
. '9 * B R I T I S H   C O L U M B I A   F O R E S T   S E R V I C E .  
'! 

N o . 4 0   V I C T O R I A ,  B . C . ,  CANADA 1966 

Silvics And Si lv icul  lodgepole Pine 

V '  

4. 

634.909 
711 

W BCMF 
RES 
RM 
40 
c. 2 "- 

In The North Central Interior 

Of British Col 
4 

+- * v.,,, .- 

b 

A Problem Analysis 
By 0. Armit 

FOREST  SERVICE 
DEPARTMENT Of LANDS,  FORESTS, AM0  WATER  RESOURCES 



V 

ABSTRACT 

U 

This  problem  analysis  deals  briefly with  the  history of 
Lodgepole  pine  utilization,  management  and  silviculture  in  north 
central  British  Columbia,  in which  the  author  predicts  that  within 
the  next  decade  radical  changes  in  utilization  and  harvesting  tech- 
niques wi l l  necessitate  intensive  silvicultural  practices to ensure 
adequate  regeneration. He refers  to the meagre knowledge of the 
ecology of this  region  and  reviews  literature  on  silvics,  ecology 
and silviculture  likely to be applicable to the local  environmental 
conditions. He then proposes  studies  urgently  required, and 
s t resses  the  need to investigate  all  aspects which a re   c r i t i ca l  to 
regeneration  even though such  studies  only  confirm  the  value of 
existing  information to this  specific  area. He concludes  with  pro- 
posing a ten  year  programme to be undertaken by the B. C. Fores t  
Service  and a l ist  of additional  studies  worthy of the  attention of 
other  research  organizations  in B. C. 
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Over  the  past 25 years,  expansions  in  settlement  and  industrial 
development of north-central  British  Columbia have  been  paralleled by 
greater  utilization of the forest  resources.  Today,  most of this  region 
is under  some  form of sustained  yield  management  and  the  actual  cut 
volumes  approach  or  exceed  allowable  cut.  This  development  has 
encouraged  forest  industries  and  government  agencies to seriously  con- 
sider  methods  for  obtaining  increased  production, by improved  utilization 
of the  available  timber  allotments  and by utilization of stands  and  tree 
species  previously  considered  uneconomic. 

In the  north-central  region,  as  improved  utilization  and  market 
outlets  make  it  more  economically  feasible to  exploit small  timber , con- 
siderable  attention  has  been  focused on  the large  areas  bearing  lodgepole 
pine  stands.  Recent  trends in forest  utilization  and  announced  develop- 
ment  plans of several  industrial  organizations , particularly  in the  pulp 
and  paper  industry,  indicate  that  rapid  chages  can  be  expected  in wood 
utilization,  over  the  next  decade.  It is  probable  that  these  changes wi l l  
greatly  increase  the  importanc e of lodgepole  pine to the  economy of the 
region,  and  the  level of exploitation of this  species. 

With such  changes,  however,  there w i l l  be  also  greater  urgency 
for  silvicultural  management of the  lodgepole  pine resources  and  for  the 
necessary  silvical knowledge required  to  implement  sound  management 
practices  and  policies. 

Although lodgepole  pine is to be  found  throughout  the  province 
and  vast  tracts  in the Interior  are  covered  with  almost  pure  stands of 
this  species , almost no silvical  studies  or  management  research  have 
been initiated. In this  province, blessed wi th  large  volumes of other 
species  with  much  greater  economic  exploitability,  government  and  in- 
dustry  have  generally  ignored  this  species  until  pressures of utilization, 
industrial  development,  and  sustained  yield  management  have  forcibly 
focussed  attention on the  need  for  research  into  the  problems of silvics, 
economics , and  management of lodgepole  pine. 

As a result ,   our knowledge of lodgepole  pine is based  on  sub- 
jective  observations and research  investigation  outside  the  province, 
primarily  in  Alberta and north-western United  States.  Information  also 
comes  from  Europe,  where  exotic  plantations of lodgepole  pine  have  been 
established  for  some  decades. While many  of  these  studies  provide 
valuable  information,  there is great  need to determine  their  applicability 
within  British  Columbia  and  its  various  forest  regions. 

. . . .  . 

This  study w a s  recorded  as E. P. 602, file 0245115 
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As a prerequisite to silvicultural  practices  in  lodgepole pine -i 
types,   i t   is  the  purpose of this  problem  analysis to review  existing  inform- 
ation  and  make  an  appraisal of the silvical knowledge required  at  utiliza- 
tion standards  that  may  reasonably be anticipated  in  the  foreseeable 
future;  and to recommend a specific  programme of investigation, with 
priorit ies,  to obtain  the  silvical  knowledge  necessary  for  the  north- 
central  region of British  Columbia,  particularly  that  portion  within  the 
Prince  Rupert  Forest  District. 

FOREST RESOURCES INVENTORY 

The north-central  Interior of British  Columbia  as  represented 
by Zone 4 in  the 1957 Forest   Surveys Continuing  Inventory  Report is a 
vast  region which  extends  from  Hazelton  in  the  west to the  Alberta  boundary, 
and from Soda Creek  in the  south to the Takla  Lake-Mesilinka  River 
drainages  in the  north. 

The Fores t  Inventory Zone 4 contains 29 million  acres of forest  
land,  over 90  per  cent of which is productive,  and  accessible  or  potentially 
accessible. Of this  acreage, 17.4 million  acres  support  forest  stands  in 
which lodgepole  pine forms 20 per   cent   or   more of the type. .The  area,  
with  stands  which a r e  80 per  cent  or  more lodgepole  pine, is 8.7 million 
acres.  

The to tal  sound wood volume,  at  close  utilization  standards,  on 
accessible  or  potentially  accessible  sites,  exceeds 91 billion  cubic  feet, 
of which 28. 3 billion  cubic  feet  is  lodgepole pine. Even at  present  rough 
utilization  standards, the merchantable  volume of pine  in trees  12  inches 
d. b. h. and  over  is  estimated  at 6. 2 billion  cubic  feet.  This  volume  is 
immediately  available  in  productive  and  accessible  forests. 

Approximately 21 per  cent,  or 6 mill ion  acres,  of the  total  forest 
a rea ,   l i es  within  the Prince  Rupert  Forest  District,  composed  primarily 
of the  Morice  River,  Ootsa  Lake,  Francois  Lake,  and Babine  Lake 
drainages.  Approximately 30 per  cent of the  lodgepole  pine  and  15 to 20 
per  cent of the  total  resources  are  situated  within  the  Prince  Rupert  Forest 
District. 

w 

I At present  utilization  standards, the zone wi l l  support  an  allowable 
cut of  250 million  cubic  feet  on a sustained  yield  basis, 25 per  cent of which 
should be lodgepole  pine, Under a management  programme which permits 
full  development  and  close  utilization  of  the  forest  resources, the  annual 
allowable  cut, on a 120-year  rotation,  could  rise to 630 million  cubic  feet, 
of which 3 2  per  cent would be lodgepole pine. 

4 

Further  resources  data,  in  tabular  form, are recorded  in Appendix I. kw 
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UTILIZATION AND INDUSTRY 

Pas t  - 

.. 

During  the ear ly   years  of settlement,  lodgepole pine was 
utilized  primarily  for  fence  posts, fuelwood  and  the construction of 
cabins. With the  development of railroads  into the region  during the 
early 1900' s ,  commercial  use of pine  expanded,  primarily  for hewn 
and  sawn  ties,  telegraph  poles,  plus  local  utilization  for  mining 
and  minor  products. 

Until  the early  years of the Second  World  War,  limited 
development  in  the  region  restricted  commercial  exploitation of 
Most of the  logging  and  manufacturing  was done by tie-hackers, 

timber 

the  forests. 
part- 

t ime  farmers  and  small  independent  loggers.  Hundreds of such  small 
operations  were  scattered  throughout  the  accessible  forests. Logging 
was  done  primarily  with  hand  tools  and  horses,  with  milling of the  logs 
in  small  portable mills located  on  the a r e a  being  logged. Daily  and 
annual  cuts  were  small,  and  little of the lumber  was  planed,  it being 
shipped  rough or  used  locally. 

Since  the war,  regional  development  and  expansion of the forest  
industry  has  increased  the  use of all  species.  Some  indication of this 
change is evident  in  the  following  statistics.  (See  also  Appendix I. ) 
In 1940 the  total  cut  was  15.4  million  cubic  feet  in the Prince  George 
District  and 3. 1 million  cubic  feet  in  the  Prince  Rupert  District. In each 
district ,  the cut of lodgepole pine was  just  under 1 million  cubic  feet. 
By 1950,  production  had risen to 22 million  cubic  feet ( 4  million  in  lodge- 
pole pine)  in  the  Prince  Rupert  District  and 56 million  cubic  feet  (4. 8 
million  in  pine)  in the Prince  George  District. The total  cut,  in  1964,  rose 
to 188  million  and 71 million  cubic  feet  in the Prince  George  and  Prince 
Rupert  Districts  respectively,  with the  lodgepole  pine  utilization  at 39. 2 
million  cubic  feet  in  the  former  and 15. 3 million in  the latter,  

Between 1940 and  1964,  production  increased  more  than 10 times 
in  the  north-central  Interior  and  over 20 times  in  the  Prince  Rupert  District 
only. 

The increase  in  production  has  been  paralleled by a trend to 
integration  and  consolidation of logging operations,  and  the  development 
of large,  permanently  located  sawmill,  planer,  and  dry kiln operations. 
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FIG. I - AVERAGE PERIODIC ANNUAL CUT 
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Today,  the bulk of pruduction  comes  from  the  large  permanent 
operations,  although  many  small  independent  operators  still  thrive. 
Power  machinery is almost  universally  employed  in  logging  and  extraction. 
Almost all planer mills and most  sawmills  are  located  in  communities 
along  the  Canadian  National  and  Pacific  Great  Eastern  railroads.  Some 
permanent  sawmills  have  been  established on the  shores of larger  lakes 
where  water  transport of logs is practical,  and  the  lumber is trucked 
to the  planer  mill and shipping  point. The location of permanent  plants 
near  communities  has  ensured  more  stable  supply of power,  equipment 
requirements,  and  labour.  Conversely,  such  establishment  has  en- 
couraged  the  development  and  expansion of communities  along  the  main 
transportation.routes.  Every  community  in the  region  with  more  than a 
few dozen  people is generally a centre  for  one  or m r e  wood-processing 
plants,  and  the  lumber  industry is the  foundation to the  economic  well- 
being of th,e area. 

In the  past,  lodgepole  pine  was  utilized  primarily  for  minor 
products  and  railroad  ties, but present  production is primarily  in  the 
form of lumber and small  dimension  construction  timbers. A large  volume 
is utilized  for  treated  poles  and  ties  at a processing  plant  located  in 
Prince  George;  the  pole  and  tie  markets  still  provide  important  outlets. 

Several pulp mills  and  chipper  plants  are  under  construction  in 
the  region  for  the  use of lodgepole  pine  in  pulp  and  paper  production, 
and  the  one plywood plant  specializes  in  the  manufacture of Douglas fir 
plywood. 

The  introduction,  since  1958, of stud  and  scrag  mills,  other 
specialized  euqipment, and new techniques  for logging  and  processing 
small  dimension  timber, has effected  marked  improvement  in the  utiliza- 
tion of lodgepole  pine. In saw-log-size  stands,  utilization to  11  inches 
d. s. h. , 8 ~ i n c h  top,  and  1-foot-high  stumps  normally is mandatory. 
Material down to 8 inches d. s. h. and  6-inch  top is now economically 
utilizable  and,  in  Crown  forests  where  stud-log  size  trees  are  dominant, 
these  levels  are  mandatory; similar utilization  on  saw-log  sales is 
actively  encouraged by basic  stumpage  adjustment. 

Utilization  levels  in  the  Prince  Rupert  Forest  District  have  lagged 
behind  those in effect  over  most of the  north-central  Interior, but the 
situation  has  been  changing  rapidly  in  recent  years.  It is probable  that 
all  lodgepole  pine  cut wi l l  be  processed to close  utilization  standards by 
the  forest  industry  within  a..few  years. 
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Predicted 

The development of markets  for pulp mater ia l   i s   assured ,  
since  seven  pulp  mills  and  auxiliary  chipper  plants  in  various  centres 
in  the  region  have  been  proposed,  approved,  or  are  under  construction. 
Such  expansion wi l l  radically  alter  utilization  levels of all  species. 

Lodgepole  pine is  readily  treated  in the kraft pulping process,  
and  the physical  properties of the  wood fibre  permit  manufacture of 
strong,  high-quality  kraft  products. 

Introduction of complex  machine  harvesters,  already  developed 
for  use in eastern pulpwood operations;  utilization of timber  presently 
left  after  logging,  and  greater  utilization of waste  materials  such  as  tops, 
butts,  and  sawmill  residues wi l l  occur  within  the  next  decade. 

In the  initial  phases of pulp  development  and  creation of pulp 
wood markets,  utilization  standards  probably w i l l  be similar to those 
now evident  on  the  best  stud-sawlog  operations,  with  cutting to 8-inch 
d. s. h. and  5-inch  tops , with fuller  utilization of the material  harvested. 
Within a generation,  utilization  should  be  similar to that  evident  in 
eastern pulp harvest   areas ( 6  inches d.  b.  h. and  4-inch  tops) a s  pulp- 
processors  intensify  their  utilization of wood. It is apparent  that the 
stage is set   for  a new phase  in  the  utilization of forest   resources--one 
in which  lodgepole  pine wi l l  have  major  importance. 

It seems  probable  that  many of the current  difficulties  which 
restrict  implementation of silvicultural  treatments  and  attainment of 
regeneration  objectives  under  residual  stand  conditions w i l l  disappear 
when this  intensity of Utilization is  achieved. The research  programme 
to evaluate  silvicultural  practices  and  silvical  problems wi l l  be  developed 
on the basis of these  anticipated  standards. 

The problems  which  require  investigation of market  and  products 
development,  and of the economics of wood-processing,  are  outside the 
scope of this  analysis.  The  proposed  programme of silvical  research  in 
lodgepole pine is based  on  the  assumption  that  utilization wi l l  not  seriously 
limit  application of silvicultural  techniques.  This  assumption  appears 
valid  in view of the  historic  trend  in  pine  utilization  and  the  anticipated 
development of pulpwood processing  in the  next  decade. 

In the interim,  in  the  experimental  study of logged pine s i tes   i t  
may be necessary to create  residual  stand  conditions  similar to those 
anticipated  when  close  utilization  standards a r e  attained. 
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ECOLOGICAL  HABITAT 

Geographic 

b, 

The report  is concerned  primarily  with  the  region of Inventory 
Zone 4 where  lodgepole  pine is a dominant  component of forest  types , 
and  where  management of  the species  is   essential   for the proper  develop- 
ment of the  forest  resources.  This is the  northern  portion of the central  
plateau  in  British  Columbia,  which  lies  mainly  within the  Nechako River, 
Bulkley River, Upper Fraser   River  , Babine  Lake , and  Omineca  River 
drainages. 

Pinus  contorta - var.  latifolia  Engelm. , the inland  form of lodge- 
pole  pine , i s  indigenous to the north-central  region of the  province. 
Generalizations on  habitat  in  this  region are  necessarily vague , a s  lodge- 
pole pine  evidences.great  adaptability.  Physiography,  climate,  soil, 
and  ecological  regimes  rarely  limit the growth of this  species,  except 
on  the  most  extreme  sites.  Consequently, pine is a component of 
almost  every  forest type from the  lowest  elevations to over 5,000 feet. 
It is absent  only  in a reas  of muskeg,  northern  tundra,  or high  alpine. 

