


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

times d i f f i c u l t  t o  f ind ,  To make t h i s  mater ial  
more r ead i l y  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  impor tan t  n a t i v e  f o r e s t  
t r e e  spec i e s  of the  United S t a t e s .  It i s  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. 

This  r epo r t  p resen ts the  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 in  the general 
manual but has been wr i t ten  with par t icu la r  r e f -  
erence t o  the species i n  the Northeast. Similar  
r e p o r t s  on o ther  species  a r e  being prepared by 
t h i s  Experiment S t a t i o n ,  and by severa l  of the 
o ther  regional  f o r e s t  experiment s t a t i o n s .  
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HE e a s t e r n  hemlock (Tsuga canadensis (L.) Car r . ) ,  a s  i ts  T 
common and s c i e n t i f i c  names imply, i s  a n a t i v e  of  t h e  

e a s t e r n  United S t a t e s  and ad jacen t  Canada. I t  i s  one of  t h e  
f o u r  North American spec i e s  of  t h i s  genus. The genus name 
means "yew-leaved" and i s  of  Japanese o r i g i n .  I n  1763 t he  
spec i e s  was named Pinus canadens i s  by Linnaeus. The genus 
was s epa ra t ed  from Pinus  i n  1847 by S. L. Endl icher  and t h e  
spec i e s  was named canadensis i n  1855 by t h e  French b o t a n i s t  
E l i e  A.  C a r r i e r e .  Other  common names a r e  hemlock, hemlock 
spruce, and Canada hemlock ( 4 1  ) . 

Eas te rn  hemlock i s  a medium t o  t a l l  t r e e  t h a t  reaches 
about 125 f e e t  i n  t o t a l  he igh t  and 36 t o  48 inches i n  diam- 
e t e r .  The crown i n  mature t r e e s  i s  u sua l l y  pyramidal with 
g r ace fu l  ho r i zon t a l  o r  drooping l e a d e r  and branches, many 
branched twigs, and f ea the ry  f o l i a g e  ( f i g .  1 ) .  The needles  
a r e  f l a t ,  p e t i o l ed ,  and appear two-ranked; they a r e  about 4 
inch  long, shiny green above with two white  l i n e s  below. 

The p r e sen t  bo t an i ca l  d i s t r i b u t i o n  o f  e a s t e r n  hemlock 
and t he  commercially o r  e co log i ca l l y  important  po r t i ons  of 
i t s  range (23, 4 1 ,  5 5 )  a r e  shown i n  f i g u r e  2 .  Or ig ina l  
s t ands  t h a t  su s t a ined  commercial ope ra t i ons  were found i n  
t h e  Canadain Maritime Provinces  and p a r t s  of  southern Ont- 
a r i o ,  t h e  New England S t a t e s ,  t h e  Lake S t a t e s ,  ( e s p e c i a l l y  
Michigan and Wisconsin). New York, Pennsylvania,  West V i r -  
g i n i a ,  and t he  mountains of  t h e  Appalachian reg ion .  The 
range o f  e a s t e r n  hemlock ove r l aps  t h a t  of  t h e  c l o s e l y  re-  
l a t e d  Ca ro l i na  hemlock ( Tsuga ca ro l  in iana Engelm) . 

The wood of  hemlock i s  moderately l i g h t  i n  weight:  28  
t o  32 pounds p e r  cub ic  f oo t  when a i r  d ry  ( 8 4 ) ;  p r a c t i c a l l y  
without  t a s t e  o r  odor, coarse-grained, moderately hard, rel- 
a t i v e l y  weak, e a s i l y  s p l i t ,  s u b j e c t  t o  wind-shake, non-dura- 
b l e  when exposed t o  moisture,  and low i n  shock r e s i s t ance ,  



but  has good nai l-holding power. The buff t o  l i g h t  red- 
colored heartwood has d i s t i n c t  annual r i ngs  with t h e  s o f t  
springwood merging gradual ly  i n t o  t he  narrower, harder,  and 
darker  summerwood (5, 8 4 ) .  Compression wood is  o f t e n  noted 
i n  t h e  e a r l y  growth r i n g s  ( 4 9 ) .  

Eastern hemlock i s  used c h i e f l y  f o r  lumber and paper 
pulp. Minor amounts a r e  used f o r  r a i l r o a d  t i e s  and f u e l .  
Hemlock bark conta ins  10  t o  1 3  percent  tannin  and i n  t he  
pas t  was an important source of tanning mater ia l .  A t  one 
time t h e  tanback was much more valuable than t h e  lumber, and 
hemlock t r e e s  were f e l l e d  f o r  bark alone, t he  t runks being 
l e f t  t o  r o t  i n  t h e  woods (2  0) . Under today's  economic con- 
d i t i o n s  most of our  tanning ma te r i a l s  a r e  imported, and 
l i t t l e  domestic hemlock bark i s  used f o r  t h i s  purpose (5, 
70). 

Hemlock lumber i s  used mostly i n  bui ld ing  construc- 
t ion,  including houses and barns, and the  l i k e .  I t  i s  a l s o  
used i n  p re fab r i ca t ed  housing and panels,  f o r  g r a i n  doors i n  
f r e i g h t  cars ,  p a l l e t s ,  and f u r n i t u r e .  Smaller amounts a r e  

Figure 1.--Gracefully drooping branches and feathery 

foliage are characteristic o f  the eastern hemlock. 



