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of the s i l v i c a l  information on our for -  
t t r e e s  is widely s ca t t e r ed  and some- 

times d i f f i c u l t  t o  find. To make t h i s  material  
more readi ly  a v a i l a b l e ,  the  Fo re s t  Se rv i ce  is 
assembling information on the  s i l v i c a l  charac- 
t e r i s t i c s  of a l l  t he  important  n a t i v e  f o r e s t  
t r e e  spec ies  of  t he  United S t a t e s .  It is  ex-  
pected t h a t  t h i s  information w i l l  be published 
a s  a comprehensive s i l v i c s  manual. 

I This r epo r t   resents st he s i l v i c a l  charac- 
t e r i s t i c s  of one species. It contains the essen- 
t i a l  information tha t  w i l l  appear i n  the general 
manual but has been wr i t ten  with par t icu lar  r e f -  
erence t o  the species i n  the Northeast. Similar 
r epo r t s  on other  spec ies  a r e  being prepared by 
t h i s  Experiment S t a t i o n ,  and by severa l  of  the 
other  regional  f o r e s t  experiment s t a t i o n s .  
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P APER b i r c h  (Betula papyrifera Marsh) i s  common- 
l y  known a l so  a s  white b i rch .  The bark, which g ives  

not  only name but  a l s o  unique c h a r a c t e r  t o  t h i s  t r e e ,  i s  
dist inguishable from the white bark of other  species  by i ts 
pear ly  sur face ,  i t s  creamy c a s t ,  and i t s  chalky whiteness 
t h a t  rubs o f f  onto c lo th ing .  This  bark s epa ra t e s  e a s i l y  
i n t o  papery t h i n  layers .  Its smooth whi teness  is  marked 
with elongated horizontal l en t i ce l s  (21). 

?his  spec ies  is  a l so  known a s  canoe birch and, l e s s  
comonly, a s  s i l v e r  birch (46). 'Ihe name canoe birch gives 
c r e d i t  t o  the  Indians  of our ea s t e rn  woodlands, who laced  
birch bark onto wooden frames t o  make canoes t ha t  were won- 
drously s t rong  and l i g h t .  'Ihe bark of t he  paper b i rch  can 
be peeled o f f  i n  s t rong  shee t s ,  and t h e  Indians  pu t  i t  t o  
many o the r  uses too: a s  covering fo r  t h e i r  lodges, and t o  
make a  variety of u tens i l s .  

?he wood of  paper b i r c h  has c e r t a i n  q u a l i t i e s  t h a t  
make i t  idea l  f o r  many turnery and s p e c i a l t y  products.  I t  
i s  r e l a t i v e l y  c o l o r l e s s ,  o d o r l e s s ,  and t a s t e l e s s ;  i t  i s  
l i g h t  i n  weight, and straight-grained;  i t  s p l i t s  ea s i l y  and 
works eas i ly .  

Spools,  bobbins, toothpicks,  f l o r i s t  p icks ,  tongue 
depressors ,  golf  t e e s ,  and shoe pegs (now used mainly f o r  
p o l i s h i n g ) ,  a r e  but  a  few of t h e  wide v a r i  e t y  of  t u rned  
products and novelty items made from t h i s  wood. On the oth- 
e r  hand, paper b i rch  wood i s  not su i t ab l e  fo r  many ordinary 
uses:  i t  i s  too hard fo r  general construct ion lumber, too 
s o f t  for  hardwood lumber, and i s  not s t r i k i n g  enough i n  ap- 
pearance t o  be popular  f o r  f u r n i t u r e  o r  i n t e r i o r  f i n i s h  
(21). However, considerable amounts a r e  used f o r  pulp and 
boxboard. 



Figure 1. --The natural  range o f  paper birch,  includ- 
i n g  v a r i e t i e s .  A t r e e  o f  t h e  co ld  cl imes,  paper 
birch ranges northward almost t o  the  absolute l i m i t  
of t r e e  growth. 

'Ihe turnery and spec i a l t y  i ndus t r i e s  sus t a in  a con- 
t inu ing  firm demand fo r  t h i s  spec ies ,  and suppl ies  a r e  de- 
creasing. Both industry and fo re s t ry  agencies a r e  'seeking 
ways t o  perpetuate p l en t i fu l  supplies  o f  paper birch through 
fo re s t  management. Sound fo re s t  management must necessarily 
be based on s i l v i c a l  charac te r i s t ics .  