Physiographic 

The north-central  plateau  consists of large,  rolling  uplands 
separated by broad,  deep  valleys.  Elevations rise from 1, 500 to 2,500 
feet  above  sea  level  in  the  valleys , to 3 , 000 to 4 ,000  feet  in  the  uplands, 
with  occasional  peaks  and  small  mountain  ranges  over 5 ,000  feet.  The 
Nechako  plain,  an a rea  of several  thousand  square  miles  within  the  central 
plateau,  has  less  marked  relief.  Centred  around  Vanderhoof-Prince  George, 
i t  is a gently  rolling  plain, 1 , 500 to 2 ,000  feet  above  sea  level,  with 
scattered,  glacial  lake  basins.  The  area  lying within  the Prince  Rupert 
District is typical  rolling  plateau  which  rises to high,  extensive  mountain 
ranges  in the  south,  north,  and  west,  except  where the  Bulkley  Valley 
passes  through the Coast Range, 

As  the result  of glaciation  history,  subsequent  weathering  and 
erosion,  land  for,ms  are  varied. A drumlinized  till  plain, with parallel 
drumlin  ridges  and  intervening  depressions , predominates.  Alluvial 
t e r races  and  plains are  common  in  the  river  valleys  and  former  drainage 
routes,  Glacial  outwashes,  in the form of fans,  plains,  and  compound 
eskers,   are  present and two prominent  eskers  are  located  near  Stuart  and 
Bednestic  Lakes.  Glaciation  history  and  irregular  mountain  upthrust  have 
produced  numerous  lake  basins  and  streams which vary  in  size , elevation, 
and  depth. 
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On productive  forest  sites  in  this  region,  physiography  alone 
does  not  prevent  the  growth of lodgepole  pine, but it  frequently  inter- 
acts with other  ecological  factors to modify  site  conditions  and  productive 
capacity. In the drier  ecoclines  particularly,  best  development  normally 
occurs  on  partially  sheltered  north to easterly  exposures,  probably due 
to reduced  evaporation  and  transpiration  rates  making  more  effective 
moisture  available  for  growth. Within ecoclines,  physiographic  differences 
in  slope,  aspect,  exposure,  and  elevation  appreciably  alter  local  site 
conditions by the  influence  on  soil  moisture  regimes,  drainage,  radiation, 
and surface  temperature  levels. 

While physiography is  not  usually  amendable by silvicultural 
treatment,  the modifying  effects  on  other  factors  which do influence o r  
limit pine  development merit  investigation. 

Geology  and  Soils 

Armstrong  and  Tipper ( 3 6 )  report  that  the  Nechako  plateau  and 
plain  were  entirely  covered by ice  sheets  at  least  twice  during the 
Pleistocene  period.  Cordilleran  glacier  development  in  the  Coast  Range 
mountains  moved  east  and  north-  easterly  through  mountain  valleys, 
coalescing  over  the  central  plateau.  During  the  first  movement,  mountain 
surfaces  were  scoured to bed-rock and  deposited as  t i l l   over  the 'plateau, 
with greatest  accumulations  in  the  central plain. A second  advance is 
evident  in  the  rearrangement of the  earlier  till  into  drumlins,  paralleling 
valley  land  forms.  During  the  subsequent  decay  and  erosion of the  ice  sheet, 
numerous  glacial  lakes  and  compound  lakes  were  formed. 

The soils of the  region are  derived  predominantly  from a3luvium, 
and glacial till carried  from  the  Coast Range mountains,  creating  complex 
soil   series (35, 36) .  Detailed  soil  surveys  have  been  made  in  the  main 
valleys of the  Bulkley  and  Nechako River  drainage,  and  on  the Nechako 
plain. 

As  reported by Farstad and  Laird ( 3 6 )  : "The more  important 
soils of the  central  Interior  fall  into  five  zonal  groups : the  Degraded 
Black,  Grey-Wooded,  Brown  Podzolic,  Podsol,  and  Pdsolized  Grey- 
Wooded. The major  portion of the area  l ies  in the  Grey- Wooded zone. 
These  soils  form one of the  dominant  upland  soil  groups of the interior 
plateau.. . . . They generally  have  inferior  physical  properties  and  are 
often low in  natural  fertility. ' I  
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V 
Sedimentary  alluvial  soils occupy  benches  and  flats  in  the  valleys 

of most of the larger  tributaries,  varying  in width from  several   miles to 
a few  yards.  These  soils, with  poorly-developed  profiles,  vary  from 
light  sandy-  silts to silty-clays, but  the heavier-  textured  soils  are  dominant. 
Soil  depths  vary  from a few feet in  the  Bulkley  River  drainages to 100 to 
200 feet  in  the  Vanderhoof-Prince  George-Quesnel  area of the  Nechako 
plain.  The overburden  varies  from  coarse  glacial  till  to fine  sandy  loam 
which grades  abruptly  into  compacted  impervious  boulder  clay.  Podsolized 
Grey-Wooded  profiles a r e  dominant  and  impeded  drainage is associated 
with  most of the heavier  soils;  Degraded  Black  profiles  have  developedon 
well  drained  sites. 

In the areas  where  outwash  alluvium  has  mixed  with  sedimentary 
deposits,  particularly in  the post-glacial  channels and river  terraces,   Grey- 
Wooded profiles  predominate on  the  light to moderate  textured  soils which 
have  developed. 

In the  southern  portion of the  Cariboo  plateau,  Black  and  Dark 
Brown soil  series,  associated with  light to moderate  textured  soils , a r e  
dominant.  Degraded  Black  soil  series  are  prevalent  in  the  areas of light 
rainfall  and  grass  cover,  while  Grey- Wooded profiles  are  more  common 
where  rainfall  and  soil  moisture  regime  are  similar to conditions  within  the 
northern  plateau. 

In the  upland regions,  parent  glacial  till  has  produced a mixture 
of clay,  silt,  sand,  gravel,  and  rocky  soils of varying  depth  and  profile 
character. In the  productive forest  sites,  medium  textured  sandy  loams 
to clay  loams, which generally  exhibit  Grey- Wooded profiles,  are  pre- 
dominant. 

The accessible  areas of potential  agricultural  value  in  this  region 
have  been  surveyed,  mapped,  and  classified (35, 3 6 ) ,  but only  generalized 
data  from  reconnaissance  soil  surveys  are  available  for the vast upland 
forest. 

.. 

Lodgepole  pine i s  not exacting  in  soil  requirements  and  can 
develop  on  granitic  and  glacial  soils,  volcanic  ash,  peat,  and  other  compo- 
sitions  (Edwards , 34). Optimum  development is achieved  on  moderately 
we l l  drained,  slightly  acid,  light to moderate  textured  sandy  loam  or  clay 
loam  soils ( 4 ,  72, 78). Lodgepole  pine generally is better  able  than  other 
conifers to establish  itself  on  dry  rocky  soils , on  excessively  well  drained 
light  textured  soils, and  on severe  exposures. On sites with  impeded 
drainage  or heavy  acid  soils,  other  conifers  more  readily  establish  and 
utilize  site  capacity  fully. 
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High pH levels  in the soil w i l l  limit  development  and  tend to 

prevent  lodgepole pine germination and  development.  Optimum  growth 
occurs on sites with pH levels  in  the  range of  5. 5 (78). 

Clements  (21)  reported  that the  highest  soil  moisture  level in 
which  healthy  lodgepole pine seedlings  are  present  was 34 per  cent, 
while  thrifty  seedlings  developed  in  light  soils  on  dry  sites  with  soil 
moisture  content  as low a s  3 per  cent. He suggested  that  the  best 
development  occurs  on  soils  with  less  than 25 per  cent  average  moisture 
content,  mainly  in  the  range of 10 to 20 per  cent. 

Summer  soil  moisture  deficiencies  are  normal  on pine sites  in 
this  region  (36),  varying  from 2 to 4 inches  in  the  sub-alpine  zone, 
4 to 8 inches  in the  Montane Transition  zone,  and 6 to 12 inches  or 
higher  in  the  southerly  Montane  zones. By mid-June  or  July,  stored 
soil moisture  normally is exhausted  and  vegetation is dependent  on current  
rainfall  until  mid-September  or  October. 

Soil  properties  interact  closely  with  other  ecological  factors 
and  most  studies wi l l  be concerned with  the interaction of physical 
properties  with  local  ecology,  pine  silvics,  and the effects of silvi- 
cultural  treatments. 

Climate 

w 

The climate of the north-central  region is typically  continental, 
with long cold  winters,  mild to warm  summers,  and  abrupt  seasonal 
changes.  Average  summer  temperature is 55 to 600 F . ,  with  normal 
highs of 70 to  75OF., and  occasional  short  spells of 80 to 90°F. Mid- 
winter  temperatures  average 10  to 15OF. , but extreme  lows of - 3 0  to 
-40°F.  are  common,  and  sub-zero  temperatures of several  weeks 
duration do occur. Annual  sunshine  ranges  from  1,500 to 1,800  hours, 
with  two-thirds  recorded  during the summer  months. 

Rainfall  records  indicate a precipitation  range of 20 to 30 inches 
a year  in the sub-alpine  forest  zone,  15 to 23 inches a year in  the  Montane 
Transition, and 12 to  15 inches a year in  the Northern  and  Central 
Montane  zones. 

Distribution is relatively  uniform  throughout the year ,  but 
approximately 60 per  cent  or  more of annual  precipitation  falls  within 
the  main  growing  season  from  April to August,  which increases  the 
effectiveness of rainfall  and  minimizes  the  period of soil  moisture  deficiency. 

" 

W 
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April  and May are  normally  drier than  the summer  months,  and  winter 
precipitation  occurs  mainly  as snow. 

The vegetative  growing  period  (mean  temperature  at  or  above 
43OF.) is from 145 to 165 days  long;  and the frost-free  period is from 
30 to 70 days.  Weather  station  location  and  topography  can  influence 
climatic  observations  considerably;  temperature  inversions  are  fre- 
quent  valley  occurrences, and f ros t s  have  been  recorded  during  all 
summer  months in  the  north-central  plateau. 

Prevailing  winds  in  the  summer  are  south-west to southerly, 
and west to north-west  in the  winter.  Climatic  summaries  from 
regionally  representative  stations  are  recorded  in Appendix 11. 

Mason  (54)  reports  that the best pine  in  the  western  United 
States  occurs  in  regions  where  annual  precipitation  exceeds 21 inches. 
Good stands of pine  occur  in  the  northern  plateau  where  rainfall  has 
averaged  less than 15 inches  per  annum ( 6 2 ) ,  indicating a lower  rain- 
fall  regime  is  effective  in the milder  temperature  regimes  in  the 
latitudes of north-central  British  Columbia. In the most  southerly  dry 
regime  zones, low rainfall,  interacting  with  high  temperatures,  soil 
properties, and  extended  periods of soil  moisture  deficiency,  can 
restrict   or  prevent lodgepole  pine  establishment  and  development. 

V 
Clements  (24)  suggests  that  tem.perature  is the least  important 

of limiting  environmental  factors,  as  lodgepole pine has wide range, 
in  latitude  and  altitude,  over  which  it  does not differ  significantly. 
Bates (9)  also  observes  that  lodgepole pine is highly resistant to heat 
damage, but various  studies.  have shown that  temperatures of 125- 1400F. , 
combined  with  restricted  moisture  supply, wi l l  seriously  damage  or  kill 
seedlings  and  saplings, and heat  alone  will  cause  mortality when 
temperatures  r ise to 140-160° F. Crossley  and Day (28, 30) have shown 
that  air  temperatures of 800F. , by radiation of direct  isolation,  can 
produce  surface  temperatures which approach  or  exceed the lower  critical 
limits. 

Radiation  temperatures  are  also  important  in  the  opening of 
serotinous  cones,  as  cone  surface  temperatures of  45O C. (113OF. ) o r  
higher  are  required to weaken  the resin bond sufficiently to permit  cone 
opening  and seed  dispersal. 

Clements (22)  reports  that  seedlings  are  absent  or  poorly  developed 
a t   l ess  than 10 per  cent of full  radiation  and  that  vigour i s  poor below 20 
per  cent.  Intensity  levels  in  most  mature  stands  normally  are  lower,  hence 
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pine understory  usually is absent. Day ( 3 0 )  has  stated  that  germination 
and early  seedling  development  generally is best when overhead  shade 
is  absent, but lower  radiation  levels  may be necessary  on  severe  sites 
to prevent  mortality. Under full  exposure , radiation  intensities  can 
interact with air   temperatures  soil   surfaces , and  moisture  levels to 
create  surface  temperatures  critical to seed  germination  and  seedling 
survival. 

In British  Columbia,  weather  stations  are  confined  mainly to 
urban  and  agricultural  areas;  data  relevant to the  major  forest  zones 
a r e  lacking.  Establishment of instrument  stations  within the main  forest  
a reas  is needed to obtain  reliable  information  on  annual  rainfall,  seasonal 
distribution,  temperature  variations, wind conditions , humidity,  sunlight, 
and  radiation  levels  that  can be related to ecological  and  silvical  con- 
ditions  dominant  in  the  major  ecoclines of the  region. 

FOREST CLASSIFICATION 

Forest  Zones 

The areas  of primary  concern  within  the  north-central  Interior 
have  been  delineated  into  three  major  forest  zones by Rowe ( 8 3 ) ,  based 
on  ecocline  regimes,  physiography,  and  vegetation  units.  These  zones 
are  named : Interior  Sub-alpine , Montane Transition,  and  Northern 
Montane. 

The  Sub-alpine  zone  occupies  almost  all  the  area  north of 
Highway 16, f rom the western  foothills of the  Rocky  Mountains to Hazelton. 
The  Montane Transition zone includes  all the a rea  within  the  Prince 
Rupert  District  south of Highway 16,  the  Nechako  plain  north to Ft.  St. 
James,  and the  McGregor  River  drainage. The Northern Montane  zone 
occupies the Blackwater  River  drainage of the  Cariboo  plateau,  and  the 
Fraser  River  drainage  from Hixon  to Quesnel. 

Other  zones  within  the  area of Fores t  Inventory Zone 4 are   e i ther  
properly  part of the south-central  Interior  (the  Central  Douglas fir 
Montane  and Grassland  associations of the  Middle Fraser   River   drainage) ,  
or  regions  where  lodgepole pine is not a common  type  (the  Northern 
Columbia  Forest  associations of the Quesnel-Horsefly  Lake  drainages  and 
eastern Rocky  Mountain  trench$. 

The ecological  units  described by Rowe are  suitable  for the  pur- 
pose of categorizing the broad  physiographic  and  ecological  variations of 
lodgepole  pine  within  the  region. 
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Stand  DescriPtion 

w 

A pioneer  species,  lodgepole pine  grows  mainly  in  pure  stands 
o r  in a mixture with aspen,  and  with  successional  species  such  as  white 
spruce  and Douglas fir. As a successional  remnant,  lodgepole pine 
also  is  found in  sub-climax  or  climax  stands  in  association  with  alpine 
fir,  western  hemlock,  cedar,  Sitka  spruce, and  white  spruce. 

The  Sub-alpine  zone i s  dominated by Engelmann or  western 
white  spruce-alpine fir climax  forests,  with  extensive  pioneer 
lodgepole  pine  stands  established  as the result  of fire  history. 
Pure pine stands  normally  develop  on  dry to f resh  s i tes ,  while 
mixed  pine-  spruce  frequently  occupy  moist  sites.  However,  at 
the  pine rotation  age of 80 years,  climax  species  rarely  con- 
stitute  more  than 20 per  cent of stand  volumes. 