Figure 2. 
The natural 
range o f  
eas tern 
hemlock. 
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used fo r  pat terns  and flasks,  general millwork, signs, and 
flooring.  

The peak of eastern hemlock lumber production Was 
reached i n  1906 with a cut  of 3,431,000,000 board-feet o r  
about 9 percent of the t o t a l  lumber cut i n  tha t  year i n  the 
United S ta tes .  The cut  declined gradually from 1906 t o  1932, 
reaching a low of 138 mill ion board-feet during the  Depres- 
sion.  Production has averaged about 500,000,000 board-f ee t  
during the  decade 1940-50. Most of the eastern hemlock lum- 
ber cut  today comes from the  Lake Sta tes .  The same i s  t rue  
fo r  the annual pulpwood cut, which amounts to  about 400,000 
cords (equivalent t o  120,000,000 board-f ee t ) ,  mostly from 
Wisconsin and Michigan (5) .  

I n  addit ion to i ts  use i n  commerce, hemlock i s  a val- 
uable ornamental plant, hedge shrub, Christmas tree,  and 
watershed cover, and i t  provides food and cover fo r  wi ld l i f e  
( 1  0, 4 6 ,  8 6 ) .  Swartley 1 i n  1939 l i s t e d  63 hor t i cu l tu ra l  
v a r i e t i e s  o r  clones. This evergreen adds beauty and var ie ty  
to our hardwood fo res t s  a t  a l l  seasons of the year. 

' ~ w a r t l e y ,  J.C. Canada hemlock and i t s  v a r i a t i o n s .  U l p u b l i s h e d  t h e s i s ,  381 
pp., i l l u s . ,  1939. G r n e l l  U n i v e r s i t y  Library,  I t h a c a ,  N.Y. 



C L I M A T I C  & M I C R O C L I M A T I C  

The cl imate throughout the  commercial range of hem- 
lock is predominantly humid and cool, with moisture adequate 
a t  a l l  seasons. The botanical range a lso  includes Some 
warmer regions a t  lower elevations i n  the Middle West and 
Appalachians. Local areas of r e l a t ive ly  high precipi ta t ion 
i n  the Adirondacks and southward a r e  a l so  favorable t o  hem- 
lock (78). 

A t  the l i m i t s  of i ts  range, hemlock is found i n  lo- 
c a l i t i e s  with as  low as  28 inches average annual precipita-  
tion, and only 16 t o  18 inches average growing-season pre- 
c ip i t a t ion .  Throughout the  chief commercial range the  aver- 
age annual p rec ip i t a t ion  is 32 to  over 56 inches, with 20 t o  
over 32 inches f a l l i n g  during the growing season (83). 

Temperatures range from January averages of 10°F. i n  
the north t o  42°F. i n  the south. Growing-season temperatures 
a r e  indicated by July averages of 60°F. i n  Maine and Canada 
t o  78"~. i n  p a r t s  of the southern Appalachians. Length of 
growing season var ies  from 80 days o r  l e s s  i n  the north t o  
200 days along the At lant ic  Coast, the  Middle West, and 
points south (83) . 

Hemlock i n  groups o r  stands possesses the s i l v i c a l  
cha rac te r i s t i c  of producing an exceptionally dense canopy. 
A s  a r e s u l t  the microclimate beneath henlock d i f f e r s  from 
the regional o r  open-station cl imate and from tha t  of adja- 
cent hardwood stands, especial ly during the growing season 

(13, 1 9 ,  2 0 ,  2 1 ,  2 2 ,  35, 5 2 ,  61, 69)'. Hemlock stands develop 
s imi lar  microclimate even though growing i n  d i f fe ren t  l a t i -  
tudes, elevations, physiography, and loca l  s i t e s .  Beneath a 
hemlock canopy the microclimate i s  cooler and there  is l e s s  
evaporation during the growing season than i n  adjacent hard- 
wood stands of s imi lar  age on s imi lar  topography. Hemlock 
f o r e s t s  300 miles apart  have a c loser  resemblence, with re- 
spect  to  evaporation as  measured by use of atmometers, than 
hemlock and hardwood stands 300 yards apart  (52). 

S O I L  F A C T O R S  

The zonal s o i l s  on which hemlock occurs throughout 
most of i t s  botanical  range a re  the podzolic, brown pod- 
zolic,  and gray-brown podzolic groups. Hemlock i s  found 
a lso  on humid-region azonal l i t h o s o l s  o r  shallow so i l s ,  Such 



a s  peat and muck, and groundwater podzols o r  half-bog s o i l s  
i n  Maine, the Lake States,  and adjacent Canada. A t  the 
southern extreme of i t s  range hemlock is  loca l ly  found on 
the gray-brown podzolic, l i thoso l s ,  and red and yellow pod- 
z o l i c  l a t e r i t i c  zonal s o i l  groups of the Appalachians (82 ) .  