Paper birch has a number of va r i e t i e s :  western paper 
b i rch  (var .  comnutata (Reg. ) Fern. ) ,  mountain paper b i rch  
(var. cordifol ia  (Reg. ) Fern. ), Alaska paper birch (var. hu- 
milis (Reg. ) Fern. & Raup), Kenai birch (var.  kenaica (W. H. 
Evans) Henry), and northwestern paper birch (var. subcordata 
(Rydb. Sarg. ) (46.). 
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Paper birch,  with i ts  va r i e t i e s ,  has a transcontinen- 
t a l  range ( f i g .  1). I t  is common i n  Alaska and throughout 
most of  Canada, extending northward almost t o  the  l i m i t  o f  
t r e e  growth. I n  the  United S t a t e s  it is  common i n  New Eng- 
l and ,  New York, and the  Lake S t a t e s .  I t  a l s o  occurs  i n  
sca t te red  l o c a l i t i e s  i n  the other  northern s t a t e s .  Out l ie rs  
a r e  found i n  Iowa, Nebraska, i n  t h e  Dakotas, and on a few 
high mountains of West Virginia and North Carolina (46) .  

In  the United S ta tes ,  paper birch is  most abundant i n  
- - 

northern New England; and there i t  reaches i ts  best  develop- 
ment. I n  Canada, one of the  regions of g rea t e s t  concentra- 
t i on  i s  the  high land a t  t he  headwaters of the Ottawa Hiver 
i n  western Quebec ( 3 1 ) .  The var ie ty  Alaska paper birch i s  
one of the  comnon t r e e s  i n  the  i n t e r i o r  of Alaska (29, 42) .  

CLIMATIC 

Paper birch i s  def in i te ly  a cold-climate species. I t  
i s  found a s  f a r  north a s  t he  55OF. Ju ly  isotherm, with out- 
lying pockets extending almost to the absolute l i m i t  of t r e e  
growth ( 3 1 ) .  I t  seldom occurs na tura l ly  where the average 
Ju ly  temperature exceeds 70°F. (61) .  

In  view o f  i t s  t ranscont inenta l  range, paper b i rch ,  
a s  a spec ies ,  obviously can t o l e r a t e  much va r i a t i on  i n  t he  
pa t te rns  and amounts of precipi tat ion.  I n  general,  the  cli- 
mate o f  the  area where paper birch is  found can be described 
a s  one of shor t ,  cool summers and long, cold winters  during 
which the  ground i s  covered with snow f o r  long periods. 

S O I L S  

Paper  b i r ch  grows mostly i n  t h e  region o f  podzol 
s o i l s  (60). However, i t  a l so  occurs on gray-brown and brown 
podzol ic  s o i l s .  Within t hese  g r e a t  s o i l s  groups,  i t  i s  
found on a wide var ie ty  of s o i l s .  For example, although it 
reaches i t s  bes t  development on f r e sh ,  well-drained sandy 



loams such a s  the  Hermon stony sandy loams i n  New England, 
i t is a1 so common on s h a l l  ow stony s o i  1 s (62) and even on 
bog and peat s o i l s .  

The s o i l s  t ha t  support paper birch a r e  mainly g l ac i a l  
tills and outwash derived from grani tes ,  s ch i s t s ,  gneisses, 
sandstones, sha les ,  s l a t e s ,  and limestones. 'Ihey range from 
ac id ic  t o  highly calcareous. 

Paper birch occurs over a  wide range of soil-moisture 
conditions. I t  is  somewhat more abundant on s i t e s  t h a t  a r e  
a  l i t t l e  d r i e r  than average (23, 57).  Although the typical  
paper b i rch  i s  seldom found on very wet o r  poorly drained 
s o i l s ,  the var ie ty  cord i fo l ia  o f t en  grows under such condi- 
t ions i n  northeastern Minnesota. 1 

L i t t l e  i s  known about t h e  n u t r i e n t  requirements of 
paper birch. However, s tud ies  of  a  closely re la ted  European 
birch,  B. verrucosa, have shown t h a t  t h i s  species  requires  
re1  a t i ve ly  l a r g e  amounts of n i t rogen  and poss ib ly  s u l f u r .  
I t  is  r e l a t i ve ly  undemanding of the  o ther  elements (36). 

Paper b i rch  may even improve s o i l  f e r t i l i t y .  'Ihere 
a re  indicat ions t ha t  i t  increases the exchangeable potassium 
i n  t he  s u r f a c e  o f  po t a s s ium-de f i c i en t  sandy s o i l s  (65) .  
'his helps pave the  way for  succeeding species. 

