i g h t l y  more than the  estimated. average year ly  increment 
f o r  unmanaged stands of t h i s  type. Similarly,  t h e  3.43 
square f e e t  of basal  area  l o s t  pe r  acre  const i tu ted 3.2 per- 
_ _ ._I of  t h e  growing stock i n  t r ee s  3.6 inches d.'- '- and 

A s  mentioned e a r l i e r ,  t h e  cu t t i ng  on t h l s  tLU,, UU 

parted from the  recommended procedure i n  t h a t  many l a rge  but 
fast-growing f i r  t r e e s  were l e f t .  Of t h e  0.85 cord per  
acre  host  t o  wind action,  0.47 cord (55 percent)  was made ur~ 
of balsam f i r  more than 9 inches d.b.h. Such t r ee s  wo. 
normally be cut. I f  these  t r e e s  were disregarded, the  11 
mould be 0.38 cord since cu t t ing ,  o r  0.11 cord per  acre  1 

The nt s blowr 
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t h e  merchantable limits. I n  such spots a l l  remaining t r e e s  
were then pa r t i cu l a r l y  vulnerable t o  wind and snow breakage, 

To i l l u s t r a t e :  On t h e  25 p lo t s  where 25 percent of 
t he  t o t a l  basal  a rea  (and 56 percent of t he  merchantable 
spruce-fir  volume) w a s  cut ,  a l l  the  4- and 5-inch t r e e s  were 
lost--88 of them. I n  addit ion,  36 l a r g e r  t r e e s  were l o s t .  
I n  contras t ,  on t h e  o ther  29 p lo t s ,  where only 6 percent of 
t he  basal  area  (and 24 percent of t he  spruce-fir  volume) was 
cut ,  no small t r e e s  were l o s t .  Here only 12 l a rge r  t r e e s  
were l o s t .  

The l i g h t e s t  damage occurred on t he  TE R2 t r a c t ,  
where losses  per  ac re  s ince  c u t t i n g  have been 0.09 cord o r  
0.54 square foo t  of basal  area.  This represents  an annual 
l o s s  t o  wind of 0.4 percent of t he  basal  a rea  o r  1.1 percent 
of t he  spruce-fir  volume. 

Of inc iden ta l  i n t e r e s t  i s  t h e  proportion of each area, 
a s  estimated from the  sample p lo t s ,  t h a t  sustained no damage 
a t  a l l .  This i s  summarized a s  follows: 

P lo t  - 
No dama e 
pGGi2-T 

Johnson Mountain . . . . .  37 
T 5 R 1 8 . . . . . . . . . .  43 
P h i l l i p s  Brook . . . . . .  5 5 
T 1 1  R 4  . . . . . . . . . .  58 
TE R2 . . . . . . . . . .  66 

The f a c t  t h a t  of t h e  area  on Johnson Mountain and T5 R 1 8  
only 40 percent (average) was undamaged by wind a s  compared 
t o  60 percent (average) f o r  t h e  o ther  th ree  areas  i s  un- 
doubtedly another r e f l e c t i o n  of t h e  cu t t i ng  operations them- 
selves.  

R e l a t i o n s h i p  Of Wind L o s s  

'To D e g r e e  Of C u t t i n g  

The wind losses  of spruce and f i r ,  i n  r e l a t i o n  t o  
change i n  stand densi ty  r e su l t i ng  from cu t t ing ,  have been 
summar ized in tab le  3. The cu t  i s  e x p r e s s e d i n t o t a l  basal  
area  of a l l  species  3.6 inches d.b.h. and la rger ,  r a t h e r  
than i n  volume of spruce-fir  removed. This i s  because basal  
area provides a more accurate  p i c tu r e  of a l l  t he  mate r ia l  
removed i n  logging. Not only t h e  merchantable pulpwood 
t r e e s  a r e  included, but  a l s o  a l l  t r e e s  of a l l  species,  down 
t o  and including the  &-inch c l a s s  ( t r e e s  cu t  i n  c l ea r ing  
roads and landings). 