From Canada and the Lake S ta tes  i n t o  the Middle A t -  
l a n t i c  region, the s o i l s  tha t  support hemlock have develop- 
ed largely from g l a c i a l  o r  f luv ia l  materials;  below the gla- 
c i a l  l i m i t s  the  parent materials  may be residual ,  colluvial ,  
o r  a l luv ia l .  The species i s  very adaptable; i n  the North- 
eas tern  S ta tes  and Canada i t  grows on rocky, acid s o i l s  ( 32 ,  
3 3 )  and on l o m s  and s i l t  loams of circumneutral reaction.  
I n  the Lake S ta tes  i t  occurs on upland loams and sandy l o m s  
as well as  on moist benches, f l a t s ,  and swamp borders tha t  
a r e  l e s s  well-drained and heavier i n  texture  (1  7, 89) .  In  
the  Appalachian Mountains, hemlock grows bes t  on deep f er- 
t i l e  loams of a l l u v i a l  o r  col luvia l  origin,  though i t  is 
found a lso  on shallow and rocky s o i l s  ( 2 3 ,  6 1 ) .  The high 
ac id i ty  of hemlock l i t t e r  f o s t e r s  leaching o r  podzolization 
of the upper s o i l  layers  when the species predominates over 
long periods under a cool moist climate ( 6 3 ,  6 4 )  . Because 
of the high ac id i ty  and slow decomposition of the l i t t e r ,  
the  upper s o i l  horizons under hemlock stands tend t o  be 
strongly acid.  Even where the s o i l s  a re  derived from basic  
geologic materials, the upper layers  commonly w i l l  be acid. 

P H Y S I O G R A P H I C  

Although hemlock generally tends t o  be more abundant 
and t o  th r ive  b e t t e r  on the  moister than on the dryer s i t e s ,  
i t  may be found on nearly a l l  physiographic s i tua t ions  i n  
i t s  commercial range except near timberline ( 8 ) )  i n  swamps, 
and i n  some coasta l  areas. A t  i ts northeastern l i m i t s  i n  
Canada, i t  is absent from a narrow coasta l  s t r i p  on the 
north shore of the Bay of Fundy and along the  At lant ic  coast  
of Nova Scotia.  I t  is absent a lso  from the highlands of 
northwestern New Brunswick and Cape Breton Island.  

On the  Northern Peninsula of Michigan, hemlock goes 
to  the top of the Porcupine Mountains a t  2,000 f e e t  eleva- 
t ion  (7,  1 2 ,  1 7 ) ;  probably proximity t o  Lake Superior is  a 
favorable fac tor  i n  t h i s  area near the  northern l i m i t  of m e  
species '  range. I n  the  southern Appalachians, hemlock is  
found mostly i n  the 2,000 t o  5,000-foot elevation b e l t  ( 3 8 ) .  
I t  occurs on a l l  topography from 1,000 t o  3,000 fee t  on the 
dissected Allegheny Plateau ( 7 ,  8, 3 6 ) .  

I t  is i n  the  westward and southern extensions of i t s  
range tha t  physiographic and associated fac tors  r e s t r i c t  the  



occurrence of hemlock t o  t he  g r e a t e s t  degree. I n  such areas  
of below-optimum climate, hemlock i s  confined t o  moist, 
cool, va l leys ,  nor th  and e a s t  slopes, coves, benches, and 
s ides  of rav ines  o r  hollows under c l i f f s  (23, 39, 6 8 ) .  I n  
t he  lower Piedmont of  North Carol ina a r e l i c t  s tand  of hem- 
lock has p e r s i s t e d  on north-facing b lu f f  topography because 
of c e r t a i n  s o i l  and physiographic f a c t o r s  (61). S tudies  of 
hemlock o u t l i e r s  i n  Indiana (13, 19,  20) and i n  North 
Georgia and Alabama (51) l ikewise  show the  importance of  
physiography near t h e  l i m i t s  o f  t h e  spec i e s '  range. 

B I O T I C  

Hemlock i s  found i n  both t he  northern and c e n t r a l  
f o r e s t  regions ( 4 7 1 ,  and i n  a l a r g e  number of ind iv idua l  
cover types (71) . The r e l a t i onsh ips  of region, l i f e  zone 
( p l a n t  and animal), na tu ra l  t r e e  assoc ia t ions ,  and cover- 
type groups, i s  shown i n  t h e  following tabula t ion :  