PHYSIOGRAPHIC 

I n  t he  more favorable pa r t s  of i t s  range, paper birch 
occurs a t  a l l  elevations, on a l l  slopes and a l l  aspects. It 
i s  one of t he  few hardwoods found near  t imber l i ne  on t h e  
h i g h e s t  mountains i n  New England and New York. I n  t h e  
southern p a r t  o f  i t s  range i t  is  common only on the  cooler  
s i t e s - - a t  higher e leva t ions  and on s teep  north- and ea s t -  
facing slopes. 

I n  i n t e r i o r  Alaska, paper birch predominates on the  
h i l l  slopes, frequently forming pure stands (27). As a  re- 
s u l t  o f  f i r e s ,  i t  h a s  r ep l aced  t h e  c l imax wh i t e  sp ruce  
s t ands  over wide a r eas  (48).  I t  a l s o  occurs  on t h e  f l a t  
1 ands i n  mixture with white spruce and cottonwood (27). 

'~asada, 2. A., Personal correspondence. 



K I  OTI C 

Of the  40 cover types l i s t e d  i n  the  Ebreal and North- 
ern Forest Regions, paper birch i s  a component of 26 of them 
(56). It is  a major component o f  f i v e  cover types: jack 
p ine-paper  b i r c h ;  aspen-paper  b i r c h ;  paper  b i r c h ;  paper  
b i rch- red  spruce-balsam f i r ;  and white  spruce-balsam f i r -  
paper birch. 

Paper b i r ch  o f t e n  grows i n  pure s tands .  More f r e -  
quently though, i t  grows i n  mixture with o ther  species .  ?he 

Figure 2. --In the United S t a t e s ,  paper birch i s  most 
abundant i n  nor thern  New England. 'his i s  one of 
t he  famous roadside s tands  of  paper birch a t  Shel-  
burne, New Hampshire. 



b e s t  developed t r e e s  with the b e s t  q u a l i t y  wood a r e  o f t e n  
found i n  mixture w i t h  e i t h e r  white o r  red spruce and balsam 
f i r  ( 2 1 ) ,  o r  with yellow birch and white ash. Other common 
a s soc i a t e s  a r e  quaking aspen, bigtooth aspen, white pine,  
hemlock, red maple, northern red oak, basswood, jack pine, 
black spruce ,  p i n  che r ry ,  balsam poplar ,  black ash ,  red  
pine, gray birch,  and beech. 

Forests  containing paper birch serve a s  the home f o r  
a g rea t  many o f  ou r  nor thern  animals. Various browse and 
wood-eating mammals such a s  moose, deer ,  snowshoe hares ,  
porcupines, and beaver of ten  r e l y  on paper birch f o r  food. 
Many b i rds  such a s  grouse, redpoll ,  and pine s i sk in  feed on 
the  catkins,  buds, and n u t l e t s  (49). 

Some animals cause considerable damage t o  paper birch 
stands. Mice k i l l  many of the young seedl ings  by g i r d l i n g  
them a t  t he  ground l eve l  ( 5 9 ) .  Red s q u i r r e l s  have in jured  
o r  k i l l e d  many paper birch saplings i n  Alaska by peeling of f  
the bark (47). Deer a r e  believed t o  be responsible fo r  the 
poor su rv iva l  o f  many o f  t h e  paper  b i r ch  stump sp rou t s  i n  
Maine ( 5 1 ) .  Browse-clipping s tudies  i nd i ca t e  t ha t  i f  paper 
birch is t o  be managed fo r  timber, only l i g h t  deer browsing 
can be permitted (3). 

SEEDING HABITS 

Paper b i rch  flowers from mid-April till e a r l y  June 
(63). The seed  r i pens  i n  l a t e  summer, e a r l y  August till 
mid-September. Seed d i spe r sa l  begins soon a f t e r  ripening. 
The seeds a r e  wind-disseminated, and s t rong  winds may carry 
them considerable d i s t ances .  However, most of  t h e  seeds,  
desp i te  t h e i r  l i g h t  weight, f a l l  ra ther  c lose  t o  the  parent  
t ree.  