On the m s t  productive  sites, pine stands  normally  are  temporary 
and  soon  succeeded by spruce-alpine fir stands.  Moist  soil 
regimes,  medium  textured  loam  soils and moderate  drainage 
usually  exist on such  sites. On s i tes  with  lighter  soils  and  drier 
regimes,  pine  productivity  compares  favourably  with  that of 
successional  species,  and  replacement by climax  forests is mo r e  
prolonged. On the most  severe  si tes,  pine  productivity  can  exceed 
that of successional  stands,  and pine is frequently  perpetuated 
indefinitely due to the  inability of climax  species to regenerate 
o r  develop  on  such  areas. 

Mature  pine  stands  ,characteristically  well-  stocked to over- 
stocked,  with 250 to 2 ,000  stems  per  acre,  but rarely  exceeding 
500 stems in stands  presently  exploited.  Tree  diameters  vary 
from 3 to 24 inches d.  b,  h. with d. b.  h. averaging 1 2  to 16 inches 
a t  the  lower  densities  and 4 to 6 inches  at the higher  densities. 
At moderate  stocking,  average  height  and  diameter  drop  from 75 
to 85 feet  and 10 to 14 inches  on  the  more  productive  sites down 
to 40 to 60 feet  and 3 to 6 inches on  the poor  sites. 

Spruce  and  alpine fir can  form  dense  understories  on  all but the 
most  severe  si tes,  but  the understory  may be completely  absent, 
depending on seed  sources and site  conditions  subsequent to the 
burn  which  permitted  establishment of the pine  stands.  Pine 
understory  is  rarely  present  except  under  open  stands on  the dr ie r  
sites. 

In the  Montane Transition  zone,  similar  climax  forests of Engelmann 
or  western  white  spruce-alpine fir a r e  dominant  in  the  northern  and 
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western  sections. Douglas fir also is indigenous to this  region, 
primarily  mixed  with pine  and spruce  in  sub-climax  forests. 
The  Douglas fir attains  greater  dominance  in the  south  and 
central  sections,  where  summer  climatic  conditions  create 
warmer  and  drier  regimes,  and  often  forms  pure  stands. 

With the drier  regimes,  a greater  percentage  of  dry to f resh  
sites  exist.  Lodgepole  pine  and  aspen  cover  large  tracts  as 
seral   forest .  On dr ier   s i tes ,  pine i s  often  perpetuated, owing 
to fire  history,  absence of seed  source,  or  adverse  germination 
conditions  which  prevent  the  establishment  and  development of 
Douglas fir o r  white  spruce. 

Mature  pine  stands  usually  contain  only  minor  volumes of other 
species,  excluding  aspen  which  often  precedes  pine  as a se ra l  
species  on  the  more  severe  sites.  Full to dense  stocking  is 
normal  and  average d. b. h. rarely  exceeds 1 2  inches  and  average 
height 80 feet  on  productive  sites.  Under  extreme  conditions of 
site  and  density, d.  b.  h. may  average  only 6 inches and  height 
35 to 50 feet. 

Douglas fir or  spruce  regeneration  frequently  is  present on 
moderate to good s i tes ,  but stocking is usually  light  and  clumpy. 
Lodgepole  pine regeneration  develops  under  moderately-  stocked 
mature  stands  on  drier  sites,  and  occasionally  occurs in  openings 
on sites with  moderate  moisture  regimes. 

In the Northern Montane  zone,  Douglas fir and  mixed  Douglas fir- 
Engelmann  spruce  form the climax  forests.  The  hot,  dry  summer 
regime  has  permitted a regional  fire  history which rarely  allows 
climax  stands to persist .   Seral   or  successional  stands of aspen- 
lodgepole pine are  widespread. 

With occasional  assists  from  fire,  lodgepole pine in  this  region 
frequently  succeeds  itself  on  sites  with  light-  textured  soils and dry 
moisture  regimes.  Densely  stocked  mature  stands  are  common. 
On good sites,  stands  may  average  less  than 3 inches d.  b. h. and 
50 feet  in  height,  and  on  poor  sites  less  than 2 inches d.  b.  h. and 30 
feet in  height.  Even  with  light  stocking,  stands  rarely  average d.  b.  h. 
greater than 10 to 11 inches,  with  heights of 60 to 65 feet,  except 
on the most  productive  sites. 

'W 

" 

Some  lodgepole  pine  regeneration  normally  is  present  in  moderately 
stocked  stands  on  most  sites,  and  Douglas fir understory  usually 
develops  on  the  average  or  better-than-average  sites when seed  source 
and  habitat  conditions are  suitable  for  establishment  and  survival. w 
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Pine  stands  in  all  zones  are  predominantly  even-aged  as 
restocking  usually is completed  within a few years  subsequent to any 
burns. In overstocked  stands,  stagnation  usually  occurs within 40 
years ,  and  the  pine  stands wi l l  often  remain  locked  for  several  decades 
without  significant  growth of crop  trees  or  production of merchantable 
volumes. 

With moderate to light  stocking,  lodgepole  pine w i l l  a c t   a s  a 
nurse-cover  for  any  spruce  or Douglas fir regeneration which  becomes 
established  at  the  same  time  as  the pine. At 50 to 70 years,  the  spruce  and 
Douglas fir wi l l  begin to overtop the  pine  in  the  canopy,  and  gradually  the 
pine wi l l  s tar t  to die  out, If lodgepole  pine is  well  established  before  other 
species  appear,  understory  development is suppressed, and often  does'  not 
fully  release  until the  pine stands begin to break  up  at 120- 160 years. 

Site  Classifications 

British  Columbia  foresters  have  used  lesser  vegetation to estimate 
site  productivity, and as  expressions of ecological  relationships.  Site 
types are  distinguished  on  the  assumption  that  the  lesser  vegetation  species 
vary  in  relative  frequency and abundance  between s i tes ,  and  that  compara- 
tively few species  occur on all  sites. 

Illingworth (47) describes  five  major  and  four  minor  lodgepole 
pine  associations found  in  the  south-central  Interior, which also  occur  in 
the  Northern Montane and  southern half of the  Montane  Transition. The 
major  sites,  named by dominant or  selective  vegetation,  in  descending 
order  of productivity,  are: (i) Cornus-Moss  (CM) - site  index 80 to 90 
at  100 years ;  (ii) Calamagrostis  (C) - site  index 70-85; (iii) Calamagrostis- 
Vaccinium  scoparium  (CV) - site  index 60-70; (iv) Calamagrostis- 
Arctostaphylos  (CA) - site  index 55 to 65; and (v)  Arctostaphylos - Lichens 
(AL) - site  index 40-55. 

In the  cooler,  moister  regimes of the  Sub-alpine  and  northern 
Montane Transition  zones,  changes  in  vegetation  associations  are  less 
abrupt.  Reduction of site  productivity  usually is evidenced by gradual 
transition  from  Cornus-moss  (CM) to Arctostaphylos-  Lichen  (AL) 
associations, with its  decreasing  abundance of all  vegetal  layers,  dis- 
appearance of mesophytic  species, and elimination of the moss  carpet. 
However,  the  recognition of plant  associations is difficult. 

A lack of distinct  vegetation  associations  in  the  Sub-alpine  zone 
has  been  reported by Smithers (70, 72) to exist  in  Alberta. While certain 
floristic  associations  are  more  characteristic of certain  si tes,   Smithers 
(72) expresses the view that: within each  ecological  community  "the 
composition of the  ground  vegetation varies widely  with site,  density of 
the  pine overstory,  and  stand  age.. . . . .variations  caused by stand  density 
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are   as   important   or   more so than  those  caused by site  differences. 
Cormack  (1953)  describes  the  radical  changes  wrought  on  the  lesser 
flora by long-term  succession of the overstory.  The  combinations of 
species  resulting  from  these  variables  are so numerous  as to defy 
further  classification  into  associations on a practical  level,  Rather 
the  concept of a vegetation  continuum  would  seem  to  apply.  This 
envisages a continually  varying  series of species  occurring on an 
environment  gradient  mainly  controlled by the  reactions of the  vege- 
tation.  The  most  significant  reaction is  succession. " 

There is also  apparent  correlation of site  productivity  with 
moisture  regimes  and  physical  properties of soil  types. On deep, 
medium  loam  soils , with good drainage  and  fresh to moist  soil  regimes, 
lodgepole  pine wi l l  have a site  index of 85 to 105 at 100 years. On 
light to moderate-  textured,  well  drained  soils,  with  fresh  moisture 
regime,  site  index wi l l  range  from 70  to  95. Pine  productivity is probably 
comparable to that of spruce on Cornus-moss  sites. 

On shallow,  coarse to  light-  textured,  well to excessively  drained 
soils,. with dry to fresh  moisture  regimes,  pine  productivity is usually 
superior to that of climax  species.  Site  index wi l l  range  from 50 to 75. 
In very  shallow,  coarse,  excessively  drained  dry  sites,  site  index w i l l  
range  from 30  to  55. Such  low-productive areas  can  produce  small 
pulp-wood. 

Vegetation  associations  are  modified by stand  density  and  compo- 
sition,  stage of successional  development,  and  site  disturbances.  Hence, 
vegetation  associations  alone  are  not  completely  satisfactory  measures 
for  site  classification. 

In British  Columbia  (12a) , foresters  and  soil  surveyors  are 
engaged  in  co-operative  studies of forest  land  classification  based upon 
the  recognition  and  integration of landform,  and  soil  profile  and  vegetation 
associations  in  an  effort to obtain  fuller  consideration of ecological 
relationships  in  site  classification. 

Rennie (66) emphasizes the  need  for  greater  attention to the 
relationships of soil  properties to forest  ecology. 

Duffy (33)  reports  that pine  productivity is significantly  related 
to parent  material  and  soil  series  in  the  foothill  regions of the boreal 
forest  zone of Alberta,  and  in  an  early  publication Day and Duffy ( 3 1 )  
discussed  the  classification of site by physiographic  factors,  including 
landform,  slope  features,  and  soil  moisture  regimes within  homogenous 
ecoclines. 

i. 

W 
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V 
Within each of the regional  climatic  zones  and  physiographic  areas, 

factors  of environment  significantly  influence  site  productivity.  Present 
classification  methods,  based  primarily  on  vegetation  associations, 
a r e  not entirely  adequate  for  this  region of British  Columbia  and  must 
be augmented by fuller  assessment of ecological  relationships. 

It i s  suggested  that  site  classification  requires both regional 
zonation by climatic and physiographic  units,  and  assessment of local 
ecology,  particularly  soil  properties,  vegetation  communities and local 
topographic  factors. 

DAMAGE AGENTS 

In the  north-central  region of the province,  fire is the primary 
destroyer of lodgepole  pine. While some  animal  and  disease  problems 
a r e  endemic  in  the a rea ,  they rarely  are  sufficiently  serious to warrant 
major  control  programs. 

F i r e  

F i r e   i s  the great  enemy,  even though it  also is the agency  which 
has  produced  the  large  areas of pine types. Much of the lodgepole  pine is 
situated  in  the  areas of greatest  accessibility  and  highest  hazard, which 
tends to maximize the  difficulty of preventing  fires  and  controlling  them 
once  they  have  started. 

Almost  all  lodgepole  pine  stands  originate  after  fire  and 75 per 
cent of them a re   l e s s  than 100 years  old. Recurrent  burns  are  evidence of 
this  in  many  areas.  Fire  prevention w i l l  be a difficult  but necessary 
requirement if  we a r e  to grow  pine  on a short  rotation. 

The duff and litter  in  pine  stands is less compacted  and  retains 
less  moisture than  that  associated  with  most  coniferous  species.  This 
loose,  aerated  litter  tends to dry  rapidly  in  summer  and is readily 
ignited by accident  with  matches,  cigarettes,  and  campfires. 

Smither (72)  reports  that  studies by Fahnestock found that  the 
f resh logging slash of lodgepole pine is  very  inflammable  and  remains 
more  inflammable  for a longer  period  (at  least  three  years)  than  does 
slash of other  species  because of the  slower  rate of needle  fall  and 
decomposition  in  pine  slash. 

Fire   is   par t icular ly   ser ious in  the large  t racts  of pine regeneration 
under 30 years of age.  These  stands  have  generally  become  established 
with  seed  supplied  from  serotinous  cones  in the original  stand  destroyed 

V 
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by fire. As young pine possess a non-serotinous  habit  and  the  original 
seed  source is gone,  it is unlikely,  in  most  cases,  that  sufficient  seed 
source wi l l  be  available to restock  an  area  in  the  event of reburn  in the 
pine reproduction,  and  consequently  artificial  regeneration  measures 
may be necessary. 

W 

Diseases 

The most  common  defect  in  lodgepole  pine is "redheart"  stain, 
the  incipient  stage of several  fungi,  principally  Stereum pini  and  Fomes 
pini;  with minor  amounts  due to Polyporus spp. and  Stereum  Sanginolentum. 
The stain is commonly  present  in  older  immature  and  mature  pine  stands, 
but is usually  restricted to the  incipient  stage.  Studies by the  Forest 
Products  Laboratory of Canada  indicated  that  such a stain  did  not  appreciably 
affect  strength  properties of the wood or  its  suitability  for  lumber,  piling, 
o r  pulp  products. 

- 

Dwarf mistletoe,  Arceuthobium  americanum, is endemically 
present  throughout  the  range of pine  and  locally  heavy  infections  have 
been  recorded.  However,  this  parasite is rarely  as  severe  an  influence 
on  growth a s  is evident  in  southern  British  Columbia.  This is probably 
due  in part  to the less  extensive  disturbance by logging,  but, if logging 
practices  should  result  in  heavily  mistletoe-infected  trees  being  left  as 
the  residual  stand,  problem  areas  could  develop. 

Cronartium  spp.  stem  rusts  are  common and appear to be 
associated  particularly  with  dense  stands of pine  reproduction.  They 
rarely  attack  more  than a small  percentage of all  trees  and  may  even 
have a beneficial  influence by reducing  stocking. 

Other  diseases  common to pine in  the  region,  but  rarely  serious 
except  locally,  include  Needle  rust - Peridermium  spps. ; stem  canker-- 
Atropellis  piniphila;  Needle  cast--Hypodermella  spp. , and  Root  rot-- 
Amillaria mellea. 

Insects 

The most  serious of insect  pests is the  mountain  pine  bark  beetle 
Dendroctonus  monticolae.  Occasional  outbreaks  have  caused  serious 
damage  at  different  points  in  the  region,  primarily  in  older  stands 
declining  in  vigour.  Such  an  outbreak  destroyed  almost 30 million  cubic 
feet,  over 28,000 acres,  near  Takla  Lake  between 1956 and 1960. 

w 
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Small  outbreaks of Ips  pini,  the  pine  engravers,  have  been 
recorded but losses  are  rarely  serious,   except  in  small  pockets. 

Defoliation  insects  cause  some  damage by reducing  growth but 
serious  losses and mortality  are  rare.  Most  common  are the  needle 
miner--Recurvaria  milleri;  spruce  budworm--Christoneura  fumiferana; 
and pine loopers- - Caripeta spp. 

Other  insects  noted  in the district ,  but with presently low levels 
of population,  include:  pitch  nodule  moths-"Petrova  spp;  cone  boring 
pyralids- - Dioryctria  abietiiwrella;  sawflies-  -Neodiprion  spp; woolly 
aphids--Adelges  spp;  pine  needle  scale--  Phenacaspis  pinifoliae;  and  the 
pine root  weevil--3lobius  warreni. 