L i f e  zone 
Br 

f o r e s t  
region 

Canadlan 
o r  

Northern 
~~~~~t 

Carolinian 
o r  

Central  

G 

Rela t ive  
importance 
of hemlock 
component 

Minor t o  f a i r l y  
important. 

Very important; 
typ ica l  region 
of o r i g i n a l  and 
present hemlock 
fores t .  

Minor i n  most 
of area but  may 
be l o c a l l y  
important. 

Very minor; 
l o c a l  on favor- 
ab le  cove s i t e s .  

Natural f o r e s t  
formations o r  

t r e e  assoc ia t ions  

Spruce-f ir 

Northern hardwoods- 
hemlock; Allegheny 
hardwoods-hemlock; 
(Beech-birch-maple- 
hemlock) 

Mixed oek-hickory; 
yellow-poplar 

Shortleaf pine- 
Virg in ia  pine-oak 

SAF 
cover- 

type 
groups 

30-36 

22-29 
& 60 

52-59 

75-79 

Geographic 
extent 

Canada, Lake Sta tes ,  
New England, New York 
(mountains), West 
Virg in ia  and south i n  
Appalachian Mountains 

Canada, Lake Sta tes ,  
New England, New York 
Pennsylvania, Ohio, 
West Virg in ia  and 
south i n  Appalachian 
Mountains below t h e  
spruce-f ir 

Southern Leke Sta tes ,  
Southern New England, 
Central  New York, New 
Jersey, Pennsylvania, 
Maryland, West 
Virginia,  Ohio, & 
Kentucky, and south 
t o  northern Alabama 
& Georgia 

New Jersey, Delaware, 
Maryland, West Virginia, 
North Carolina, eastern 
Kentucky, eas te rn  
Tennessee, and south t o  
northern Alabama 5 
Georgia. Generally on 
d r i e r  s i t e s  than mixed 
oak-hickory-yellow 

Poplar 



White-tailed deer  on depleted ranges may severely 
browse hemlock during the  winter months. Repeated browsing 
can s t u n t  o r  k i l l  small seedl ings  and sapl ings  ( 7 6 ) .  Damage 
is espec ia l ly  pronounced i n  hemlock th i cke t s  i n  va l l ey  bot- 
toms used a s  winter  s h e l t e r  by deer .  The Canada porcupine 
wounds l a r g e r  t r e e s  by gnawing bark and sometimes k i l l s  
smaller  ones by branch-pruning ( 7 4 ) .  Red squ i r r e l s ,  mice, 
chipmunks, and some b i rd s  e a t  hemlock seed ( 4 6 ,  8 6 ) .  Some 
damage i s  done by t h e  snowshoe r abb i t  o r  varying hare  during 
population peaks ( 1  8 ,  28 )  . 

Two spec ies  of hemlock loopers, Lambdina fiscellaria 
fisce 1 laria and L .  athasaria athasaria, may d e f o l i a t e  hem- 
lock and sometimes cause sporadic o r  l o c a l  t r e e  mor ta l i ty  
( 8 7 ) .  Of 24 i n s e c t s  having hemlock a s  a host,  these two 
loopers  and the  hemlock borer ,  Me lanophi la fulvogut ta t ta, 
which usua l ly  a t t acks  only weakened t r ee s ,  a r e  t he  only 
spec ies  of economic importance ( 1 2 ) .  

Disease organisms of economic importance i n  causing 
death o r  decay lo s se s  i n  l i v i n g  t r e e s  a r e  r e l a t i v e l y  few f o r  
ea s t e rn  hemlock ( 6 ) .  Heart r o t  i s  caused by the  red r i n g  
r o t  fungus Fomes pini ( 6 2 ) ,  t h e  ve lve t  top fungus Polyporus 
schweinitz i i, t h e  brown b u t t  r o t  Po lyporus ba lsameus, and 
the  white roo t  conk Poria subacida. Occasionally damage is 
done t o  weakened t r e e s  by the  honey fungus o r  shoes t r ing  r o t  
Armillaria inellea ( 6 7 ) .  Rarely found on l i v i n g  hemlock a r e  
t h e  red b e l t  fungus Fomes pinicola, t he  ru s ty  conk Polyporus 
gi lvus, and Polyporus borealis. Access po in t s  f o r  fungi a r e  
afforded by porcupine scars ,  sunscald wounds ( g o ) ,  and rad i -  
a l  s t r e s s  cracks due t o  wind and f r o s t . 2  

S E E D I N G  H A B I T S  

F l o w e r i n g  & F r u i t i n g  

D i f f e r e n t i a t i o n  of  male and female flower buds begins 
about J u l y  1 (New York and Pennsylvania) ; t h e  males a r e  
well-formed by t h e  end of July and the  females by October. 
Flowers appear from Apr i l  t o  e a r l y  June, depending on l a t i -  

2Hrmgh, A.F. The f o r e s t s  o f  the  Allegheny Plateau; t h e i r  ecology and s i l v i -  
culture.  Unpublished manuscript, 3 8 3  pp. ,  1941. Northeast. Forest Expt. Sta. 
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Figure 3 --Cones of e a s t e r n  hemlock. Mature cones 
open when dry  and c lose  when wet ,  so seed d i spersa l  
i s  i n t e r m i t t e n t ,  occurring only  i n  dry weather. 

tude, e leva t ion ,  and seasonal  advance (23)  . Male and female 
f lowers a r e  found on t h e  same genera l  branch bu t  usua l ly  on 
d i f f e r e n t  shoots,  t he  male being i n  l e a f  a x i l s  of 2-year- 
old, o r  r a r e l y  3-year-old, shoots  and genera l ly  i n  c l u s t e r s  
(3, 1 6 ) .  P o l l i n a t i o n  i s  by wind (56). 

S e e d  P r o d u c t i o n  & D i s s e m i n a t i o n  