Paper  b i r c h  t r e e s  begin bear ing  seed  a t  about  15 
years of age (63). The optimum seed-bearing age is 40 t o  70 
years.  Good seed crops,  on a t  l e a s t  some t r ee s ,  occur a l -  
most every year .  Heavy seed c rops  occur a t  longer i n t e r -  
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Figure 3. --Paper b i r c h  seed  (6X). I n  good seed  
years mature stands produce huge quant i t ies  of seed. 

va ls .  I n  good seed yea r s  mature s t ands  may produce huge 
quant i t ies  of  seed. In  a current  study i n  Massachusetts, an 
average f a l l  of 18 mi l l i on  paper b i rch  seeds pe r  ac re  was 
recorded i n  1955 on 1-chain-wide s t r i p s  t ha t  had been clear-  
cu t  through a 70-year-old stand. 2 

The seed, l i k e  those of a l l  t he  b i rches ,  i s  a very 
small, winged n u t l e t  ( f ig .  3) .  I t  can be distinguished from 
the n u t l e t s  of the other  nat ive northeastern birches by cer- 
t a i n  small but spec i f i c  differences i n  s i z e ,  shape, and pu- 
bescence (20). Cleaned paper birch seeds average about 1.5 
mil l ion per  pound. Germinative capacity i s  r a the r  low, av- 
eraging 34 percent (63) .  A1 though embryo dormancy sometimes 
i s  exhib i ted ,  i t  i s  not  s o  c o n s i s t e n t l y  p re sen t  and pro-  
nounced i n  paper birch a s  i n  many o ther  birch species  (41). 
Paper b i r ch  seeds l o s e  t h e i r  v i t a l i t y  r a t h e r  quickly when 
stored unsealed a t  room temperatures. However, i f  the mois- 
t u r e  content  i s  maintained a t  about 1 percent ,  t he  seeds 
w i l l  remain v iab le  a t  room temperatures up t o  18 months; a t  
moisture contents  around 12  percent  the  s torage temperature 
must no t  exceed 45'~. (63).  

'Cunningham, Frank E. Natural regeneration of paper b i r c h  
stands .  Unpublished progress report ,  1957.  Northeastern Fores t  
Experiment S ta t ion ,  Williamstnnn, h s s .  



Germination o f  paper  b i rch  seed depends on proper  
moisture and temperature condi t ions .  I t  i s  no t  a f f e c t e d  
much by in t ens i ty  o f  l i g h t ,  a c id i ty  of  germinating medium, 
o r  carbon-dioxide content  of t he  atmosphere (41). Since a 
photoperiodic response has been demonstrated i n  the germina- 
t i o n  o f  seeds o f  t he  c lo se ly  r e l a t e d  European spec i e s ,  B. 
pubescens and B .  verrucosa ( 6 4 ) ,  i t  i s  poss ib le  t h a t  paper 
birch germination too i s  influenced by the duration, perio7- 
d ic i ty ,  o r  qual i ty  of the  l i gh t .  

After paper birch seed has been stored,  both the r a t e  
and the  percentage of germination can be enhanced considera- 
bly by a cold, moist s t r a t i f i c a t i o n  treatment before sowing. 
Germination percentage can a l so  be increased, but t o  a less -  
er extent ,  by presoaking and by chemical treatment with po- 
tassium n i t r a t e ,  ethylene chlorohydrin, o r  zinc oxide (40). 

VEGETATIVE REPROCUCTION 

Paper birch can regenerate from sprouts a f t e r  cu t t ing  
o r  a f t e r  a f i r e .  Best sprouting usually occurs where young, 
vigorous t r e e s  have been cu t  i n  the spring to  stump he ights  
of % t o  1 foot (51). However, regeneration by sprouts a f t e r  
c u t t i n g  merchantable-sized t r e e s  i s  r a t h e r  uncer ta in .  I n  
one s tudy  i n  Maine, a l t hough  77 p e r c e n t  o f  t h e  s tumps 
sprouted, only 27 percent  of  them had l i v e  sprouts  3 yea r s  
l a t e r  (51), and a f t e r  8 y e a r s  only  16 pe rcen t  had l i v e  
sprouts remaining. Sprouting a l so  may occur a t  the base of  
s tanding l i v e  t r e e s  t h a t  have been subjec ted  t o  increased  
exposure by removal of nearby trees.  

Paper birch may a lso  be propagated by cu t t ings ,  pro- 
vided tha t  the cu t  surface i s  t rea ted  with a growth-promot- 
ing substance (55). 