Except  for  serious  outbreaks of the  mountain  pine  beetle,  heavy 
widespread  mortality  and  reduced  growth  are  rarely  caused by these 
insect  pests , although  economic  losses  in  limited  local  outbreaks  may 
be serious. 

Animals 

In pole- sized  and  older  stands,  porcupine  damage,  or  girdling 
of boles, is serious  in  some  localities but little  is known of the extent 
of destruction  or of the normal  ecology of the animal. 

Rabbits  have  caused  severe  damage to saplings  and  advance 
growth  in years  of severe  winters and  high  populations  where  normal 
food  supplies a r e  insufficient or  covered by deep snows. 

Larger  mammals  have  been  observed browsing  on  pine 
regeneration but other  species  seem to  be 'preferred  and  damage is 
rarely  extensive.  Squirrels  and  small  rodents  can  cause  serious  losses 
of cones and  seed. 

I Phvsical 

Unusual  climatic  conditions  have  damaged  or  destroyed  established 
stands  and  have  prevented  regeneration  establishment  in a given  year. 
Freak  winds of hurricane  stre.ngth  have  felled  mature  stands.  Red  belt 
in  pine  types  has  developed when abrupt  temperature  changes  from  warm 
to deep  frost  have  occurred  at a time when  plant  tissues  have  not  hardened 
sufficiently to prevent  damage  or  mortality. 
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Occasional  prolonged  spells of drought  and  extreme  heat  have 

been  sufficiently severe to prevent  germination and kill  established 
seedlings.  Soil  moisture  deficiencies  and  physiological  spring  drought 
(warm  air,  frozen  soil)  have  damaged o r  killed  stands of sapling  size, 

In forested  areas  such  instances  are  rare  or  localized  and 
their  influence  on  the  development of silvicultural  techniques is minor. 

SILVICS O F  LODGEPOLE  PINE 

Although  the geographic  centre  and half the  distribution  range 
of lodgepole  pine l ies within  the  province,  pine  management  has  depended 
on  silvical  and  ecological  information  from  other  regions.  Conflicts 
exist  in  reported  finding$, owing to regional,  ecological,  and  racial 
differences.  British  Columbia  foresters  have  used  subjective  observa- 
tions'to  decide which  findings are  most  applicable  in  their  areas. 

Such  observations do indicate  that  pine  types of north  central 
British  Columbia  have  greater  similarity,  in  ecological and silvical 
characterist ics,  to the  lodgepole pine types of Alberta  than to those of 
the  north-western United States. 

Numerous  individual  silvical  investigations  have  been  reported 
and  consolidated  reviews  on  the  silvics of lodgepole pine have  been 
published (22 ,   23 ,  78). In 1962,  L. A. Smithers (72 )  endeavoured to 
consolidate the known silvical  behaviour  and  economic  data  concerning 
pine  into a framework which  would encourage  the  development of 
rational  management  systems  in  Alberta.  Smithers'  report is a useful 
reference  and  should  provide a basis  for  silvicultural  techniques  in  north- 
central  British  Columbia,  until  local  studies  can  provide  data which wi l l  
justify  amendments. 

The review of literature  and  research  work  was  concerned 
primarily  with the silvics  and  ecology of Pinus  contorta  var  latifolia  and, 
to a lesser  extent, of Pinus  banksiana  which  has  somewhat similar 
characterist ics and  management  problems.  Studies  on  management, 
utilization  and  economics  were  considered  insofar  as  they  provided 
insight to the limitations  imposed on  potential  silvical  studies. 

Cone Characterist ics 

W 

The cone  and  seeding  characteristics of lodgepole  pine a r e  
notably  different  from  other  species , and  the  differences  are  particularly 
important when considering  techniques  for  regeneration  in  disturbed 
stands.  Pine  cone  and  seeding  habits  reported by D. Crossley,  (24 ,  25, 
26) in  Alberta  appear  similar to those  observed  in  this  region. 

-. 

V 
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Although lodgepole pine is commonly  considered to have a 

closed-cone  habit,  geographic  differences  have  been  reported. 
Critchfield (22)  observed  that  serotinous  cones  were not  common 
in  the  coastal  form, with some  regional  exceptions;  that the 
serotinous  cone  habit  was  widespread  in  the  inland  form, but that 
the  open-coned  habit  was  dominant  in  some  mountainous  regions of . 
Nevada and  Oregon.  Dahms (29)  states  that pine cones  in  central 
Oregon  are  mainly non- serotinous.  Investigations by Crossley  (25) 
in  Alberta  indicated  that the majority of mature  trees  bore  serotinous 
cones,  while  the  majority of trees  under 50 years  bore  non-serotinous 
cones.  Crossley  concluded  that the cone-bearing  habit of pine stands 
reversed  itself  between 17 and 55 years  of age.  Crossley  also  reported 
that,  individually,  trees  could be classified  as  open,  closed,  or 
intermediate  in  cone  habit,  with  the  habit  remaining  in  effect  for  some 
years,  once  established,  regardless of general  stand  habit  and  age. 
A limited  study  in  the  Burns  Lake-Endako  region of Zone 4 [Armit (5j) 
indicated  similar  habit  reversal  from  open to closed  cones  between 25 
and 60 years,   in which 80 per  cent  or  more of the  cones  could be 
classified ab either  open  or  closed.  Even  during  the  period of habit 
reversal ,  trees of intermediate  characteristics  were not common. 

w 
Clements (22)  and  Crossley  (24) found  that  the  number of cones 

on  individual  trees  can  vary  from  nil  in  suppressed  trees to 9,000 
in  open-grown  mature  trees. The number  also  increases  with  increased 
d.  b. h. ,  live  crown,  age,  and  decreasing  stand  density.  Crossley found 
that a young stand  bore  approximately 7 ,300  cones  per  acre, 17 per  cent 
serotinous,  with  mature  stands having  an  estimated  15,000  cones  per  acre, 
9 2  per  cent  serotinous. 

Studies by Clements (22)  and  others  (9, 25) have found that 
temperatures of at   least  45  to  50° C. (113 to 12ZOF.) are   required to 
open  most  serotinous  cones.  Crossley' s investigation of solar  radiation 
effects  on  cones  in  slash  near the ground  indicated  temperatures of a t   least  
27O C (800F.) were  necessary to rupture the resin bond and that,  at 
heights  above 7 inches  from the  ground or  other  reflecting  surface,  cone 
temperatures did  not rise  sufficiently  to  cause  rupture. Study of the 
effect of various  ground  surfaces  indicated  differences but  not to a limiting 
degree. 

Crossley  also found  that  local  climate,  as  determined by aspect 
and  canopy closure,  was  important, not  only  for  radiation  levels  required 
to rupture  the  resin bond, but also  for the opening of the cones  and  sub- 
sequent  seed  release. He attributes  the  greatest  cane-opening on southern 
aspects  and  under  light  canopies to the increased  ventilation  and  temperature 
which resulted  in  rupture  and  rapid  cone-scale  drying. 
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He also  noted  that, a s  cone material  is a poor heat  conductor, 
only a few minutes  in  direct  light  at 800F. air  temperature  was  required 
to reach  rupture  temperatures,  providing the cones  are  close to the 
ground.  Most of the  cone-opening  in  slash  is  completed by the third 
year.  Clements ((22) observed  that a second  cone-opening  period 
develops 10 to 13 years  after  cone  maturation. He attributes  this to 
the fact  that  cone  scales have dried to the level  where  their  tension 
overcomes  the  strength of the resin bond, but this  is  at  some  variance 
with other  studies which  have recorded  closed  cones,  with  viable  seed, 
25  to 7 5  years  old. 

Pine  cones  are  variable in size  and  number of cone  scales. 
Clements 122) reports  measurements  of  71 to  170 scales.  Cones  with 
less  than 120 scales had an  average of 15 seeds  per  cone,  compared to 
25 to 40 in  those  with a greater  number of scales.  There  is  little  evi- 
dence  that  small  cones  produce  less  viable  or  smaller  seed  than  larger 
cones. , 

In view of the variations  in  cone  characteristics  reported,  it 
would seem  that  local  studies  are  necessary to confirm the regional 
pattern of cone  habit,  even though such  studies  duplicate  work done 
elsewhere. 

Seed  and  Seeding  Habits 

Cone development,  with  viable  seed,  occurs  in 5- to 10-year 
old  open  stands,  in 15- to 20-year  old  fully  stocked  stands,  and  per- 
sists  until well past  maturity.  Various  studies (9 ,  22) have  indicated 
an  average of 25 to 40 developed  seed  per  cone,  while  small  test  samples 
made  locally  indicate  an  average of 35 per  cone,  with a range of 5 to 55, 
primarily  borne in  the upper half of the cone.  Clements (22) found a direct 
relationship  between  cone  size,  number of scales ,  and  the  average  number 
of seed  per cone. 

Lodgepole  pine seed  is  small  (about  100,000  per pound) with  1/3 
to 1/2 pound of seed  per  bushel of cones ( 9 ) .  Crossley ( 2 4 ,  25) has 
estimated  that,  in  juvenile  stands,  the  reserve  seed  supply  in  serotinous  cones 
is about 45,000 per   acre ,   o r  17 per  cent  of  the  total.  The  major  portion of 
seed  production  is  dispersed  annually  and  it  is  doubtful if the reserve  supply 
would be  sufficient to restock the a rea  if the  present  stand  is  destroyed. 

In older  immature  and  mature  stands, the relationship is reversed, 
with 15,000 to 20,000 seeds  per  acre  dispersed  annually,  and  upwards of 
one-half  million  per  acre  retained  in  serotinous  cones. 

W 
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Several  investigators  (9, 2 2 ,  25, 29, 55) have  reported  that, 
although  annual  fluctuations  in  seed  crops of individual  trees  and  stands 
can be great,   i t  is rare   that   there   are  no crops.  Bates (9)  and others 
have  suggested  that good crops  occur  at  1- to 3-year  intervals, with 
light  crops  in between. 

The importance of the relationship of annual  seed  dispersal to 
the degree of serotiny  in  cones is evident  in the different  rates  reported 
by investigators  from  different  regions. Boe (14) and  Dahms (29) report 
annual  fluctuations of 14,000 to 500,000  seeds  per  acre  in  south  central 
Oregon  where  non-serotinous  cone  habit is dominant  and  total  seed  crop 
is released, while Crossley  (25),  working in stands  with  the  closed-cone 
habit  dominant, found less  variation, with 10,000-30,000  seeds  per  acre 
dispersed  annually.  Bates (9)  studied  cones  and  seed  on  felled  trees  and 
reported  annual  variation  in  seed  production of 25,000 to 535,000  per 
acre.  

There  is   some  disagreement  as to time of seed  dispersal in 
reports of different  investigators,  but  most  are  similar  to  Crossley' s 
findings  (24)  that  maximum  seed  fall  occurs  over a 5-week  period  during 
September-October when  cone  ripening occurs ,  with small  amounts 
released  continuously  throughout the year. 

In standing  timber,  seed  is  released  from  open  cones by wind, 
and from  closed  cones  as  the  result of animals  moving  cones to openings 
where  radiation wi l l  cause  rupture. In burned o r  logged a r e a s ,  the  effect 
of heat  and  insolation  has  already  been  described. 

Crossley  (24)  and  others (9 ,  29) found that  the  seed  catch  was 
many  times  greater  directly  under  the  stand  than  on  the  lee  side.  All 
reported  that  the  seed  catch  dropped off rapidly  one  chain  out  from the 
stand edge. Boe and  Dahms  (14, 29) concluded  that  seed  dissemination 
beyond 200 feet  was  inadequate to ensure  reproduction,' but Crossley  (24) 
found little  difference 1 to 5 chains  out,  and  Munger is reported by 
Dahms to have  observed  moderate  dispersal  up to 700 feet  from  the 
stand  edge.  Crossley  concluded  that  dispersal in mature  stands would 
not  be adequate to ensure  restocking of adjacent  cleared  areas. 

Clements (22)  observed  that  the  number  of  seeds  per  cone 
appeared to increase  with  the  age of the  cone. He was  not  able to pin- 
point  the reason, but doubted if vegetative  activity  continued  in  the  cone 
after  maturity. He suggested the apparent  increase  might  be  due to 
seasonal  differences, to increased  competition  as the  stand  developed, 
or  because  cones  with few seed  were  more  likely to drop off than  cones 
with  many  seeds. 
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After  logging  operations,  the  dispersal of seed  in  slaeh 
scattered  over the a rea  is important  for  silvicultural  management. 
Tackle  reports  (76)  that  most  seed is released  after  one  year 's  
exposure but release  occurs  for 6 years  or  longer.   Crossley found 
that  slightly  more  than half of the cones  released  their  seed  the  first 
year ,  and  that  release  after  the  third  season w a s  negligible  since  the 
conditions of radiation  and  insolation  required  to  raise  temperatures 
sufficiently to melt  the  resin bond would not  change  appreciably  after 
this  time.  However,  Clements (21 )  suggests  that as the  cone  ages  and 
becomes  drier,  the  scale  tension  physically  overcomes  the  resin bond 
and the  cone  opens,  providing a second  period of seed  release. 

Again, it  appears  that  local  climatic  regimes  influence  seeding 
habits  and  dispersal  patterns,  and  that  regional  studies  are  necessary 
in  spite of investigation  in  Alberta  and  the  northwest  United  States. 

Seedbed  and  Germination 

Lodgepole  pine is noted  for  its  ability to regenerate  on  burned 
areas .   F i re  not  only releases  seed  from  serotinous  cones  present  in 
the  burned  stand but apparently  creates  conditions  suited to germination 
by creating a receptive  seed  bed  and  minimizing  moisture  and  light 
competition. 

Tackle  (76)  reports  that  lodgepole  pine  has a high  germinative 
capacity  without  pretreatment but that  stratification  does  hasten  germina- 
tion.  Edwards (34)  reports  that  studies by Guillebard  showed  stratification 
of seed  stored  for a year  increased  germination 88 to 300 per  cent. 
Bates (9)  states  that 80 per  cent of germination  capacity is achieved  after 
41 days  at 6 to 10 per  cent  moisture  content  with  fluctuating  diurnal  tempera- 
tures of 50 to 80° F. 

W 

Most  viable  seed  germinates  in the spring  following  dissemination, 
but a small percentage  can  exhibit  dormancy  that  delays  germination  one 
to two years (78). Both Tackle  (76)  and  Clements ( 2 2 )  have  reported  that 
germinative  capacity of seed  retained  in  serotinous  cones is not  seriously 
reduced  and w i l l  germinate  even  after 50 to 75  years ,  when finally  released. 
Tackle  did  find  that  seed  from  cones  in  slash above  ground  had  double  the 
germinative  capacity  and  viability of seed  from  cones  lying on the  ground. 
He also  suggested  that  the  best  germination  occurs  in  full  sunlight  and  on 
mineral  soil  or  disturbed  duff,  free of vegetal  competition. 

Extremely  dense  stocking  can  develop  after a burn.  Smithers  (70) 
reports  stocking  up to  one-half  million  per  acre  in  Alberta.  Stocking of 

i. 

W 



W 50,000 to 100,000 have  been  observed  on  different  areas  in  north-central 
British  Columbia.  Such  stocking  is  not  necessarily  consistent,  as  areas 
within  the  same  burn  can  be  found  which  have  not  satisfactorily  restocked. 
Obviously  site  conditions  and  fire  intensities,  as  well  as  seed  supply, 
greatly  influence  germination  and  survival. 