After  f e r t i l i z a t i o n  the  female flower develops i n t o  a 
mature cone 1/2 t o  3/4 inches long, by September o r  October 
( f i g .  3). Only about 20 s c a l e s  i n  t he  c e n t r a l  p a r t  of t he  
cone bear  seed. 3 

The small winged seeds a r e  shed during t h e  f a l l  and 
winter  following cone maturi ty ( f i g .  4 ) .  The cone s c a l e s  
a r e  hygroscopic, which causes them t o  open when dry and 
c lo se  when wet. Seed d i spe r sa l  t he re fo re  is in t e rmi t t en t ,  

3 ~ r e n t i s s ,  A l b e r t  N . ,  and G r i f f i t h ,  Edmrd M. 'Ihe hemlock (Tsuga canaden- 
s i s ) .  I t s  h i s t o r y ,  b i o l o g y ,  and economy. Unpublished manuscript ,  1908. Copy 
on f i l e  i n  N a t i o n a l  A r c h i v e s ,  Washington, DC. 
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occurr ing only i n  dry weather and p a r t i c u l a r l y  during dry 
windy  period^.^ This favors  wide d i spe r sa l .  Judging from 
s tud ie s  of western hemlock, d i s p e r s a l  up t o  4,500 f e e t  might 
be  expected i n  a 20-mile wind ( 3 7 )  . The bulk of t he  seed of 
course f a l l s  c lo se r  t o  t he  mother t r e e .  

Good seed crops occur every 2 o r  3 years  i n  mature 
s tands  (23)  . Trees f r u i t  when 20 t o  40 years  o l d  i n  the  
open and a t  30 t o  50 years  i n  moderate l i g h t  ( 5 0 ) .  Sup- 
pressed t r e e s  under a dense canopy do not  f ru i t - - regard less  
of  age. Mature, dominant, old-growth t r e e s  continue t o  pro- 
duce cones abundantly up t o  450 o r  more years  of age ( 3 6 ) .  

The number of cleaned seeds per  pound v a r i e s  from 
132,000 t o  360,000, with an average of 187,000 (85) . 

V E G E T A T I V E  R E P R O D U C T I O N  

Hemlock does not  sprout  na tu ra l l y .  Vegetat ive propa- 
ga t ion  by layers ,  shoot cu t t ings ,  o r  g r a f t i n g  i s  not  prac- 
t i c e d  a s  a r u l e  except f o r  h o r i t c u l t u r a l  uses .  Hort icul-  
t u r i s t s  successfu l ly  g r a f t  c lona l  v a r i e t i e s  t o  propagate 
ornamentals. Bud o r  shoot g r a f t s  a r e  used. Layering i n  
na ture  i s  very rare,' though i t  has been noted i n  a few 
cases.4 I n  general,  hemlock r o o t s  r ead i ly  from shoot cut-  
t i n g s  properly t r ea t ed .  Use of auxins increases  success 
f 7 7 )  

'~chreiner, E J. Personal communication, 1956. 
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Figure 4. 
The small  winged 
seeds a re  shed 
dur ing  the  f a l l  
and w in t e r  a f t e r  
cone m a t u r i t y .  



S E E D L I N G  D E V E L O P M E N T  

The germination of eastern hemlock seed commonly is 
low (20 t o  30 percent), but usually can be increased t o  40 
t o  60 percent by s t r a t i f i c a t i o n  i n  moist sand o r  peat  moss 
fo r  60 t o  100 days a t  30 to  40°F. ( 2 ,  2,  3 ,  4 )  . In  nursery 
culture, f a l l  sowing i s  recommended because dry storage a t  
room temperatures causes rapid loss  i n  v i a b i l i t y .  Storage 
i n  sealed containers a t  low temperatures (41°F.) retained 
v i a b i l i t y  f o r  4 years (46 percent) but p rac t i ca l ly  no seed 
germinated a t  6 years ( 3 ) .  

Natural dissemination of seed, from September through 
the winter, r e s u l t s  i n  cold moist s t r a t i f i c a t i o n  on the  
ground o r  fo res t  f loor .  Seed germinates from March o r  April 
i n  the South u n t i l  l a t e  June o r  even July i n  the North. 
Germination follows the epigeous pat tern  (85 ) .  

Hemlock germination and i n i t i a l  survival  a re  most 
successful on shaded, moist, cool s i t e s .  Given such s i t e  
conditions, the prerequis i tes  f o r  good germination a re  seed 
s t r a t i f i c a t i o n  and su i t ab le  temperatures. There is good 
evidence tha t  germination i s  influenced by length of day 
(59),  and a lso  by the  in teract ion of photoperiod and temper- 
a ture  (60, 7 2 ) .  Favorable seedbeds a re  moist, well-decom- 
posed l i t t e r ,  ro t t ed  wood, mineral so i l ,  and moss mats on 
s o i l  o r  on rocks ( I  7, 36) . Mineral so i l ,  however, is  l e s s  
favorable than the o ther  media f o r  i n i t i a l  survival  because 
the t iny seedlings a r e  suscept ib le  t o  washing-out o r  mud- 
ding-under i n  heavy rains, and t o  f rost-heaving . 

Detailed observations on the  location of establish- 
ment of a l l  hemlock on 10 acres of v i rg in  fo res t  i n  Pennsyl- 
vania showed tha t  76 percent of t r ees  1 inch d.b.h. and 
larger  or ig inated on s o i l  of normal r e l i e f ,  16 percent on 