Table 3.--Relation between percentas of total  basal area cut and wind damage on 

115-acre sample plots,  for an average period of 3; years 

Johnson Mountain 

Phillips Brook 

Johnson Mountain 

pe ewer than 4 plots represented. 

The re la t ion  between percentage of cut and wind dam- 
age appears t o  be rather  e r r a t i c  when individual areas a re  
considered. This i s  due i n  par t  t o  the e f fec ts  of off-plot 
cut t ing on damage within plots.  For example, i n  T5 R l 8  
there was no increase i n  damage with increase i n  cutting. 
This is  explainable largely by the  fac t  t ha t  this area was 
stump-cut; nearly 20 percent of the area was opened up t o  
roads and yards as  compared with an average of less  than 
10 percent i n  the normal yarding operations. Thus many 
plo ts  t h a t  had been cut only l igh t ly  were s i tuated next t o  
roads o r  yards that  provided openings where wind could ge t  
a t  the  trees.  Much the same s i tua t ion  was t rue  of t h e  
Johnson Mountain t r ac t ,  where 20 percent of the area was 
clear-cut. 

On the  other hand, ,damage rose s teadi ly on the 
Phi l l ips  Brook t r a c t  from 0.42 square foot of basal area i n  
undisturbed portions t o  6.46 square f ee t  where 30 t o  40 per- 
cent of the basal area had been cut. 

When a l l  areas a re  considered together, a trend be- 
comes apparent, i n  both basal area and volume (f ig .  1) .  
Where the cut t ing took more than 30 percent of the basal 
area, cumulative losses, over an average period of about 



I BASAL AREA I VOLUME I 

PERCENT OF DI% AREA CUT I 
Figure  1 . - -The  r e l a t i o n s h i p s  between b a s a l  area  c u t  and 

volume l o s t  t o  wind damage. These  a r e  based on 115-  
acre  sample p l o t s ,  f o r  an  average  per iod  of 3% y e a r s .  

39 years s ince  l og  'ng amount t o  3.66 square f e e t  of spruce 
and f i r  per acre  ? 0.89 cord). Where the  cu t t ing  did no t  
exceed 20 percent, losses  t o  wind averaged about 0.96 square 
foot  of basal  a rea  (0.22 cord). It w i l l  be observed t h a t  
even where there  w a s  no cu t t i ng  a t  a l l ,  "normaln wind losses  
have amounted t o  0.43 square foot  per  acre  (0.10 cord) dur- 
i ng  t h e  same period. 

The re la t ionships  of f o r e s t  type and degree of cut- 
t i n g  t o  wind damage a r e  shown i n  t a b l e  4. I n  T5 R18 and 

* 
TE R2 the  losses  p e r  ac re  per  year were t he  same f o r  bath 
types. I n  these two areas  t h e  percentage of cut  was a l s o  

0 
very s imi la r  f o r  t h e  two types, being about' 3 percent aore  
i n  t h e  softwood type. This comparison i s  of i n t e r e s t  because 
some people have contended t ha t  s e l ec t i ve  cu t t ing  may be 
feas ib le  i n  t h e  mixedwood type where associated hardwoods 
help p ro tec t  the  res idua l  softwoods, but t h a t  i n  t h e  soft-  
wood type t he  remaining t r e e s  w i l l  a l l  blow down. 

On Johnson Mountain, losses  i n  t h e  mixedwood type 
were half  those i n  t h e  softwood type. But the  proportion of 
basal  area  cu t  i n  t h e  former was l e s s  than one-fourth of 
what i t  was i n  t h e  l a t t e r ;  so  t h e  difference i n  damage does 
not appear t o  be cor re la ted  with type. On the  Ph i l l i p s  Brook 