Prochnau  (61)  reports  that, while  both mineral  soil  and  humus 
seedbeds  promoted  fair to good germination,  mortality  was  high  on  humus 
after the first  season. He concluded  that  mineral  soil  seedbed  was 
essential  for good germination  and  survival,  but  that  mixed  seedbed 
apparently  promoted  greater  height growth. He also found that  germina- 
tion  and early  survival  were  greater  on a 10-year-old  burn  than  on a 10-year- 
old  logged a r e a ,  and  suggests  that 10 viable  seeds,  protected  against  rodents, 
are  required to obtain  one  established 4- to 5-year-old  seedling.  Gayle 
and  Gilgan ( 3 8 ) ,  in a greenhouse  study,  also found that  humus  improved 
topgrowth,  and  that  leached  burned  soil  provided  the  highest g e m  ination. 
Unleached  burned  soil  with a high ash  concentration  prevented  germination, 
apparently  as  the  result of high pH. 

Ackerman ( 3 )  reports  that  germination of pine is  improved  on  all 
seedbeds by irrigation but is  highest on mineral  soil.  Several  studies 
(17,  45, 52) have  stressed the importance of soil  moisture  on  microclimate, 
seed  germination,  and  early  survival, 

A tendency  for  heavier  stocking to develop  on  cooler  moist  northern 
to north-eastern  exposures  has  been  observed by Horton  (45),  although 
Crossley  (24) found that  cone  opening  and  seed  dispersal  were  greater  on 
exposed  aspects.  This would indicate  either  better  germination or  survival 
can be expected  where  seed is protected  from  extremes of temperature  and 
drought,  and  that  partial  shade  is  beneficial,  even though the  species is 
moderately  intolerant,,of  shade. 

.. 

I .  
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In a study of various logged areas   in  the  southern  interior of British 
Columbia,  Clark  (21)  observed  that the quantity of regeneration  and  species 
composition  had  been  controlled to a large  extent by the  amount  and  type of 
seedbed.  Lodgepole pine was  able to re-establish  under  nearly  all  conditions, 
but Douglas fir and  spruce  developed  primarily  on  disturbed  or  mineral  soil 
seedbeds.  Because  residual  stands  were  frequently  patchy  and  suitable 
seedbed  poorly  distributed,  regeneration w a s  usually  clumpy  and  inadequate. 
In the  south-east  Interior,  Illingworth  (46)  noted  similar  conditions,  with 
regeneration  where  loose  mineral  soil  provided  suitable  conditions  for 
germination.  Clumps of excessive  stocking  were  prevalent. An extensive 
reconnaissance of logged  pine type6 in  the  northern  Interior by the  author 
indicated  that  regeneration of associated  species  was  greatest  on  disturbed 
mineral  soil  seedbed. Lodgepole  pine  was  frequently  observed to regenerate 
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on  undisturbed  seedbeds  where  the  vegetation  and  slash  was  light to 
moderate  and  canopy  openings  in  residual  stands  were  sufficiently 
large to permit  at  least 7 5  per  cent of full  light to reach the forest  
floor.  Such  regeneration  was not consistent, tending to be distributed 
in  patches , and  was related to si te,   as  well   as to  residual  stand and 
seedbed  conditions.  Regeneration  was  most  evident  on  moderate  sites , 
with  light-textured,  well-drained but fresh  soils.  

Considerable  work  has  been done  in Alberta and elsewhere  on 
site  scarification and  manipulation of slash to encourage  regeneration. 
Ackerman (2)  reports  that  scarification  raised  the  level of stocking to 
minimum  Forest  Service  standards and  significantly  increased  the 
stocking of white  spruce  as  well  as  lodgepole  pine  seedlings.  Almost 
all  seedlings  occurred  on  either  mineral  soil  or  disturbed  seedbeds. 
Lopping and  scattering of slash without scarification  was not effective 
a s  a regeneration  technique. 

Similar  studiesby  Jameson (48) and  Cayford  (16,  17)  with  jack 
pine  indicated  that  scarification  can  improve  regeneration, but that 
results  are  modified by other  factors  such  as  soil,  depth of slash,  and 
distribution of cones  in s1as.h seed supply. Scarification  before  scattering 
of cone  bearing  slash  was  more  successful,  and  better  results  were 
achieved  on  light  sandy  soils than on clay  soils.  Manipulation of slash 
without site  disturbance did  not appreciably  improve  the  level of regenera- 
tion  obtained. 

Most  studies  in  lodgepole  pine  indicate  that  clear-cutting,  with 
some  form of scarification  and  dispersal of cone-bearing  slash, w i l l  pro- 
vide  conditions  suitable  for the development, of regeneration  and  also 
improve  stocking of associated  species  such  as white  spruce  or  Douglas 
fir. 

Clements (22)  considered  that  logged  areas  must  be  clear-cut 
and  slash  burned.  Such  treatment would reduce  competition  from  vegetal 
cover,  open  closed  cones  in  slash,  prepare a suitable  skedbed,  provide 
full  sunlight , and  eliminate  seed-  destroying  animals, which  he  deemed 
prerequisites  for  successful  regeneration.  However,  most  subsequent 
studies  have  indicated  that  manipulation of slash  and  strip  widths,  com- 
bined  with  seedbed  scarification,  can  provide  satisfactory  regeneration 
without  the hazard  often  associated with slash  burns. 

W 

Other  investigations  have  reported  that  partial  shade  from  residual 
- ,  

stands wi l l  encourage  superior  germination  and  survival. Day and Duffy (31) 
suggest  that  this  prevents  excessive  heating  or  drying of the soil  surface, 
provides a seed  source,  and  protects young seedlings  from  extremes  in  local 
climate--  and  tentatively  recommended  shelterwood  cutting. w 
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w Cayford  (17)  reports  that  scarification  increased  germination 
of red and  jack  pine but that  high  seedling  mortality  offset  most of the 
benefit. He suggests  that  such  treatment be combined  with  less  severe 
cutting  in order  to increase  crown  cover  shade. 

Kagis (50) investigated  the  effect of surface  temperatures  and 
moisture  levels on germination  and  survival and  concluded  that,  on 
freely  exposed  sites,  moisture  deficiency  and  surface  temperatures, 
particularly on organic  seedbeds,  were  such  that  germination  was 
drastically  reduced  and  conditions  could  be  lethal,  even  for  well-established 
seedlings. In strip-cutting,  germination and survival  were  significantly 
higher  on  the  shaded  south  edges  than  on  the  exposed  north  side.  This 
would indicate  that  judicial  manipulation of the  width of clear  cuts  on 
different  aspects  and  moisture  regimes  might  improve  probability of 
successful  regeneration.  Berry ( 1 3 )  has shown that  the  width of the clear 
cut  closely  governs  the  amount of light  reaching  the  ground.  Light-levels 
are  relatively  uniform  up to a width half the  stand  height  but  variability 
increases  greatly  for  wider  strips. 

In the summary,  silvical  studies  indicate  that  mineral  soil  seed- 
bed is  desirable and  perhaps  essential  for  germination  and  establishment 
of lodgepole pine and  that a certain  amount of shade  may be necessary to 
prevent  exposure to extremes of microclimate. 

Growth 

The growth of both individual  trees and stands of lodgepole pine 
has  been  extensively  studied,  Tree  response  and  stand  development  are 
closely  associated  with  stand  composition,  stocking,  age,  and  local ecology. 
The relationships of ecology 'to the silvic  characteristics of species 
development are  discussed  elsewhere  in  this  report. 

(a)  Seedlings--Lodgepole pine seedlings  require 2 to 3 years  to 
establish  themserves  after  germination.  Rapid  height  and  diameter 
growth  usually  commences  in  the  third  year  and  continues  for  at 
least  30 to 40 years,   unless the  density of stocking  forces  earlier 
stagnation of the  stand.  Ten-year-old  trees, 9 feet  tall,  have  been 
observed  on  average C-M sites--S. I. 70  a t  80 years. 

f 

The seedling  initially  forms a weak  tap  root  system , but is slow 
to anchor  itself  firmly.  Horton (43) found that  the  initial  system 
is stunted or  obscured by subsequent  lateral  root  development 
which is completed  before  the  tree  reaches pole  size.  Deep  rooting 
is most  evident  in  light  sandy  soils  and is restricted  on  sites  with 
high water  tables, heavy soils  or  impermeable  layers. 

V 
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Although  pine is  an  intolerant  species,  most  individuals  are 
able to maintain  themselvgs’in  conditions of sevefe  competition 
due to over-,stocking  for  considerable  lengths of time.  Since 
lodgepole pine commonly  regenerates  densely,  early  stagnation 
i s  a frequent  result.  Densities of upwards of one-half  million 
seedlings  per  acre  have  been  reported,  and  stocking  exceeds 
50,000  per  acre  on  many  sites  in  this  region.  Under  such  con- 
ditions, both diameter  and  height  growth  are  minimal,  although 
basal  area  is  little  affected. Under conditions of free  growth, 
diameter  increments of 0. 2 to 0. 3 inches  per  year  and  height of 
8 to 16 inches  per  year  are  normal  on  moderately  productive 
si tes  for  at   least  the f i r s t  30 years. 

In open  growing  conditions,  the  full  crown wi l l  remain  alive  and 
vigorous.  As  competition  increases,  foliage  on  the  lowest 
whorls  becomes  moribund  and  eventually  dies. Under intense 
competition,  only  the  upper few feet of the crown  will be alive. 

(b) Saplings  and Poles-- Horton (43, 44) investigated  seasonal 
development of pine saplings  and  reported  that  leader  growth 
commenced  in  early May and  continued for  almost 3 months. Good 
vigour  trees  achieved 25 per  cent of their  growth  after  July  1, but 
poor  vigour t rees  had virtually  completed  growth by this  date. He 
found no evidence of growth  trends  due to aspect  or  elevation, but 
suggested a relationship  existed  between  seasonal  temperature  and 
growth  patterns.  Growth  on  southerly  aspects  was  reportedly 
greater  and  commenced  earlier  than  on  other  aspects.  During  this 
stage of development,  the  lateral  root  system  develops a complex 
of vertical  roots,  which  tend to produce a heart-shaped  pattern 
which persists to maturity. He also  noted  that  the  maximum 
rooting  depth  was  less  than 12 feet ,  but concluded  that pine was 
windfirm  under  normal  site  conditions. If soil  conditions  prevented 
the  development of vertical   systems, wind throw susceptibility  could 
exist. 

In the  advanced  pole  stage,  under  light to moderate  competition, 
the  live  crown i s  25 to 50 per  cent  of the total  height, but can be a 
tuft  only a few feet  deep  in  overstocked  conditions.  Pine is generally 
a poor  pruning  species  and  dead  stubs  persist  for  many  years,  pro- 
ducing  knottty wood in  the  bole. 

Smithers (70, 72) reports  that  bole  form  and  diameter,  branch 
diameter,  and  tree  height  are  dependent  on  stocking  density. Bole 
form w i l l  vary  from  65  per  cent  in  low-density to 75 per  cent  in 
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W medium  density  stands, In the highest  densities,  the  stem  may 
show very  little  taper  over  its whole length, but such  stands  are 
so severely  overstocked  that  trees of commerical  value  and  size 
cannot  develop. Tree  branches  may be over 2 inches  in  diameter, 
with  little  upsweep  in  open-  grown  conditions,  but are   rarely  over  
3/4  inch  in  diameter and distinctly  upswept  in  medium  density  stands. 

In overstocked  stands,  weaker  individuals  are slow to succumb to 
suppression,  and  stagnation w i l l  persist  to maturity.  Natural 
release  seldom  occurs  and is rarely  achieved  after long periods 
of stagnation. In stands  where  closure  in not complete,  or  stag- 
nation is not evident,  excellent  results  have  been  achieved by 
thinning stands  under 60 years of age  (10). 

(c)  Mature  Stands--Pine  trees 18 to 22 inches d.  b. h. and 100 feet   or  
more  in  height  have  been  observed  frequently  in  stands  in  the 
north-central  region of the  province. One tree  over 30 inches 
d. b. h. and  another 115 feet  tall  have  been  measured  at  the  3,000- 
foot  level  in a moderately  stocked  stand  south of Houston. In 
stands  normally  exploited  for  sawlogs, on moderately  productive 
s i tes ,  dominant trees  are  more  generally 10 to 14 inches d.  b. h and 
70 to 90 feet  tall.  Stocking  affects  growth. In mature  stands  on 
similar  sites  at  densities of  200 s tems  per   acre ,  d.  b.  h. averaged 
11 to 14 inches , with  individuals  over 16 inches d.  b.  h. , and  heights 
averaged 85 to 90 feet,  while  in  stands of 2,000  stems  and  over  per 
acre,  average  height  was 65 to 7 0  feet  (4). 

Smithers (70)  reports  similar  observations. At  80  to 90 years  of 
age,  the 100 largest  trees  in a pine stand  dropped  in  average d. b. h. 
from  approximately 12 inches  at 250 stems  per  acre,  to 4 inches 
at  5,000  stems  per  acre.  Similarly,  average  stand  height  dropped 
from  over 70 feet to 40 feet.  The  greatest  reductions  occurred 
between 200 and 2,000 stems  per  acre.  Smithers found that,   at   al l  
levels of stocking,  high  sites wi l l  produce  larger  and  taller  trees 
than  poor  sites,  providing  stocking  is  equal. 

Smithers  also  reported  that,  on  sites of similar  productivity,  basal 
area  was  relatively  uniform  for  fully  stocked  mature  stands, 
regardless of stocking  density,and  provided  the  most  stable  measure 
of site  quality  and  potentiality. He  found a strong  correlation 
between  physiographic  site  and  basal  area.  This  suggests  that 
site  potentiality of areas  presently  supporting  mature  stands  can 
be determined  from  basal  area  measurement;  and  that, on unstocked 
areas ,   s i te   assessment   must  be based  on  physiographic  character- 
ist ics of the  site. On the other  hand,  average  height  or  site  index 
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cannot  provide a valid  estimate of site  productivity  because of 
the undue influence of stocking or  number of stems  per  acre. 

The effect of stocking on stand  growth  and  stagnation i s  
extremely  marked,  Volumes  in  mature  stands, 8 inches d. b. h. 
and over,  on  productive  C-M  sites  can  vary  from a high of 
4,000 to 5 ,000  cubic  feet down  to less  than 1 , 000 cubic  feet 
per  acre,  although  basal  areas  may  vary by less  than 5 per  cent. 

W 

Mature pine stands in  the  region rarely  persist   past  160 years 
of age without  the  stand  beginning to break up. The annual 
increment  after 120 to 140 years is frequently  negative,  as  losses 
through  decay  and  mortality  exceed new growth. 

The maximum m. a. i. occurs between 50 and 70 years of age  in 
moderately  stocked  stands, but economic  rotation  age  is  reached 
at  80 to  100 years  in  pure pine stands, and  up to  120 years  in 
mixed pine- spruce  stands. 

Smithers (72)  found a strong  relationship  between  crown  surface 
area  and  tree  diameter  size  and  reports  surface  area  increased 
from 100 sq. ft. a t  3 inches d. b.  h. to 900 sq. ft. a t  14 inches 
d.  b.  h. Studies of crown  size-  tree  growth  relationships  are  limited. w 

(d)  Growth  in  Residual  Stands--Since  the  main  lodgepole  pine  types 
in the  region are  relatively  even-aged  (within a 20-year  range)  and 
at   least  80 to 120 years  old when logged,  residual pine  in  such 
stands  generally  are  cull  trees  and  small  diameter  trees which 
a r e  uneconomic to use.  These  residual  trees  can  vary  from a 
few dozen to several  hundred  trees  per  acre. Such  cutting 
practices  are  silviculturally  justifiable  only if they are   necessary 
for  regeneration of the s i t e ,   o r  if release  increment  utilizes  growth 
capacity of the  site. 