upturned mineral s o i l ,  5 percent on ro t t ed  wood, and 3 per- 
cent on large  rocks. More t r e e s  originated on ro t t ed  wood 
and mineral s o i l  on dry s i t e s  than on well-watered s i t e s .  * 

Seedling development during the f i r s t  growing season 
i s  slow, the shoot reaching a length of 1.0 to  1.3 inches by 
autumn. The three  seed leaves a re  replaced by a rose t t e  of 
8 to  12 needles about half  the  s i z e  of the needles on older  
t r ees .  The root  system a t  the end of the f i r s t  season con- 
s i s t s  of a shor t  taproot and a few l a t e r a l s ;  depth of tap- 
root  penetrat ion may be as much as  5 inches, but of ten  i s  no 
more than 1 inch.3 Root development i n  succeeding years i s  
primarily i n  the  l a t e ra l s ,  and the taproot soon loses  i t s  
iden t i ty .  

Early survival  of hemlock seedlings depends upon con- 



t inuous a v a i l a b i l i t y  of moisture i n  t h e  upper s o i l  horizons 
through the  growing season, and upon adequate l i g h t .  Trench- 
ing  experiments under f o r e s t  canopies have shown t h a t  mois- 
t u r e  i s  t h e  more c r i t i c a l  f a c t o r  except perhaps i n  t he  
densest  shade. Under average canopies, when p l o t s  were 
f reed  from the  moisture-depleting e f f e c t s  of  r o o t s  from the  
overs tory  t rees ,  hemlock seedl ings  and many o the r  p l a n t s  
th r ived  desp i t e  t he  shade (79) .  The importance of s o i l  
moisture shows up p a r t i c u l a r l y  on dry s i t e s  o r  i n  regions of  
r e l a t i v e l y  low r a i n f a l l .  There i s  considerable evidence 
tha t ,  i n  these  places,  hemlock establ ishment  is periodic,  
occurr ing i n  s u b s t a n t i a l  numbers only during years  of grea t -  
e r  than normal r a i n f a l l  (19, 2 0 ,  2 4 ,  2 5 ,  2 6 ,  3 6 ,  4 2 ,  6 1 ) .  

Hemlock seedl ings  have a  very low l i g h t  requirement. 
I n  f ac t ,  establ ishment  is much b e t t e r  i n  shade than i n  f u l l  
sun, one reason being t h a t  i n  sun the  s o i l  o f t e n  d r i e s  o u t  
below t h e  depths reached by the  shallow seedl ing  roo t s .  I n  
medium t o  heavy shade, s o i l  des icca t ion  i s  reduced much more 
than seedl ing  v igor ;  with l i g h t  a s  low as 20 percent  of f u l l  
sunl ight ,  hemlock seedl ings  commonly w i l l  grow with s u f f i -  
c i e n t  v igo r  t o  maintain t h e i r  r o o t s  below the  l e v e l  of sur-  
f  ace s o i l  drying ( 4 2 ) .  

Fu l l  sun l igh t  i s  de t r imenta l  t o  seedl ing  e s t ab l i sh -  
ment, by causing d i r e c t  hea t  i n ju ry .  Heat l e s ions  on the  
young stems may r e s u l t  from exposure t o  t he  sun on any kind 
of  seedbed, bu t  a r e  most severe  on dark-colored, organic 
seedbeds of poor conduct iv i ty .  Here, even b r i e f  exposure 
can bu i ld  up sur face  temperatures t o  a s  high as  165'F. With 
young, un l ign i f i ed  seedl ing  stems, such temperatures a r e  
l e t h a l  (58, 8 0 ) .  

Hemlock seedl ings  a r e  sub jec t  t o  damping-off and 
root - ro t  fungi,  both i n  n a t u r a l  seedbeds and i n  t h e  nursery 
( 5 8 ) .  I n  a  hardwood fo re s t ,  t he  slow-growing seedl ings  a l so  
a r e  sub jec t  t o  smothering under hardwood l e a f  f a l l  during 
the  f i r s t  3 t o  5 years  of t h e i r  l i f e .  

S A P L I N G  S T A G E  T O  M A T U R I T Y  

The cool, moist condi t ions  and shade t h a t  favor  hem- 
lock seedl ing  establ ishment  a r e  equal ly favorable  f o r  t he  
subsequent development of  t he  seedl ings  and sapl ings .  HOW- 
ever, as  roo t  systems become well e s t ab l i shed  and stems be- 
come woody, t he  young t r e e s  can withstand considerable ex- 

S ~ t r o m ,  C. E. Hemlock regenerat ion s t u d i e s .  Unpublished manuscript, 1941. 
Northeast.  Fores t  Expt. Sta .  



posure. They may t h r i v e  i n  small f o r e s t  openings o r  along 
a woods edge i n  f a i r l y  s t rong  l i g h t ,  provided t h e  s o i l  i s  
moist and t a l l e r  t r e e s  a r e  c lo se  by t o  temper drying winds. 
The spec ies  has r e l a t i v e l y  low mineral n u t r i e n t  requirements. 

Hemlock is remarkably t o l e r a n t  of  low l i g h t  inten-  
s i t i e s .  A s  l i t t l e  a s  5 percent  of f u l l  sun l igh t  w i l l  enable 
o lde r  seedl ings  t o  l i ve ,  though growth w i l l  be neg l ig ib l e  
( 9 ,  27 ) .  I n  na tu ra l  s tands  advance-growth hemlock o f t e n  
undergoes periods of  suppression ranging from 25 t o  over 200 
years  ( 3 6 ) .  Under a hemlock-beech f o r e s t  a seedl ing  may 