Table 4.--Percenta.ee of basal area cut as re la ted t o  basal area 

los t  by wind. by areas and types 

Basal area cut Basal area los t  
i n  original stand per acre per year 

Area 
Mixedmood Softwood Mixedwood Softwood 

type type tspe type . 
Percent Percent Square Square 

feet  - feet  - 
T5 R18 21.0 23.7 0.52 0.52 

Johnson Mountain 5.7 20.5 .29 .58 

T11 R4 0 19.7 0 .45 

TE R2 15.9 18.5 24 .24 

Phi l l ips  Brook 24.5 17.8 1.13 .73 

Average, a l l  areas 17.2 20.2 . 47 .62 

area,  on the  other  hand, losses  were considerably g rea te r  i n  
the  mixedwood type than i n  t h e  softwood type. But here 
again, t he  average percentage of cut--greater i n  t he  mixed- 
wood type--appears t o  be t h e  important factor .  When a l l  
areas  a r e  considered together t he  paral le l ism i s  seen again: 
t he  s l i g h t l y  g rea te r  losses  i n  the  softwood type appear t o  
be a re f lec t ion  of percentage of cut ,  which was greater  
the re  than i n  t he  mixedwood type. 

T h e  N a t u r e  
Of W i n d  Damage  

I n  four out  of f i v e  o f  t he  areas ,  uprooting was more 
common among spruce, and breakage w a s  t h e  p r inc ipa l  type of 
i n ju ry  i n  f i r  ( t ab l e  5) .  The averages f o r  a l l  areas  a r e  
34 percent of t he  spruce broken, as compared with 61 percent 
of t h e  f i r .  These re la t ionships  a r e  very much i n  l i n e  with 
t h e  well-recognized suscep t ib i l i t y  of f i r  t o  bu t t  ro t ,  which 
weakens the  t r e e  and i s  i nd i r ec t l y  t he  cause of a high per- 
centage of f i r  mor ta l i ty  (L 2).  

This leads na tura l ly  t o  the  question: Is f i r  more 
susceptible t o  wind damage than spruce? Since f i r  i s  more 
abundant on a l l  study areas  than spruce, the  answer t o  t h i s  
question is  found i n  a comparison of the  proportional losses  
sustained by t h e  two species ( t ab l e  6).  

I n  every case the  amount of f ir  l o s t  i n  r e l a t i o n  t o  
t he  amount of growing stock l e f t  a f t e r  cu t t i ng  was grea te r  
than corresponding spruce losses.  The di f ference i n  volume 
destroyed ranges from twice a s  much f i r  as spruce on T5 R18 



- 
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Table 5.--Percentace of t o t a l  number of t r e e s  damamd bx 

uproo t iw  and by breakage on each area ,  f o r  

spruce and f i r  e 

Table 6.--Relative suscep t ib i l i t y  of spruce and f i r  t o  mind 

damage. expressed a s  percentage of number of t r e e s  

and of volume destroyed s ince  c u t t i n g  

0 

Area 

t o  seven times a s  much on T11 F&; Taking a l l  areas  together j  
f i r  losses  were 5.3 percent of t he  number of t r e e s  and 7.2 
percent of t he  volume. Spruce losses  were 2.3 percent and 
2.2 percent respectively.  

T5 R18 69 31 43 57 

Johnson Mountain 60 40 27 73 

T11 R4 67 33 71  29 

TE R2 80 20 32 68 

Ph i l l i p s  Brook 6k 36 45 5 5 

Average, a l l  a reas  66 34 39 61 

Area 

The extreme suscep t ib i l i t y  of l a rge  f i r  t r e e s  t o  wind 
damage has already been mentioned. Data from t he  Ph i l l i p s  
Brook area  show t h a t  f i r  losses  i n  t h e  res idual  growing 
stock amounted t o  2.9 percent i n  t h e  6- t o  9-inch c lasses  
inclusive,  but i n  t he  10-inch and l a rge r  c lasses  11.3 per- 
cent of the  t r e e s  were destroyed. Eighteen percent of t he  
f i r  12 inches d.b.h. and l a rge r  were blown down--almost one 
t r e e  out of every f ive .  