While mixed  results  have  been  obtained  in  studies of re lease  res-  
ponse of lodgepole  pine,  most  investigators  report  that  diameter 
growth is not  stimulated,  and  local  investigations  indicate  similar 
results.  Illingworth  (46),  Clark  (21),  Fraser (37 ) ,  and  Armit  (4), 
have  made  independent  regional  observations  in  British  Columbia 

and  each  reports no evidence of sustained  release  even 15  to 20 
years  after logging in  mature  stands. 

In young pole- size  stands  under 50 years  of age  and  with  full 
crowns,  or  in  stands  where  conditions  have  created  multi-age 
groups , existing good growth  apparently  can be maintained beyond 
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that which occurs  in the  undisturbed  stand, but once  stagnation  has 
set  in  release  growth  is  uncommon,  Barrett (8) , Lebarron ( 5 3 ) ,  
and  Tackle (78) report  that  studies  in  the U.S.A. indicate  res- 
ponse is strongly  correlated with crown-size,  vigour,  and  the 
degree of release.  Illingworth (46 )  found no evidence of correla- 
tion of per  cent  live  crown  with  release. 

F r a s e r  (37) advises  that,  since  neither  growth  nor  regeneration 
of pine is  achieved,  mature pine stands  with  white  spruce-balsam 
understories  should be cut to a s  low a d.  b.  h. level  as  possible 
to foster  conditions  favourable to the  growth of a potentially  vigor- 
ous  under s tory. 

Cleaning and  thinning can  be  successful  in  sapling  stands if 
original  density  has not  produced  extreme  stagnation ( 5 6 ,   6 5 )  
but Tackle (78) reports  that  Crossley  found no evidence of release 
in  densely  stocked  stands  as young a s  14 years  of age. 

In a comprehensive  programme of lodgepole  pine  studies , investi- 
gations of tree  response  and  stand  development  in  relation to 
stand  composition,  stocking,  age,  and  site  are  extremely  important 
if maximum  yields  are to be obtained. In particular,  attention 
should be given to initial  and  juvenile  spacing  since  stagnation 
results  from  overstocking  during  this  formative  period. 

PROVENANCES AND RACES 

Distinct  climatic  races  can be distinguished  within the range of the 
inland form of lodgepole  pine,  according to Critchfield (25 ) .  European 
studies have  produced  conflicting  results but distinct  variations in  growth 
response  among  provenances  from  different  regions of British  Columbia 
have  been  recorded. 

Edwards (34 )  has  suggested  that  lodgepole pine i s  a polymorphic 
species,  differentiated  into  ecotypes  which  form  an  ecocline  from  the 
Pacific  coastal  form to the most  continental  form found in  Alberta.  The 
north to south  rainfall-temperature  gradient which occurs  in the  north- 
central  Interior of British  Columbia  suggests the existence of a similar 
north to south  ecocline,  with  significant  ecotypic  differences  between  pines 
of the  major  forest  zones. 

B. C. Forest  Service  personnel  have  observed  stands  and 
individual  trees , of the same  age  and  origin as their  neighbours, which 
have  highly  superior  growth  and  form  characteristics  demonstrating  the 
importance of provenance  investigations when planting  and  seeding  become 
accepted  regeneration  practice. 
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FOREST MANAGEMENT AND SILVICULTURAL  PRACTICES 

Pas t  - 
Until  the last  decade,  utilization of lodgepole  pine  was  based 

primarily on the harvest of all  trees  and  stands  with  economic va3.ue. 
Management  policies  were  concerned  with  supervision of forest   oper- 
ations  and  administration of the financial  interest of the  Crown. Little 
attention  was  given to management  planning or   c lear ly  defined  silvi- 
cultural  programmes  for  subsequent  development of regeneration  or 
improvement of residual  stands. 

Residual pine stands  varied  from  dense  stocking,  in  which 
occasional  dominants  had  been  extracted, to actual  clear-cuts? depend- 
ing on the percentage of t rees  of economic  size. On hewn and  sawn  tie 
operations  cutting  was  usually  limited to t rees  11 to  14 inches d.  b. h. 
with al l   larger  and smaller  trees  left  standing. On sawlog  operations , 
only  trees  over 12 inches d.  b.  h. were  extracted.  Residual  stands  varied 
from 50 to 500 trees  per  acre,  depending on the original  composition. 
When minor  products,  such  as  posts  and  cordwood,  were  extracted  along 
with  tie  and  sawlog  material,  actual  clear-cuts  often  occurred.  Such 
multi-product  extraction  was and still is very  limited  in  the  region,  hence 
clear-cuts  exist  on  only a minor  portion of logged  pine  stands. 

While it  seems  inappropriate to assign a silvicultural  objective 
to past  operations on the basis of cutting  method  and  results  achieved, a s  
suggested by some  foresters ,  the results  can be retrospectively  reviewed 
in  the  light of present  silvicultural  objectives in order  to modify  and 
develop  silvicultural  techniques. In a broad  sense,  present  silvicultural 
objectives  are  residual  stand  increment,  regeneration of the  next  crop, 
or  some  combination of both. On this  basis,  past  cutting  practices  failed 
to provide  consistently  satisfactory  results. 

In the  mature pine stands  logged,  the  silvics of pine a r e  not 
compatible  with  residual  stand  increment,  Various  studies  have shown 
that  residual  stands do not  produce  improved  increment,  and  that  regenera- 
tion is severely  inhibited. On areas  where enough of the mature  stand  has 
been  extracted to warrant  regeneration,  successful  regeneration  has  been 
the  exception.  Inadequate  seed  source,  poor  post-logging  site  conditions, 
lack of suitable  seedbeds , and  other  adverse  edaphic  conditions  have  contri- 
buted to this  failure. 
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Owing to the increased  importance of lodgepole  pine to the 
economy  and  the  failure of past  practices,  greater  effort  has been  made 
in  the  past  decade to relate  management  policies  and  silvicultural  practices 
to the  silvical  requirements of lodgepole pine and  associated  species. 

In stands  where  mature pine i s  a dominant  component,  manage- 
ment  policy  endeavours to develop  procedures,  regulations,  and silvi- 
cultural  techniques  which wi l l  permit  maximum  utilization of the  mature 
timber,  compatible  with the silvical  requirements  needed to promote 
regeneration  for the  next  crop. As lodgepole  pine  usually  develops  in 
comparatively  even-aged  stands,  cut  and  leave  layouts  are  used  in  the 
form of alternate  strips,  blocks,  or  patches, depending  on  topography 
and site  conditions,  with the intent of clear-cutting 50 per  cent of a 
stand.  Theoretically,  leave  areas would  be harvested when regeneration 
in the  cut area  has  become  well-established. 

Since  clear-cutting of the mature  stand  is  considered  silvi- 
culturally  desirable,  and  utilization  levels  control the  extent of clear- 
cut  conditions  created,  management  policies  have  been  introduced to 
improve  utilization. In stands  where  most  trees  are sawlog size (i. e. 
11 inches d.  b.  h. and  over),  extraction to 7 inches d.  b.  h. is  encouraged 
by stumpage  adjustments. In stands  where  most  trees  are  suitable  for 
stud  or  pulp  logs,  extraction of sawlog t rees  only is not  permitted, On 
such  areas,  an  operator  must  contract to cut  and  utilize  all  trees 8 inches 
d.  b.  h. and la rger ,  to a 6-inch top. It is probable  that  these  limits w i l l  
soon  be  mandatory  on  all pine sales. 

In most pine stands,  regeneration  efforts  after logging  have  been 
directed  at  achieving  stand  conversion to white  spruce  or  Douglas fir, 
which presently  have  greater  commercial  value.  The  intent  has  been 
to move to the  sub-climax  or  climax  species,  rather  than  disrupt the 
succession  and  revert to conditions  suitable  for  development of the  pioneer 
lodgepole  pine,  an  alternative  considered  suitable  only  on  the  drier low- 
productivity  sites. 

Occasionally,  stated  objectives  are  achieved. All too frequently 
the  policies a r e  not  effective  and  silvicultural  objectives a r e  not  achieved. 
Limitations  are  imposed by the  economics of pine  utilization,  post-logging 
conditions,  financial  ability to develop  and  implement  silvicultural  treat- 
ments,  and by the  lack of adequate  knowledge of the silvics  and  ecological 
interrelationships.  Since  the  interrelationships  are  poorly  understood, 
even  the  choice of conversion  versus  reversion  in  regeneration silvi-  
culture  is open to question. 
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Operations  in  immature pine or  mixed  stands  are  not  generally 
permitted,  as  large  areas  exist  bearing  high-priority  over-mature 
timber on  which early  harvesting  is needed.  Some  pine is cut  and 
thrifty  spruce  or  Douglas fir is reserved  for  further  increment,  but 
the current  trend is for   less  of such  cutting.  Instead,  such  stands  are 
either  reserved  from  cutting  until  maturity of the  thrifty  species , o r  
the stands  are  clear-cut,  sacrificing  some  growth  in  order to utilize 
the mature pine  when this is considered  necessary,  and  another  crop 
is regenerated. Thinning  and  improvement  cuttings are  presently 
uneconomic  and a r e  not practised  in  this  region. 

At present,  where pine represents 65 per   cent   or   more of the 
volume of a-stand, the  age of the pine  governs  cutting,  which  is  per- 
mitted  at 80 to 120 years  , depending  on  stand  condition  and current  growth, 
When white  spruce  or  Douglas fir form  larger  components, the age of 
these  species  governs  cutting,  which is permitted  at 120 to 160 years ,  
again  depending on stand  conditions. One limitation to cutting  in  pre- 
dominantly  mature pine stands is a policy  which  disallows  logging  oper- 
ations if a well-distributed  understory of white  spruce  or  Douglas fir, in 
excess of 200 stems per ac re ,  is present.  This  policy is flexible  and 
cutting is often  permitted,  after  silvicultural  examination,  under  regula- 
tions  intended to protect  the  understory  trees.  Limitation  on  machinery, 
modification of logging  methods , reserve  blocks , and  logging  plan  lay- 
outs a r e  techniques  employed to protect  such  regeneration. 

On large  portions of this  region,  certain  mature  stands of dense 
small  dimension  timber,  and  all  trees  unsuitable  for sawlog  production, 
have  been reserved  for pulp  production to ensure  that  hi-grading  is 
discouraged  and  that  maximum  utilization  and  economic  returns  are 
encouraged. 

At present,   there  are no broad  silvicultural  programmes which 
provide  for  regeneration of logged  pine  sites.  Direct  seeding , planting , 
burning,  and  scarification  projects  have  been  limited  primarily to re-  
search  investigations. 

Modification of management  policy is desirable, but our know- 
ledge of silvical-  ecological  interrelationships  are  inadequate  for the 
development of sound silvicultural  techniques to achieve  objectives. 

Silviculture wi l l  be  concerned  for  many  years  with  harvest 
cutting of mature pine stands  and  regeneration of unstocked  sites. 
Large-scale  developments  in  increment  cutting  or  in  high-yield silvi- 
culture  are  unlikely  within the  next  generation. 
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The primary  concern of research wi l l  be  development of 
cutting  methods  and  silvicultural.  techniques  which w i l l  create  environ- 
mental  conditions  compatible  with  economic  regeneration of denuded sites. 
The present  emphasis  on  the  sale , harvest ,  and  utilization of mature 
values  with  control by regulation,  contract, and field  supervision  must 
be amended to encourage  the  introduction of silvicultural  practices  based 
on  local ecology. 

Even-  age  management , with  maximum  utilization  and  subsequent 
regeneration  may be compatible  with  the  ecological  requirements of pine 
sites,  Management  foresters  must be supplied  with  silvical  and  ecologi- 
cal  data  which w i l l  permit  them to develop  policies  which  recognize 
ecological  and  silvical  limitations to silvicultural  techniques. 

PRIORITY EVALUATION 

Silvical  and  silvicultural  research  on  lodgepole pine in  British 
Columbia  pertinent to the north-central  Interior is so limited  that  the 
problem of initiating  studies i s  "where do we start?",  rather than  "what do 
we  study?".  Investigations  can  be  justified  in  almost  any  field of silvics. 

Initial  efforts  must  be  concerned  with  the  silvical  problems which 
are  most  likely to produce  information  immediately  useful to foresters  
in  the  application of silvicultural  treatments. At the  same  time,  basic 
studies  are  necessary to obtain  an  understanding of the  ecology of lodge- 
pole  pine before  sound  silvicultural  measures  can be introduced. 

Lodgepole  pine stands  are  primarily even-aged.  The  silvical 
data  indicate  such  stands  cannot  be  selectively  logged  satisfactorily,  in 
terms of release  growth  or  regeneration.  Some  form of clear-cutting 
wi l l  prevail to permit  maximum  utilization of  the crop  stand. The f i r s t  
concern of silviculturists w i l l  be to secure  satisfactory  regeneration 
promptly  and  economically,  because  satisfactory  regeneration is not con- 
sistently  secured  under  present  utilization  standards  and  intensity of 
silvicultural  practice. The highest  priority  therefore  must be given to 
studies  concerned with regeneration of unstocked  sites. 

Studies  must  encompass  applied  and  basic  research, 

With reservations , the  silvical  characteristics of lodgepole  pine 
1 

a s  outlined by Smithers (72) and  Tackle (78) can be accepted as an  interim 
basis  for  research  in the  region.  Studies are  considered  necessary  in 
those  aspects  which  are  critical  in  respect to regeneration,  such  as  seeding 
habits , germination,  seedbed  requirements , and  habitat  conditions  required 
for  successful  survival  and  establishment.  Such  investigations  may 
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replicate  work  done  elsewhere, but  the  polymorphic  nature of the  species 
and  the differences  in  reported  silvical  characteristics  and  species 
responses owing  to regional  and  racial  differences  suggest  that  it would 
be unwise to take  for  granted  those  features which wi l l  directly  affect 
regeneration, 

Silvicultural  management  involves  planned  interruption of the 
natural  succession of forest  communities. To  do so successfully, a 
forester,  in  addition to knowing the  silvical  nature of pine,  must  under- 
stand  the  ecological  framework of the  forest,  the  silvical  response to the 
environmental  conditions, and  the limitations  that the local  ecology  im- 
poses on silvicultural  manipulation of site  conditions to achieve  manage- 
ment  objectives. In order  to  do this,  however, he must   f i rs t  be  able to 
recognize  major  ecozones  or  ecologically  different  sites. High priority 
must be given to developing a forest-site  classification  based  on  vege- 
tation  and  factors of the  environment  which w i l l  define  homogenous a reas  
into a hierarchy of significantly  different  ecological  units  which  can be 
readily  recognized by the  field  man. 

At the same  time  there  must  be  studies to 'determine the actual  envirorr 
mental  conditions  and  interrelationships  characterizing  the  region,  Those  con- 
ditions  which  may  limit  pine  development  require  early  investigation. It 
is suggested  that  initial  ecological  studies  within  each  major  ecozone  should 
be directed to investigation of soil  types,  soil  properties,  macro-  and  micro- 
climatic  conditions  and  their  relationships to pine  development,  particularly 
regeneration. 

W 

As existing  climatic  data  are  inadequate,  it is suggested  that  several 
weather  instrument  stations be located  in  productive  pine  sites  in the a reas  
of major  silvicultural  and  ecological  importance. By moving  such  stations 
over a period of years ,  knowledge can be accumulated  gradually  for the 
major  ecoclines of this  region.  This  permits  investigation of the relation- 
ship of climatic  conditions to pine  development. 