SEEDLING DEVELOPMENT 

Fecause o f  t h e  small s i z e  of  paper birch seed, newly 
germinated seedl ings  a re  very f r a g i l e .  ?hey a r e  s e n s i t i v e  
to  moisture, l i g h t ,  and seedbed conditions. A mineral s o i l  

%ash, Roble y W. Personal correspondence. 



is bes t  fo r  germination and i n i t i a l  establishment. Rotten 
logs a re  a l so  good seedbeds. On the o ther  hand, leaf  l i t t e r  
is especial ly poor (35). A paper birch seed tha t  germinates 
on top of  a hardwood leaf  cannot push i t s  r ad i c l e  through t o  
the moist s o i l  beneath. I f  i t  germinates under a l e a f ,  the 
t i ny  seed l ing  i s  almost always cu t  o f f  from the  l i g h t  i t  
needs t o  s t ay  a l i ve .  Ihroughout i t s  l i fe - - f rom the  newly 
germinated seedling to  the mature tree--paper birch requires 
overhead l i gh t .  

Small paper birch seedl ings have shown a pronounced 
growth reac t ion  t o  l i g h t  o f  very low i n t e n s i t y  during the  
night .  'Ihis l i g h t  i n t e n s i t y ,  considerably l e s s  than t h a t  
required for  e f f ec t ive  photosynthesis,  caused a s ign i f i can t  
increase i n  dry matter production (68). 

The na tura l  regenerat ion of paper birch depends a l -  
most completely upon natural  o r  man-made disturbances of the 
fores t  t ha t  provide the r equ i s i t e  conditions of mineral s o i l  
seedbeds and overhead l i g h t .  Paper birch seedlings p rac t i -  
c a l l y  never s t a r t  and survive i n  fo re s t  a reas  t ha t  have un- 
dergone no recent  dis turbance,  whereas reproduction counts 
have shown high proport ions of paper birch seedl ings a f t e r  
f i r e s  (7, 8, 48, 50), a f t e r  windthrow (6i 16, 34, 58) and 
a f t e r  heavy cu t t ings  (37, 44, 52). 

Almost a l l  o f  the paper birch reproduction tha t  comes 
i n  a f t e r  a disturbance becomes establ ished during the  f i r s t  
year  o r  two. I n  a s t r i p - c u t t i n g  study i n  a predominantly 
paper birch s tand i n  Massachusetts, as  many as  36,000 seed- 
l ings  per acre became establ ished during the f i r s t  year a f t -  
e r  cu t t ing  and s o i l  scar i f ica t ion .  2 

Ihe f i r s t  year of  l i f e  i s  c r i t i c a l  f o r  a paper birch 
seedling. Any appreciable drought period during the growing 
season w i l l  k i l l  many s e e d l i n g s ,  e s p e c i a l l y  t hose  whose 
roots  have not reached mineral s o i l .  Competing vegetat ion 
may a l so  cu t  o f f  enough sunlight  t o  k i l l  many seedlings. 

Even under favorable condit ions,  the seedl ings t ha t  
survive average only 3 t o  4 inches i n  height  by the end of 
the f i r s t  growing season. Only an occasional one exceeds 10 
inches. Sprouts, on the other  hand, may grow t o  a height of 
2 f ee t  during the f i r s t  year. 



After  the f i r s t  year ,  growth of the  seedl ings p icks  
up; a t  4 y e a r s  o f  age, they  may average  3 t o  4 f e e t  i n  
height. A t  t h i s  age, sprouts  w i l l  be about twice a s  t a l l .  

SEASONAL GROWI'H 

Seasonal growth begins during the  f i r s t  spr ing  warm 
spe l l ,  even though minimum temperatures may s t i l l  be below 
freezing.  The f i r s t  evidence of  growth i s  vege t a t i ve  bud 
swelling and flowering, which occur simultaneously . Di ame- 
t e r  growth s t a r t s  a f t e r  maximum temperatures reach 70°F. o r  
more and minimum temperatures a re  above freezing. Temporary 
abrupt  i nc reases  and decreases i n  diameter growth i n  t he  
spring and f a l l  a r e  co r r e l a t ed  with sudden r i s e s  and f a l l s  
of temperature but not  with r a i n f a l l  ( 2 ) .  A s  i n  most spe- 
c ies ,  diameter growth ceases well before e i t h e r  moisture o r  
temperature become l imi t i ng  (24 ) .  I n  general ,  paper b i rch  
begins and ceases diameter growth l a t e r  than most of  i ts as- 
soc ia tes  (11).  