Balsam f i r  

Uprooted Broken 

Spruce 

Uprooted 

T5 R18 3.2 3.8 5.2 11.8 

Johnson Mountain 2.0 8.6 2.9 10.9 

~11 RJ+ 0.4 3.0 0.7 5.0 

TE R2 .9  3.4 1.5 4 .1  

P h i l l i p s  Brook 3.8 6.5 1.5 6.8 

Average, a l l  a r eas  2.3 5.3 2.2 7.2 

Wind damage 

Broken 

Percentage of 
number of t r e e s  

Spruce F i r  

Percentage of 
volume i n  cords 

Sgruce F i r  
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a f t e r  t he  stand has been cu t ,  One of t he  biggest  sources of 
l o s s  among spruce was t h e  sound, full-crowned, vigorous in- 
dividuals,  some of them 15 and 16 inches i n  diameter, t ha t  
had been l e f t  f o r  fu tu re  growth. The t rouble  was t h a t  they 
were too t a l l .  Before cut t ing,  t h e i r  dominant pos i t ion  was 
not a hazard because o ther  dominants afforded protection.  
But once these  were removed, t h e  crown of t he  remaining 
t r e e ,  p ro jec t ing  10  o r  15 f e e t  above the  new canopy leve l ,  
was a prime t a r g e t  f o r  t h e  wind. Such t r e e s  shoufd be cut. 
An exception t o  t h i s  r u l e  would be i s o l a t e d  ~~superdominantsrl, 
provided they had been i s o l a t e d  before cu t t i ng  and were 
known t o  have a ce r t a in  degree of windfirmness, 

There i s  nothing t o  i nd i ca t e  t h a t  softwood types a r e  
inherent ly  any more vulnerable t o  wind damage a f t e r  p a r t i a l  
cu t t i ng  than mixedwood types. The c r i t i c a l  f a c to r  seems t o  
be the  proportion of basal  a rea  removed i n  t h e  logging oper- 
a t ion.  To be sure,  the  presence of o ther  species--redmaple, 
white-cedar, paper birch,  pine, and other  common associ-  
ates--which a r e  not cu t  may help prevent windthrow. And i n  
a pure spruce-fir s tand t h e  percentage of merchantable vol- 
ume cu t  w i l l  usual ly  have t o  be l e s s  than t h a t  cut  i n  stands 
where associa ted species a r e  present. It i s  a l s o  reasonable 
and l o g i c a l  t o  suppose t h a t  danger of windthrow i s  grea te r  
on shallow, wet s o i l s  than on deep, well-drained s o i l s .  But 
on the  o ther  hand, mixedwood types--occurring a s  they do on 
slopes--are of ten more exposed t o  winds. Also, observations 
of f i r  cu t  on many logging operations throughout t h e  region 
suggest t h a t  f i r  i s  more suscept ible  t o  bu t t  r o t  onwel l -  
drained s o i l s  than on wet s o i l s .  However, these  matters 
were not c a r e fu l l y  t es ted ;  t h e  above comments a r e  based 
primarily on observation and inference.  

Another f ac to r  of importance i s  the  manner of log- 
ging-already mentioned--and i t s  e f f e c t  on t he  s i z e  of open- 
ings. Extreme care  should be used i n  leaving t r e e s  immedi- 
a t e l y  adjacent t o  yards and road junctions, Here long- 
crowned spruce t r e e s  of dominant and codominant crown 
c l a s se s  a r e  pa r t i cu l a r l y  vulnerable, a s  a r e  ta l l ,  s lender  
f i r  t r e e s .  Short t r e e s  with rapid  t ape r  and crown r a t i o s  of 
from 3 t o  5 a r e  s a f e s t  t o  leave along openings of t h i s  s o r t .  
Once t he  wind takes  out  a few t r e e s  along a road o r  landing 
it i s  l i k e l y  t o  keep working back i n t o  t h e  stand. 

This brings up t h e  mat ter  of logging methods. The 
T5 R 1 8  t r a c t  was stump-cut; and while t h e  c u t t e r s  adhered 
very wel l  t o  t h e  marking between roads, 20 percent of t he  
t o t a l  land area was converted t o  s l ed  roads, haul roads, and 
landings. This l e f t  ample openings f o r  wind act ion.  Aside 
from t h e  other  drawbacks of t h i s  system of cu t t ing ,  t he  
danger from wind l o s s  i s  much greater .  Similarly,  c lose  



supervision of t h e  logging crew t o  assure  cu t t i ng  only of 
marked t r e e s  i s  necessary. Ektensive wind losses  resu l ted  
from overcutt ing on t he  Johnson Mountain area ,  where ade- 
quate supervision was impossible. 