take 40 t o  60 years  to reach a height  of 6 f e e t ,  while  those  
growing under somewhat l i g h t e r  canopies may r equ i r e  only 20 
t o  30 years  t o  reach the  same height  ( 3 0 ) .  Despite  suppres- 
sion, such understory sap l ings  f o r  the  most p a r t  a r e  well 
formed, with f a i r l y  f u l l  crowns. The competi t ive a b i l i t y  of 
hemlock i n  a v i r g i n  s tand  i s  b e t t e r  over  a long time period 
(200 t o  400 years)  than t h a t  of any assoc ia ted  t r e e  spec i e s  
( 2 9 ,  3 6 ) -  

Under severe suppression, hemlock sapl ings  may not  
form a growth r ing,  o r  a t  l e a s t  not  a complete r ing ,  every 
year .  I n  one study i n  a v i r g i n  stand, cross-dat ing showed 
10 t o  40 r i n g s  missing a t  roo t - co l l a r  l e v e l  over a 123-year 
period of suppression (81) . 

Hemlocks l e s s  than 1 inch d.b.h. a r e  sometimes over 
100 years  o ld  and 2- t o  3-inch sapl ings  may be a s  much as  
200 years  o ld .  One 10.3-inch t r e e  i n  a dense v i r g i n  s tand  
examined by t h e  author  was 359 years  o l d ;  neighboring t r e e s  
of about t h e  same age but  of dominant crown c l a s s  were 24 t o  
36 inches i n  diameter ( 3 6 ) .  

Vigorous seedl ings  and sapl ings  i n  l i g h t  t o  medium 
shade may grow 8 t o  12 inches pe r  year  i n  he igh t3 ;  i n  f u l l  
sun, with ample s o i l  moisture, t he  growth may be  18  inches 
o r  more. Understory s ap l ings  respond well t o  r e l e a s e ;  a f t e r  
removal of t h e  overs tory  they may put  on 4 inches of  diam- 
e t e r  increment pe r  decade. Such re leased  t r e e s  continue 
r ap id  growth and o f t e n  become dominant ( 3 4 ) .  According t o  
Marshall ( 4 5 ) )  hemlocks with a h i s t o r y  of suppression and 
r e l e a s e  make b e t t e r  f i n a l  growth than those f r e e  t o  grow 
from the  s t a r t .  

The v igor  and r a p i d i t y  of response t o  r e l e a s e  i s  re- 
l a t e d  t o  crown development of t he  ind iv idua l  t r e e :  those 
wi th  f a i r l y  f u l l  crowns a t  t h e  time of r e l e a s e  o f t e n  respond 
t h e  f i r s t  year  ( 3 4 ) ;  i n  those with a live-crown r a t i o  be- 
tween 33 and 50 percent,  t h e  response may be delayed a few 
yea r s ;  those with a live-crown r a t i o  of 25 percent  o r  l e s s  



Figure 5 . - -A  mature stand of hemlock i n  western 
Maryland. Hemlock grows t o  125 feet i n  height 
and 48 inches i n  diameter. 



usual ly  a r e  very slow t o  respond.6 Hemlocks under hardwoods 
commonly have b e t t e r  crowns and respond t o  r e l e a s e  more 
promptly than those t h a t  have grown under o ther  hemlocks. 

A t  maturi ty,  hemlock may reach l a r g e  s i z e  and g r e a t  
age. The record f o r  age is 988 years ;  f o r  d.b.h., 84 inches;  
and f o r  t o t a l  height ,  160 f e e t  ( 2 3 ,  5 3 )  .37 These t r e e s  
were i n  o r i g i n a l  old-growth s tands .  Even a t  t he  c r i t i c a l  
northern, western, and southern l i m i t s  of i t s  range, hemlock 
grows t o  commercial s i z e  ( 7 ,  1 2 ,  1 3 ,  2 3 ,  5 1 ,  6 8 1 . ~  

Hemlock i s  r e l a t i v e l y  shallow rooted (23) .3 Conse- 
quently, on a given s i t e ,  i t  tends t o  be  moTe subjec t  t o  
drought i n ju ry  than some assoc ia ted  spec ies .  Severe droughts 
may cause appreciable mor t a l i t y  ( 3 1 ,  48, 67, 7 3 ) .  I t s  shal-  
low root ing  hab i t  a l s o  i s  a f a c t o r  predisposing t o  uprooting 
by wind ( 1  7 ,  36, 7 5 ) .  Windthrow occurs  most f requent ly  on 
wet s i t e s  and on shallow o r  slow-draining s o i l s  t h a t  become 
waterlogged during heavy r a i n s .  Trees t h a t  have become 
s t i l t - roo t ed ,  a f t e r  having s t a r t e d  on boulders,  o ld  logs, o r  
stumps, a r e  highly vulnerable t o  windthrow. 

Wind a l s o  causes r a d i a l  s t r e s s  cracks and windshake 
(cracks between growth r ings)  i n  some l a rge r - s i ze  hemlocks; 
these de fec t s  o f t en  a r e  assoc ia ted  with hea r t  r o t ?  Unlike 
many of i t s  assoc ia tes ,  hemlock i s  not much damaged by g l aze  
storms because of i t s  drooping f l e x i b l e  branches ( 1 5 ) .  

When mature hemlocks a r e  suddenly exposed, a s  by log- 
ging o r  windthrow of nearby t rees ,  they o f t e n  undergo in ju ry  
and some mor t a l i t y  ( 1 7 ) .  Probable f a c t o r s  a r e  sunscald ( g o ) ,  
damage t o  feeding roo t s  by increased s o i l  temperatures, and 
a t t ack  by the  hemlock borer, which i s  a t t r a c t e d  by weakened 