Seasonal height  growth, which a l so  begins before the  
threat  of f r o s t  is  over, s t a r t s  slowly i n  paper birch, r i s e s  
gradually t o  a peak of maximum growth i n  mid-June, and then 
drops o f f  gradually. Compared t o  other  species, paper birch 
has  a l ong  pe r iod  o f  h e i g h t  growth (43 ,  4 5 ) .  Seed l ing  
height  growth may be prolonged i n d e f i n i t e l y  under long-day 
condit ions,  whereas sho r t  days cause the  cessa t ion  o f  t e r -  
minal growth (25) .  

SAPLING STAGE 10 MATURITY 

Growth during ear ly  l i f e  i s  rapid. Individual t r e e s  
often a t t a i n  a diameter of  8 inches i n  30 years  (12 ) .  The 
growth r a t e  then begins t o  f a l l  o f f ,  and i n  o l d  age i t  be- 
comes almost negl ig ib le  (21) .  

Morta l i ty  i s  heavy throughout t he  l i f e  of a paper  
birch s tand.  Indiv idua l  t r e e s  express  dominance e a r l y  i n  
l i f e .  Unless suppressed t r ee s  a re  released ear ly ,  they soon 
& e. Intermediate t r e e s  survive longer, but gradually suc- 
cumb a f t e r  s t ruggl ing  along fo r  years  a t  a low growth ra te .  

Despite the high mor t a l i t y ,  paper b i rch  s tands  a r e  
usual ly dense. Not u n t i l  the t r e e s  become overmature does 



Figure 4. --The whiteness of  paper b i r ches  b r ings  
beauty t o  many a woodland scene. Once the papery 
white outer  bark is peeled o f f ,  i t  never grows back. 
Instead, a black scar  is l e f t .  

the continued mor t a l i t y ,  combined with crown decadence and 
reduced growth, r e s u l t  i n  a decrease i n  s tand  densi ty.  I n  
pure s tands,  reproduction of more t o l e r an t  spec ies  such a s  
spruce and f i r  then becomes f i rmly es tab l i shed .  I n  mixed 
s t ands ,  t he  a s s o c i a t e d  s p e c i e s  become i n c r e a s i n g l y  more 
prominent a t  the expense of  the paper birch. 

Paper b i r ch  i s  cons ide red  a s h o r t - l i v e d  spec i e s .  
Trees mature i n  about 60 to  75 years.  Few l i v e  longer than 
140 years .  ht an occasional t r e e  may reach an age of  200 
years. 



Figure 5 . - - A  f i n e  mature 16-inch paper birch i n  the  
Berkshires  o f  Massachusetts .  On t h e  b e s t  sites 
paper birch may grow to 30 inches  i n  diameter and 
100 f e e t  i n  height.  



Figure 6,. --The bark o f  paper b i r c h .  The creamy 
whiteness is marked with horizontal l en t i ce l s  . 

Mature paper b i r ch  t r e e s  grown under f o r e s t  condi- 
t ions  are t a l l e r  and be t t e r  formed than most of  t h e i r  asso- 
c i a t e s .  They have l o n g ,  c l e a r  l e n g t h s  up t o  t h e  f i r s t  
branches, with re la t ive ly  l i t t l e  taper.  Epicormic branching 
is common on weakened t r e e s  and on t r ee s  t h a t  have been ex- 
posed through logging. 

The root systems of paper birch a re  shallow but wide- 
spreading, and provide considerable res i s tance  to  windthrow 
(I). However, i n  s tands  opened up by thinning,  uprooting 
may occur,  p a r t i c u l a r l y  among the  t a l l e r ,  larger-crowned 
t r ee s  (38). 

Trees i n  mature stands average about 10 inches i n  di- 
ameter and 70 f e e t  i n  height .  Usual ly,  though, t h e r e  a r e  
many f ine  t r ee s  i n  the 12- t o  18-inch diameter c lasses  ( f i g .  
5 ) .  On the best  s i t e s  an occasional t r e e  i n  o l d  s tands may 
exceed 30 inches i n  diameter and 100 f e e t  i n  height .  The 
variety cordifolia grows as  la rge  as  40 inches i n  diameter.4 

'~asada, 2 A. Personal correspondence. 



Figure 7.--?he dying tops  a r e  a  s i g n  o f  decadence i n  
paper  b i r c h .  T h i s  c o n d i t i o n  o f t e n  develops  where 
c u t t i n g s  expose the  paper bi rch.  