On sites  where  regeneration  can  be  expected  with  reasonable 
certainty,  moderate  priority  should be given to silvicultural  treatments to 
control  species  composition,  stocking,  tree  quality,  and  utilizable wood 
volumes.  Similar  priority  applies to silvical  and  ecological  studies  con- 
cerned  with  optimum  use of site  capacity. 

There is also a great  need to initiate  long-term  studies  even though 
today  they do not ra te   as  highly a s   more  expedient  problems  associated  with 
current  silvicultural  practice.  Priority  must be given to problems  concerned 
with  seed  for  artificial  regeneration,  Since  it is likely  that  large  quantities of 

i ' 

'W 
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seed w i l l  be  required  for  seeding  and  planting  purposes,  consideration 
should be given to methods of producing  consistent,  high-quality  seed 
crops  from  managed  natural  stands. The importance of provenance 
studies to identify  racial  differences  in  connection  with  seed  transfer 
rules should be recognized  and  studies  initiated  without  delay.  Finally, 
tree-breeding  studies  should  not be postponed as   this  is the  one  field 
in  which  nature  can be improved. 

Growth  and  yield  knowledge  will  become  urgently  needed  within 
the  next  decade.  Silvicultural  investigations of thinning regimes  in 
pure  and  mixed  stands  are  required now. Mensurational  howledge of 
increment,  yields,  and  rotations,  as  well  as  information on  the structure 
and  development of stands  according to alternative  management  practices , 
w i l l  have  great  economic  significance  in  the  future  and  must be initiated 
many  years  in  advance of the  need  for  the  information. 

PROPOSED RESEARCH  PROGRAMME  FOR 
THE PRINCE  RUPERT  FOREST DISTRICT 

It is  proposed to limit  pine  studies  to  the  forest  areas  within 
approximately 50 miles  on  either  side of Highway 16, between  Hazelton 
and Prince  George  for  the  first  decade.  This  includes  much of the Sub- 
alpine  and  Montane  Transition  zones,  and  areas of 'current  economic 
importance  in  the  north  central  Interior. 

It is  apparent  that a programme  should  encompass a number of 
botanical,  ecological , silvical,  and  silvicultural  investigations.  These 
have  been  divided  into two groups of studies; the f i r s t   fo r  B. C. Fores t  
Service  attention,  and  the  second  for  the  consideration of other  research 
agencies. 

Studies  Proposed  for  Research  Division, B. C. Forest   Service 

Investigations  listed  were  determined by a policy  that all  studies 
concerning  regeneration by natural and artificial  means  constitutes a 
primary  responsibility  of  the  Forest  Service. 

1. Studies  on  Silvicultural  Treatment-- The management  forester,  con- 
cerned with current  harvest  areas  cannot  wait  for  the  accumulation 
of silvical  and  ecological  data  but  must  use the best  available  informa- 
tion  and  silvicultural  treatments.  Studies of silvicultural  application 
are   required to determine which  methods  most  probably will  provide 
successful  regeneration  and  stand  development. The  following studies 
are  proposed: 

V 
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1. 1. Scarification  studies , including  those  on  methods , quantity 
and  quality of treatment,  application  requirements , differences 
in  treatments  between  ecozones , and  effects  on  germination, 
survival,  and  early  stand  development. 

1. 2. Methods to improve  quantity  and  dispersal of seed-release 
from  serotinous  cones  in  slash,  including  disposal of slash 
by lopping  and scattering,  machine  spreading,  crushing,  and 
scarification. 

1. 3. The  effects of slash-burning with  and  without  other  silvicultural 
treatments to determine  the  effects  on  seed  release,  seedbed, 
germination,  survival,  and  distribution. 

1.4. Seeding  and  planting trials to determine  successful  economic 
artificial  regeneration  methods. 

1. 5. Species  trials to determine  the  relative  performance of pure and 
mixed  indigenous  coniferous  species  under  various  habitat 
conditions. 

1. 6 .  Cleaning  and  spacing  trials to determine  standard of stocking  for 
artificial  or  natural  regeneration. 

1.7. Provenance  trials of indigenous  coniferous  species  to  determine 
superior  seed  sources  and  seed  transfer  rules. 

1. 8. An investigation of methods of consistently  producing  high  quality 
seed  from  seed  production  areas. 

W 

i 

2. Silvical  Studies  (Autecology)  --Knowledge is needed to determine what 
local  climatic,  edaphic,  and  habitat  conditions  favourably  influence 
pine  regeneration.  This wi l l  involve  studies  in  phenology,  fruiting , 
seed  dispersal,  germination,  and  seedling  development. But the level 
of this  research wi l l  ra re ly  go beyond interpretation of gross  relation- 
ships.  Fuller  understanding of why these  relationships  occur  ordinarily 
wi l l  require  facilities  for  basic  nesearch.  Such  fields  are  recommended 
for  consideration by other  research  agencies. With the passage of time, 
a joint  contribution of knowledge w i l l  account  for the  community-environ- 
ment  complex.  Therefore  our  specific  studies  are  proposed  as  follows: 

2. 1. Annual seedfalls  and  seed  dispersal  patterns  in  relation to the 
environment. 
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3. 

4. 

2.  2. Seasonal  and  zonal  variation  in  se-rotiny of pine  cones. 

2. 3 .  The  effect of environmental  factors upon germination,  survival, 
and  phenology of pine,  including  factors of seedbed,  soil, 
nutrient  requirements,  microclimate , and  aspect. 

Forest  Site  Classification--  There is a need to develop a classifica- 
tion  based on vegetation  and  factors of the  environment  which w i l l  
define  homogenous a reas  into a hierarchy of significantly  different 
ecological  sites. 

Tree  Improvement- - A tree-  breeding  programme is recommended to 
develop  superior  crosses  or  strains of lodgepole pine. 

Studies  Proposed  for  Other  Research  Organizations 

In addition to the  studies  outlined  under  1, 2 ,  3, and 4 , there 
a r e  a number of studies  in  several  fields of research  urgently  needed.  These 
concern  disciplines beyond our  scope  and  in  most  cases  require  specialized 
instrumentation  and  laboratory  facilities. They are  concerned  with  soil 
classification,  silvics,  ecology,  silviculture , and  mensuration. It i s  hoped 
that  appropriate  agencies wi l l  give serious  consideration to these  suggested 
topics so that  there  may be a comprehensive,  concerted,  and  co-ordinated 
lodgepole  pine research  programme. 

Studies  are  recommended  concerning : 

Classification  and  investigation of soils with emphasis on parent 
material,  genetic  development,  structure , and  physical and 
chemical  properties. 

Soil  environment - biotic  relationships,  including  soil  moisture , 
temperature,  and  physical and chemical  properties , and  the  relation- 
ship  with  root,  bole  and  crown  development. 

Interactions  and  relationships of stand  densities  and  stand  treat- 
ments  with  soil  properties, snow and  moisture  conditions,  radiation 
intensities,  plant  activity,  foliage  development,  and  energy 
a s  similation. 

Influence of fire  (controlled  and  wild) upon the  environment, 
productivity  for  tree  growth,  and  successional  development. 
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Mensurational  studies  of: (i) stand  structure  and  development, 
(ii) increments , yields  and  rotations, and (iii) dry  matter 
production, by weight  and  volume , of the  various  tree  compon- 
ents,  related to si te and  density. 

Thinning practices :- (i) physiological  and  ecological  basis , 
(ii) silviculture of thinning young aged  stands , and (iii) work 
studies  in  relation to thinning practices. 

Assessment of the natural  ecological  community,  and  its 
phenological  development, by selection  and  examination  within 
the  north-central  Interior of a se r ies  of ecological  units, 
representative of the major  forest  associations,  physiographic 
continuums,  and  ec  ozones. 

Research  in  pathology,  entomology,  and  fire  protection  has not 
been  reviewed  in  this  report  as  these  fields  are  currently  the  responsibility 
of the  Canada  Department of Fores t ry ,  by mutual  agreement. 

ORDER OF PRIORITY 

Priority is not stressed,for  while  certain of the problems  enumer- 
ated  have  greater  urgency than others,  all  are  important in te rms  of the 
need  for  acquiring  silvicultural knowledge in the  next  decade. 

The actual  order of priority  must be influenced by expedient  factors, 
such  as the  availability of suitable  sites  for  specific  projects, the  possibility 
of co-ordinating a number of projects  in  one  general  area, and accessibility 
and distance  from  headquarters. 

The speed of implementation w i l l  be governed by personnel,  funds, 
and  facilities  made  available, 

However,  since  some  studies  have  more  urgency  than  others, the 
following  priorities wi l l  be recognized  unless , for  expedient  reasons , studies 
of the  second  and  third  order  take  precedence. 

F i r s t  - 1. 1 2. 1 3 . 0  4.0 
1. 2 2. 2 
1.3 
1.4 

Second - 1.5 2.3 
1.6 

Third - 1.7 
1 . 8  

lu’ 
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V Some of these  studies w i l l  involve the co-operation of the Fores t  

Service  headquarters  staff  at  Victoria  in  acting  as  project  leaders, 
co-ordinators,.  or  advisers,  particularly when the  studies  expand  from a 
district  to a multi-district  basis. In some  cases,  Victoria  staff wi l l  have 
to be  entirely  responsible  for  activities  such  as  tree-breeding  and  study of 
forest  site  classification. 

While this is proposed  primarily  as a lodgepole pine programme, 
i t  is not  intended  to  exclude all  work  dealing  with  other  species. In a 
number of projects, the  objective w i l l  be to determine  the  relative 
behaviour of lodgepole  pine  compared to that of other  species. 

In other   cases ,  the regional  research  officer  might be asked to 
establish  provenance  trials of spruce  or  Douglas fir from  the  programme 
of another  district, to test  a piece of equipment, o r  to maintain a weather 
record  as  co-operation  in a province-wide  project.  Current  studies of 
other  species,  primarily  concerned  with  regeneration  problems,  also wi l l  
be  continued. 



- 42 - 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

BIBLIOGRAPHY OF REFERENCES AND LITERATURE CITINGS W 

ACKERMAN, R. F. 1957 - The  effect of various  seedbed  treatments 
on the  germination  and  survival of white  spruce and 
lodgepole  pine  seedlings - Canada Dept. Northern 
Affairs  and  National  Resources,  Forestry  Branch, 
Forest  Research  Division  Tech. Note No.  63. 

1962 - Regeneration  following  strip  clear-cutting 
scarification  and  slash  disposal  in a lodgepole  pine 

.L stand. - Canada Dept. of Forestry,   Forest   Research 
Branch  Tech.  Note No.  123. 

196 2 - Modifications  in  the  environment of lodgepole 
pine germinants  induced by scarification. - Canada 
Dept. of Forestry,  Forest  Research  Branch,  Alberta 
62 - 13 Unpublished M.S.S. 

ARMIT, D.  M. 1963 - Some factors  affecting  the  establishment of 
white  spruce  under  lodgepole  pine  stands  logged  to 
various  limits of merchantability. - Prov.  of 

Div. E. P. 591. Unpublished progress  reports. W’ 
J British  Columbia, B. C.  Forest   Service,   Research 

1964 - Cone  Habit of Lodgepole Pine - Miscellaneous 
Note, B. C. Forest   Research Review - 1964. 

BAKER, F. S. 1934 - Theory  and  practice of silviculture.  Textbook - 
McGraw-Hill Book Co. , N. Y. 

1950 - Principles of Silviculture.  Textbook - 
McGraw-  Hill Book CO. , N, Y. 

BARRETT, J. W. 1961 - Response of 55-year  old  lodgepole  pine to 
thinning. Pacific  Northwest  Forest  and  Range 
Experiment  Station.  Research  Note No.  206. 

9. BATES, C. G. 

10. B. C. FOREST 
SERVICE 

1930 - The  production,  extraction  and  germination of 
lodgepole  pine  seed. U. S. Dept. of  Agriculture  Tech. 
Bulletin 19  1. 

- Annual Reports, 1940- 1962. 
W ’  



- 43 - 

V 11. 1957 - Continuous forest  inventory of British 
Columbia - initial  phase.  Surveys  and  Inventory 
Division. 

12. Empirical  Yield  Tables, 1937- 1957. 
1 For  lodgepole  pine  and  white  spruce. 

12a.  1965 - Forest   Research Review. 

13. BERRY , A. D. 1964 - Effects of s t r ip  width  on  proportion of daily 
light  reaching  the  ground - Reprint  from  Forestry 
Chronicle,  March, 1964, Vol. 40, No.  1. 
Canada Dept. of Forestry,   Forest   Research  Branch. 

~* 

1951 - Natural  regeneration  of  lodgepole pine  on 
seedbeds  created by clear-cutting  and  slash  disposal. 
U.S.F.S. Northern Rocky Mt. Fo res t  and  Range 
Experimental  Station  Research  Note No.  99. 

1951 - Reproduction of cut-over and burned-over  land 
in Canada.  Canada  Dept. of Resources  and  Development, 
Forestry  Branch,  Silv.  Research Note. No.  92. 

w 16. CAYFORD, J. H. 1958 - Scarifying  for  jackpine  regeneration  in  Manitoba. 
Canada Dept. of Northern  Affairs  and  National 
Resources,   Forestry  Branch  Forest   Research 
Division  Tech.  Note No. 66. 

17. 1959 - Germination  and  survival of jackpine  and  red 
pine after  scarification  in  southeastern Manitoba. 
Canada Dept. of Northern Affairs and  National 
Resources , Forestry  Branch,  Forest   Research 
Division  Tech.  Note No. 78. 

18. 1961 - Results of a 1927 jack  pine  thinning  in 
Saskatchewan.  Canada  Department of Forestry , Fores t  
Research  Branch Techn.  Note No. 107. 

5 19. 1961 - Broadcast  seeding  jack pine at  weekly  intervals 
in Manitoba.  Canada Dept. of Forestry,   Forest  
Research  Branch.  Tech.  Note No. 106. . *  

20. CHROSCIEWICZ, 2. 1963 - The  effects of site on jack  pine  growth  in  northern 
Ontario.  Canada Dept. of Forestry,   Forest   Research 
Branch,  Publication No. 1015. 

V 



- 44 - 
21. CLARK, M. B. 1961 - Report  on  regeneration  conditions  in  cut- 

over  lodgepole  pine  stands,  Kamloops  Forest 
District. A problem  analysis. B.  C. Fores t  
Service,  Research  Division, E. P. 559, Unpublished 
report. 

22. CLEMENTS, F. E. 1910 - The life  history of lodgepole  pine  burn  forests. 
U. S. D. A. Forest  Service  Bulletin No.  79. 

i 

23. CRITCHFIELD, W. B. 1957 - Geographic  variation  in  Pinus  contorta. 
Maria  Moors  Cabot  Foundation  Publication No. 3 
Harvard Univ. Cambridge,  Mass. 

24. CROSSLEY , D. I. 1955 - The production  and  dispersal of lodgepole  pine 
seed.  Canada Dept. of Northern  Affairs  and  National 
Resources,   Forestry  Branch,  Forest   Research 
Division,  Tech. Note No.  25. 

25. 1956 - Fruiting  habits of lodgepole  pine.  Canada 
Dept. of Northern  Affairs  and  National  Resources, 
Forestry  Branch,  Forest  Research  Division, 
Tech.  Note No. 35. 