t r e e s  ( 1 1 ,  2 5 ,  26, 6 7 ) .  

Young hemlocks a r e  highly vulnerable t o  damage and 
death by f i r e ;  o l d e r  t r e e s  may surv ive  t h e  l i g h t e r  sur face  
f i r e s  by v i r t u e  of  t h e i r  th ick  bark, bu t  t h e  r o o t s  a r e  eas- 
i l y  in jured  by any f i r e  t h a t  burns deeper than t h e  loose  
sur face  l i t t e r .  Hemlock has been almost el iminated from 
many areas  i n  t he  p a s t  by f o r e s t  f i r e s .  Now, with more in- 
tens ive  f i r e  control ,  t he  spec ies  i s  holding i t s  own o r  is 
increas ing  throughout much of  i t s  range .' 

' ~ i e n s t a e d t ,  Hans. Personal communication, 1956. 

$artl ine,  D. S. Personal comnunication, 1939; t h i s  concerned a 969-year-old 
hemlock mentioned by T. M Cope i n  'The wilderness  o f  o l d  North hbuntain' rn 
Amer. Forests  42: 412-434, 1936. 

' ~ l s o n ,  Jerry S. Personal communication, 1956. 
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Hemlock i s  of ten  associated with white pine i n  stands 
tha t  have or ig inated a f t e r  f i r e ,  windthrow, o r  other catas- 
trophic disturbance (36, 43, 4 4 ,  53)) thus exhibit ing some 
t r a i t s  of a pioneer species. I n  contras t  t o  the pine, how- 
ever, the to le ran t  hemlock can a lso  s t a r t  under established 
fo res t  stands and slowly advance to a dominant posi t ion 
without benef i t  of a major disturbance, i n  t h i s  way behaving 
as a climax species (24, 29). On favorable s i t e s ,  commonly 
i n  associat ion with beech and sugar maple, i t  forms cl imatic 
climax associat ions capable of self-perpetuation (7 ,  22, 
29). I n  such stands the shrubby and herbaceous vegetation 
is notably sparse. 

On the  edge of i ts  range i n  Indiana and i n  the lower 
Piedmont of North Carolina, hemlock occupies s i t e s  in ter -  
mediate between the  climax beech-maple o r  beech and the oak- 
hickory type (19,  20, 21, 61). Foss i l  pollen p ro f i l e s  from 
the northeastern United S ta tes  indicate  tha t  hemlock was an 
important species during periods of At lant ic  Climate i n  the 
post-glacial  era  ( 7 ,  14) . 

Hemlock bark has been used i n  dye works as a source 
of a brown dye p r io r  to  the  development of synthetic dyes 
(10). O i l  of hemlock is d i s t i l l e d  from the needles and 
twigs f o r  medicinal use (5, 10, 66) .  The oleoresin of hem- 
lock from wounded t i ssues ,  knots, or  needles, has been used 
by the American Indians and ear ly  s e t t l e r s  as  a drug fo r  ex- 
t e rna l  poul t ices  known as " ~ a n a d a  pitch". A turpentine-l ike 
material  from hemlock res in  has been used as  a rubbing com- 
pound f o r  aching muscles. Hemlock bark ext ract  provides a 
powerful as t r ingent .  A p a s t e  of the boiled bark of young 
hemlock has been used by the Indians as  a wound dressing 
(2  0) 

For use as  ornamentals, many eas tern  hemlock var- 
i e t i e s  a re  cul t ivated i n  North America (65)) the B r i t i s h  
I s l e s ,  and Central Europe, Hemlock was introduced i n t o  
England as ea r ly  as  1736 (10) . 

The drooping character  of the terminal shoot of east-  
ern hemlock, which swings f ree ly  i n  the  wind and gradually 
turns up as the r e s u l t  of compression-wood production as the 
season advances, d i f f e r s  from the growth pat tern  of most 
orders of temperate conifers.  S t resses  between normal wood 



and compression wood were induced by gentle bending of 
frozen leaders and may be the start of shearing failures 
known as ring shakes ( 4 9 ) .  

No distinct races in eastern hemlock have been recog- 
nized by taxonomists. In view of the wide geographical dis- 
tribution of the species, it is highly probable that climat- 
ic-geographic races do exist. Heritable differences in 
characteristics of seed germination and development of seed- 
lings from regions of long growing season and short growing 
season have been reported (57 ,  59, 60, 7 2 ) .  

The horticultural varieties are sometimes given 
scientific names, usually trinomials; but these are orna- 
mental forms, or seed-variation clones, and are not the 
natural sub-species or varieties of the botanist. STANDARD- 
IZED PLANT NAMES lists 62 such horticultural types by common 
name (40) following swartley l and others. 

The so-called "white" and "red" hemlocks distinguish- 
ed by lumbermen on the basis of wood characteristics in vir- 
gin timber are regarded as variations related to site and 
growth rate, rather than to genetic differences ( 5 4 ) .  
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