Yields of  pure paper birch s tands  vary with age and 
s i t e  quality. Good s i t e s  i n  New England will produce around 
3,000 cubic f ee t  o r  31 cords i n  50 years. &I poor s i t e s  the 
yield may be somewhat l e s s  than 2,000 cubic f ee t  o r  20 cords 
(21) .  I n  Alaska, y i e ld s  a s  high a s  30 cords per  acre  have 
been reported (22) .  

Paper birch i s  ra ted  as  an i n to l e r an t  t r ee  (4 ) .  Among 
i t s  common a s s o c i a t e s  i n  t h e  Nor theas t  o n l y  aspen,  p i n  
cherry,  and gray b i r ch  a r e  more i n t o l e r a n t  (26 ) .  I n  the  
natural  succession, paper birch usually l a s t s  only one gen- 
e r a t i on ,  being replaced by more t o l e r an t  species .  In  t he  
northern Lake S t a t e s ,  however, i t  is a common component of 
the climax white spruce-balsam fir-paper  birch type (14, 18, 
56) .  And even i n  some o the r  a r ea s ,  i t  occurs  a s  a widely 
sca t te red  t r e e  i n  climax forests .  Iherefore,  a paper birch 
seed source i s  usually present.  

Paper birch responds r e l a t i v e l y  l i t t l e  t o  thinning. 
Growth r a t e s  w i l l  i nc rease ,  but  not  nearly so much a s  f o r  
most o ther  species. This low response i s  due i n  pa r t  t o  the 
f ac t  t h a t  the released t r e e s  usually a r e  those t h a t  had a l -  
ready been i n  a dominant position. 

'Ihinnings o r  o t h e r  c u t t i n g s  should always be made 
with care,  because a condition known a s  post-logging deca- 
dence of ten  develops where paper birches have been exposed 
by opening the  s tands ( f i g .  7) .  The symptoms include low- 
ered vigor, reduced growth, dying back of  twigs and branch- 
es ,  and, i n  many instances,  eventual death of the  t ree .  To 
prevent t h i s  decadence, th innings  should always be l i g h t ,  
removing no  more than a t h i r d  o f  t h e  b a s a l  a r e a  o f  t h e  
stand. Even a f t e r  such l i g h t  thinnings some decadence may 
s e t  i n ,  but recovery is  possible  (38). 

A closely re la ted  condition termed birch dieback has 
almost i den t i ca l  symptoms (32) .  'Ihe two a re  d i f f e r en t i a t ed  
i n  t h a t  b i r c h  dieback may occu r  i n  und i s tu rbed  s t a n d s ,  
whereas post- logging decadence i s  induced by opening t h e  
stands. I"uring the  1930's and 1 9 4 0 ' ~ ~  there  was widespread 
dying of both paper birch and yellow birch i n  eastern Canada 
and i n  Maine a s  a r e s u l t  of birch dieback. By 1951, an es- 
timated 67 percent  of  t he  b i rch  i n  Maine h a d  been k i l l e d  

(51 ) .  A t  p'resent l i t t l e  merchantable b i r ch  remains i n  the  
fo re s t s  of  the Canadian Maritime Provinces (54) .  



Despite considerable invest igat ion,  no one fac tor  has 
been de f in i t e ly  shown t o  be the cause o f  birch dieback. I t  
i s  known tha t  r o o t l e t  mor ta l i ty  usua l ly  precedes the  crown 
symptoms (28). I t  has been demonstrated t h a t  a r t i f i c i a l  
hea t ing  o f  t h e  s o i l  during the  growing season w i l l  cause 
r o o t l e t  mor t a l i t y  and symptoms s i m i l a r  t o  those of  b i r ch  
dieback (53, 54) ;  hence, i t  has been pos tu la ted  t h a t  c l i -  
matic changes leading t o  increased s o i l  temperatures could 
be the cause of t h i s  ma1 ady (33 ) .  Although no fungus o r  vi  - 
rus has ever been pos i t i ve ly  assoc ia ted  with birch dieback 
(30 ) ,  i t  remains a p o s s i b i l i t y  t h a t  some such organism is  
the causal agent (54). Recent evidence s t rongly  sugges ts  
t ha t  dieback i n  yellow birch, and presumably i n  paper birch,  
i s  caused by a v i r u s  i n f e c t i o n  r a t h e r  than  by c l i m a t i c  
changes (17). 