It i s  suspected from t h e  nature of the  damage on t h e  
Johnson Mountain a rea  i n  spots t h a t  had been heavily cut ,  
t h a t  snow was responsible fo r  a subs t an t i a l  part of t h e  de- 
s t r u c t i o n o f  small f i r .  The,!+-, 5 - a n d 6 - i n c h t r e e s  l e f t  
sca t te red  over an  otherwise clear-cut  a rea  no longer bene- 
f i t e d  from t h e  overhead protect ion of t he  l a r g e r  t rees .  It 
has been observed repeatedly on other  clear-cut a reas  that 
heavy accumulations of snow on t h e  crowns bends and eventu- 
a l l y  breaks o r  throws thebe smaller  and r e l a t i v e l y  i s o l a t e d  
t rees .  

Finally,  t he  question may be ra i sed  whether wind darn- 
age w i l l  continue on these  areas ,  o r  whether it has taken 
out t h e  weaklings and t h e  stand has now become adjusted t o  
t h e  changed condit ions t h a t  follow logging. T h i s  question 
can be answered conclusively only a f t e r  subsequent inves t i -  
gations. On two of t h e  areas  wind damage was checked twice. 
On Johnson Mountain a record was made 2 years a f t e r  cut t ing,  
and a t  t ha t  time 75 percent of  t h e  ult imate damage had a l -  
ready been incurred. I n  T5 R18 the  f i r s t  examination was 
a l s o  made 2 years a f t e r  cut t ing,  but  t he r e  only 30 percent 
of t h e  ultimate wind losses  had a l ready occurred. The re- 
s u l t s  lead t o  no conclusions, especia l ly  when it i s  remem- 
bered t h a t  i n  November 1950 t he  whole of northern Maine and 
northern New Hampshire was hit by an exceptionally highwind. 

The conclusion drawn from these  experimental cut t ings  
i s  t h i s :  the  f o r e s t  manager should no t  l e t  f e a r  of wind dam- 
age discourage him from adopting p a r t i a l  cu t t i ng  i n  all-aged 
standg. The l o s se s  a r e  not  great ;  and with good s i l v i c u l t u r e  
t h e  losses  should be l e s s  than t h e  gain from increased 
growth. 

S ' U M M A R Y  

Mind damage t o  spruce and f i r  t r e e s  l e f t  a f t e r  selec- 
t i v e  cu t t i ng  w a s  s tudied on f i ve  areas  i n  Maine w d  northern 
New Hampshire, f o r  an average period of 3$ years a f t e r  
cu t t ing ,  

Losses averaged 0.12 cord of merchantable spruce and 
f i r  pe r  acre  p e r  year, o r  1.4 percent of t h e  volume. Wind 
damage increased sharply when more than 20 percent of t he  
t o t a l  basBl a rea  of a l l  species was taken out i n  logging. 



There *as no apparent difference i n  losses between softwood 
and mixedwood types* More than 60 percent of the damage t o  
f i r  was caused by breakage, while two-thirds of the spruce 
losses were due t o  uprooting, 

e 
Fi r  was nearly three times a s  susceptible t o  wind 

damage a s  spruce. Large fir t rees  were especially vulner- 
able: on one t r a c t  18 percent of the  r e s i d u a  t rees  of more 
than 12 inches d.b.h. were destroyed, as compared with 11 
percent of t r ees  over 9 inches and 3 percent of t rees  be- 
tween 6 and 9 inches. 

The larger  the openings made fo r  yards and roads, the 
g r e a t e r t h e  damage. V e r y t a l l t r e e s  of e i the r  species were 
highly vulnerable. 

Fear of wind damage need not be a deterrent t o  selec- 
t i v e  cu t t ing  i n  spruce-fir stands, Losses should be small 
i f  a few simple precautions a r e  followed. 
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