Usually a s soc i a t ed  with both dieback and decadence 
i s  an i n s e c t ,  the  bronze birch borer (Agr i l i s  anxius) ( 5 ) ,  
which of ten  k i l l s  weakened t r ee s .  During t h e  outbreak i n  
Maine i n  the  1940's i t  was considered very aggressive (51 ) .  
Yet most exper t s  do not  consider  i t  the  cause o f  dieback, 
although i t  may be a determining fac tor  i n  the death o r  r e -  
covery of t rees  (9). 

Figure 8.--Red h e a r t  i s  a s e r ious  defec t  i n  paper 
birch.  A d i sco lo ra t i on  t h a t  resembles heartwood, 
it is believed t o  be caused by pa ra s i t i c  organisms. 



A t  t imes  t h e  f o r e s t  t e n t  c a t e r p i l l a r  (MaZacasoma 
d i s s t r i a )  is  a ser ious  enemy o f  paper birch. Repeated a t -  
tacks a r e  especial ly in jur ious .  Annual growth may f a l l  be- 
low normal by a s  much a s  86 percent during the t h i r d  year of 
complete d e f o l i a t i o n  (10). Several  o the r  l e a f - e a t i n g  in -  
s e c t s  feed on paper birch,  but o rd ina r i l y  do l i t t l e  damage 
(19, 66). 

Except for  Alaska birch,  which is very susceptible  t o  
decay (22), vigorous s tands  of  paper birch contain l i t t l e  
defect.  The most important rot-causing fungi at tacking the 
species are Fomes igniar ius  and Poria  obl iqua (13). 

A defec t  t h a t  l i m i t s  the use of paper birch fo r  many 
s p e c i a l t y  products  i s  red h e a r t  ( f i g .  8 ) ,  a reddish-brown 
d i sco lo ra t i on  o f  t he  c e n t r a l  p a r t  o f  stems and branches. 
Although t h i s  condit ion resembles na tu ra l  heartwood, t he re  
i s  an abnormal difference i n  t ha t  red-heart  wood i s  wetter  
than the surrounding sapwood. Also, red hea r t  i s  much more 
e x t e n s i v e  than n a t u r a l  heartwood; sometimes i t  ex t ends  
through almost the  e n t i r e  c ross -sec t ion  of  the  bole. The 
condit ion i s  bel ieved t o  be caused by p a r i s i t i c  organisms 
(15). S ince  paper  b i r c h  i s  used  i n  t h e  manufacture o f  
tu rned  a r t i c l e s ,  f o r  which white  wood i s  p r e f e r r e d ,  t h e  
presence o f  red hear t  i s  objectionable. 

F i r e ,  which i s  responsible  f o r  the  establishment of  
many paper birch stands, i s  also one o f  the most ser ious en- 
emies o f  e s t a b l i s h e d  s tands .  Because the bark o f  paper  
birch i s  th in  and highly inflarimable, even l a rge  t r e e s  may 
be k i l l e d  by moderate f i r e s .  

No r a c e s  o f  paper b i rch  have been recognized, a l -  
though i t  is  qu i t e  possible t ha t  such races ex i s t .  

Polyploidy i s  very pronounced i n  paper birch and i ts  
var ie t ies .  B. papyrifera has 35 p a i r s  o f  chromosomes while 
i t s  v a r i e t i e s  have 28 to  42 (67). 



Hybridization i n  birches is rather  comnon. Among t h e  
n a t u r a l  hybr ids  a r e  Sandber g b i r ch  (Be tu la x sandbergi i 
B r i  t t on )  , Yukon b i rch  (Betula x eas twoodiae Sarg. 1, Horne 
birch (Betula x hornei Butler)  (463, and unnamed hybrids of  
paper birch with yellow and gray birch. * 

Paper birch has also been crossed experimentally with 
a number of  other  birches (39, 55, 67). One in t e r e s t i ng  hy- 
b r id  between gray birch and paper  b i rch  grows f a s t e r  than 
the paper birch parent ,  though slower than gray birch;  out- 
wardly i t  resembles a good type of paper birch (55). 

S ~ o h n s o n ,  Atbert  C. Personal correspondence.  
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This is m e  of a s e r i e s  of 15 s i l v i c a l  papers t o  be 
published by the  Northeastern Fo res t  Experiment S t a t i o n .  
The s e r i e s  w i l l  include papers on the following species: 

*Green ash 
*White ash 
Beech 

*Paper birch 
*Sweet birch 
*Yellow birch 
*Black cherry 

Red maple 
*Balsam f i r  
*Red spruce 
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'Eastern white pine 

*Pitch pine 
*Virginia pine 
*Atlantic white-cedar 
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