26. CROSSLEY, D. I. 1956 - Mechanical  scarification  and  strip  clear- 
W 

cutting to induce  lodgepole pine regeneration.  Canada 
Dept. of Northern  Affairs  and  National  Resources, 
Forestry  Branch,  Forest  Research  Division, 
Tech.  Note No.  34. 

27. 1956 - The chemical  control of density  in young 
stagnating  stands of lodgepole pine. Canada Dept. of 
Northern  Affairs  and  National  Resources,  Forestry 
Branch,  Forest  Research  Division,  Tech. Note 
No.  39. 

28. 1956 - Effect of crown  cover  and  slash  density  on the 
release of seed  from  slash-borne  lodgepole pine  cones. 
Canada Dept. of Northern  Affairs  and  National 
Resources,   Forestry  Branch,  Forest   Research . ’  

Division,  Tech. Note No.  41. 

29. DAHMS , W. G. 1963 - Dispersal of lodgepole  pine  seed  into  clear-cut 
patches.  Pacific  North-west  Forest  and  Range 
Experimental  Station, U. S. D.  A. Research  Note. No. 3. 

C ’  

V 



W 30. 

1 31. 

3 2. 

33. 

3 4. 

w 3  5, 

36. 

- 45 - 
DAY, R. J. 1964 - The  micro-environments  occupied by spruce 

and fir regeneration  in  the Rocky  Mountains.  Canada 
Dept. of Forestry,   Forest   Research  Branch, 
Publication No.  1037. 

& DUFFY, P. J. 1963 - Regeneration  after  logging  in  the 
Crowsnest  Forest,  Canada Dept. of Fores t ry ,  
Publication No. 1007. 

DOBIE, J. & 1964 - Lumber  and  pulp  chips from small  logs - 
McBRIDE, C. F. a new method.  Canada Dept. of Fo res t ry ,   Fo res t  

Products  Research  Branch  Contribution No. P-78. 

DUFFY, P. J. 1964 - Relationships  between  site  factors  and  growth 
of Lodgepole  pine  (Pinus  contorta Dougl. var. 
Latifolia  Engelm. ) in  the  foothills  section of Alberta. 

EDWARDS, M. V. 1954 - A summary of information  on  Pinus  contorta, 
with  special  reference to its  use  in  Europe. 

FARSTAD, L.. & 
KELLY, C.  C. 

& LAIRD, 

37. FRASER, A. R. 

3 8. 

5 

GAYLE, W. B. & 
GILGAN, W. W. 

Forestry  Abstracts Volume 15 No.  4 and  Volume 
16 No. 1. 

1946 - Soil  survey of the Prince  George  area, 
British  Columbia. B.  C. Dept. of Agriculture, B. C. 
Soil  Survey No. 2. 

D.  G. 1954 - Soil  survey of the Quesnel,  Nechako , 
Francois  Lake,  and  Bulkley-Terrace areas in  the 
central  Interior of British  Columbia, B.. C. Dept. 
of Agriculture, B. C. Soil  Survey  Report No. 4. 

1949 - Development of the  lodgepole  pine  types  in 
the  North-central  Interior following selective  cutting 
for  railroad  ties. B. C. Forest   Service,  
Research  Note No.  16. 

1951 - The  effect of slash  burning  on  germination 
and  primary  survival of lodgepole  pine  and  Douglas 
fir. University of British  Columbia,  Forest  Club 
Research Note No. 2. 

GOVERNMENT O F  CANADA 1958- 1962 - Annual  Reports of the  forest  insect 
and  disease survey. Canada Dept. of Fores t ry ,   Fores t  
Entomology  and  Pathology  Branch. 

W 



- 46 - 
40. GOVERNMENT O F  CANADA 1958-  1962 - Annual Reports of Fores t  

Biology Rangers , British  Columbia,  Canada , 
Dept. of Agriculture,  Forest Biology Division. 

41. HORTON, K. W. 1955 - Early  development  in a sub-alpine  lodge- 
pole  pine  stand of fire  origin,  Canada Dept. of 
Northern  Affairs  and  National  Resources , Fores t ry  
Branch,  Forest  Research  Division  Tech. Note 
No. 16. 

W 

42.  1956 - The ecology of lodgepole pine in  Alberta 
and  its  role  in  forest  succession.  Canada Dept. 
of Northern  Affairs  and  National  Resources, 
Forestry  Branch,  Forest   Research Division  Tech. 
Note No. 45. 

43. 1957 - Rooting  habits of lodgepole pine. Canada 
Dept. of Northern  Affairs  and  National  Resources, 
Forestry  Branch,  Forest   Research Division  Tech, 
Note No. 67. 

44. 1958 - Seasonal  growth of lodgepole  pine  in  the  sub- 
alpine  forest of Alberta.  Forest  Chronicle Vol. 34 (4). 

W 

45. & MacHATTIE, L.  B. 1963 - Influences of microclimates  on 
mortality  and  growth of planted  white  spruce,  jack 
pine  and  white pine. Canada Dept. of Fores t ry ,  
Forest  Research  Branch Note No. 511 Reprint  from 
Forest  Chronicle Vol. 39 (3). 

46. ILLINGWORTH, K. 1961 - hdgepo le  pine  in  the  south-east  Interior of 
British  Columbia. A problem  analysis.  Province 
of  B.  C. , B.  C. Forest   Service,   Forest   Research 
Division E. P. 577 , Unpublished  report 22 p.  p. 

47. &ARLIDGE, J. W. 1960 - Interim  report  on  some  forest  site  types 
in  lodgepole  pine  and  spruce-alpine fir stands. Dept. 
of  Lands  and Fores t s ,  B. C. Forest   Service,   Forest  
Research  Division,  Research Note No. 35. 

48. JAMESON, J.S. 1961 - Observations  on  factors  influencing  jack pine 
reproduction  in  Saskatchewan.  Canada Dept. of 
Forestry,   Forest   Research Division  Tech. Note 
No. 97. 

W 



- 47 - 

V 49. JENKINS, J. H. 1956 - A review of Canadian  forestry  utilization 
practices.  Canada Dept. of Northern  Affairs  and 
National  Resources,  Forestry  Branch,  Forest 
Products  Laboratories of Canada. 

t 50.  JEWESSON J;-H. & DANYLUK, W. 1951 - The  comparative  viability 
of seeds  from  different  parts of the  cones of 
interior  Douglas fir and  lodgepole  pine.  University 
of British  Columbia,  Forest  Club,  Research  Note 
No. 4. 

51. JOHNSON, H. J. 1955 - The effects of various  slash  disposal  methods 
on  the  regeneration of cut-over  jack pine  stands. 
Canada Dept. of Northern  Affairs  and  National 
Resources,   Forestry  Branch,  Forest   Research 
Division.  Tech.  Note No.  23. 

52.  KAGIS, A. 1962 - Germination  and  survival  in  relation to some 
features of the  climate  near  the ground.  Canada 
Dept. of Forestry,  Forest  Research  Division, 
Unpublished report  20 p.  p. 

w 53. LeBARRON, R. K. 1952 - Silvicultural  practices  for  lodgepole pine  in 
Montana. U. S .  D. A. Forest   Service,  Rocky Mt. 
Fores t  and  Range  Experimental  Station,  Station 
paper No.  33. 

54.  MASON, D. T. 1915 - The  life  history of lodgepole  pine  in  the Rocky 
Mountains, U. S .  D.  A. Forest  Service  Bulletin 
No. 154. 

55. MATTHEWS, J. D. 1963 - Factors  affecting the  production of seed by 
forest  trees.  Forest  Abstracts  Article No. 32 
Vol. 24.  No. 1 Commonwealth  Agricultural  Bureaux. 

56.  MOWAT E. L. 

57.  NORDIN, V. J. 

1949 - Preliminary  guides  for  management of lodge- 
pole  pine  in  Oregon  and Washington. Pacific  North- 
West  Forest  and  Range  Experimental  Station  Research 
Note No.  54. 

1954 - Fores t  pathology  in relation to the  management 
of  lodgepole  pine  in  Alberta.  For.  Chronicle Vol. 30 
No. 3. 



- 48 - 
58. &HOPPING, G. R. 1962 - Entomology  and  Pathology of 

59. PARKER, H. A. 

60. 

61. 

6 2. 

63. 

64. 

65. 

66. 

PROCHNAU, A. E. 

lodgepole  pine  in  Alberta.  Canada Dept. of 
Forestry  (Reprint  from  Lodgepole pine in 
Alberta by L. A. Smithers) Dept. of Fores t ry  
Bulletin No. 127. 

1942 - Dominant  height  and  average  diameter  as 
a measure of site  in  untreated  even-aged  lodge- 
pole  pine  stands.  Canada Dept. of Mines  and 
Resources,  Forest  Service,  Silvicultural  Research 
Note. No. 72. 

1944 - Effect of si te and  density  on  lodgepole pine 
seedling  growth.  Canada Dept. of Mines  and 
Resources , Forest  Service  Silvicultural  Leaflet 
No.  20. 

1963 - Direct  seeding  experiments wi th  white spruce, 
alpine  f ir ,  Douglas fir and  lodgepole pine in  the 
central  Interior of British  Columbia. Dept. of 
Lands,  Forests  and  Water  Resources, B. C. Fo res t  
Service,  Research  Division. Note No. 37. 

w 
PROVINCE OF BRITISH  COLUMBIA 1960- 1962. 

QUAITE , J. 

RENNIE, P, J. 

Climate of British  Columbia, Dept. of Agriculture, 
Annual R epo r ts  . 
1957- 1959 Fort  Fraser-Fort  George  Bulletin  Area. 
No. 7 ,  Prince  Rupert-Smithers  Bulletin  area No. 8 ,  
Dept. of Lands  and  Forests - Lands  Service. 

1959 - B. C. Forest   Service - Stand  Treatment 
Manual Dept. of Lands,   Forests and  Water  Resources. 

1947 - Severe  thinning  in  an  overstocked  lodgepole 
pine  stand.  Canada Dept. of Resources  and Develop- 
ment,  Forest  Service  Silvicultural  Leaflet No. 47. 

1963 - Methods of assessing  forest  site  capacity. 
Canada Dept. of Fores t ry ,  Fore st  Research  Branch, 
contribution No. 543 (reprint  from  Commonwealth 
Fores t ry  Review Vol. 42 No. 114). 



- 49 - 
W 67. ROE, A. L. & BOE, K. N. 1952 - Spot  seeding  on a broadcast  burned 

lodgepole pine clear-cutting. U. S. D.  A. Fores t  
Service  North Rocky Mt. and  Range  Experimental 
Station  Research Note No. 108. 

a 68. ROWE, J. S. 1962 - Soil  site  and  land  classification.  Canada 
Dept. of Fores t ry  , Forest  Research  Branch 
(Reprint  from  Forestry  Chronicle Vol. 38 NO. 4). 

I 

69. SHEPHERD, R. F. 1962 - Influence of aspect  and  altitude upon a i r  
temperature  and  shoot  development of lodgepole 
pine,  Canada Dept. of Fores t ry ,   Fores t  Entomology 
and  Pathology  Branch,  Unpublished  report. 

70. SMITHERS, L. A. 1956 - Assessment of site  productivity  in  dense 
lodgepole  pine  stands.  Canada Dept. of Northern 
Affairs  and  National  Resources,  Forest  Branch, 
Forest  Research  Division, Tech.  Note No. 30. 

7 1. 1957 - Thinning  in lodgepole  pine  stands  in  Alberta. 
Canada Dept. of Northern  Affairs  and  National 
Resources,   Forest   Branch,  Forest   Research Division , 
Tech.  Note No.  52. 

7 2. 1962 - Lodgepole  pine  in  Alberta. 
Canada Dept. of Forestry,  Bulletin No. 127. 

73. SYMPOSIUM - 1964 - MATTE, F . ,  BONNEY, R. S .  , LOSEE, S. T. , 
LA FRANCE, R. 
Some  aspects of jack pine  management. Woodlands 
Review. April  (Section Index #2294 (F- 2) W. R. 
182- 189). 

74. TACKLE, D. & CROSSLEY , D. I. , 1953 - Lodgepole  pine  bibliography, 
U.S. D. A. Forest   Service,   Intermountain  Forest  
and  Range Experimental  Station  Research Note. No. 30. 

75. TACKLE, D. 
*. 

'. 

1954 - Lodgepole  pine  management  in  the  Intermountain 
region. A problem  analysis. U. S .  D.  A. Fores t  
Service , Intermountain  Forest  and  Range  Experimental 
Station,  Misc.  Publication No. 2. 



- 50 - 

76. 1954 - Viability of lodgepole pine seed  after 
natural  storage  in  slash, U.S. D.  A. Fores t  
Service , Intermountain  Forest  and  Range 
Experimental  Station  Research Note No. 8. 

77. 1956 - Stocking  and  seedbed  distribution  on  clear- 
cut  lodgepole  pine areas  in Utah. U. s. D.  A. 
Forest   Service , Intermountain  Forest  and.Range 
Experimental  Station  Research Note No.  38. 

78. 
. .  1959 - Silvics of lodgepole pine. U. S. D. A. Fores t  

Service,  Intermountain  Forest  and  Range 
Experimental  Station,  Misc.  Publication NO. 19. 

79. TOUMEY AND KORSTAIN, 1947 - Foundations of Silviculture  (Textbook 
468 pp) 2nd edition  John Wiley & Sons Inc. N. Y. 

80. TRAPPE, J. M. 1959 - Lodgepole  pine clear-cuts in Northeastern 
Oregon,  Journal of Fores t ry  Vol. 57 No. 6 
(420-423). 

81. &HARRIS, R. A., 1958 - Lodgepole  pine  in  the  Blue 
Mountains of north-eastern  Oregon. U.S. D. A. Fores t  
Service,  Pacific  North-west  Forest  and  Range 
Experimental  Station.  Research  Paper No. 30. 

U 

82. VEZINA , P. E. 1962 - Solar  radiation  penetration  through  forest 
canopies  and  its  relation to crown  closure  and 
stand  density - Paper  presented  at  symposium  on 
Fores t  Meteorology  and  Microclimate  at  Cowichan 
Lake by B. C. Forest  Service  and  Canada Dept. of 
Forestry,   Forest   Research  Branch, 11  pi’p. 

83. ROWE, J. S. 1959 - Forest  Regions of Canada.  Canada DePt. of 
Northern  Affairs  and  National  Resources,  Forestry 
Branch  Bulletin 123. 



V 

I 

A P P E N D I C E S  

Based  on  Zone 4 Tables 

from 

Continuous Forest  Inventory 

of 

British  Columbia 

- 1957 - 



APPENDIX  I 

FOREST  RESOURCES 
W 

(1) 

A N N U A L   C U T  
(Millions of Cubic  Feet)  * 

1 . 
Year  

T 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Fores t   D i s t r i c t  

Lodgepole 
Pine 

0.97 
1.08 
1. 10 
1.09 
1.33 
1.77 
2.78 
2.70 
3.70 
4. 19 
4.02 
5. 63 
6. 28 
5.80 
5. 24 
6.66 
7.01 
6.88 
6.98 
7.68 
9.71 
9.70 

10.37 
14.46 
15.69 
15.62 

Prince  Rupert  
( Inter ior)  

" 

- 

All  
Species  

3. 05 
4. 76 
5. 42 
5.76 
7. 57 
9.49 

10.98 
13.09 
17. 61 
17. 35 
21.84 
29.66 
32.95 
33.65 
31. 17 
38.  30 
41.03 
34.35 
35.94 
39.36 
47.31 
46.07 
50.01 
69. 59 
71.72 
70.08 

T Prince George 

Lodgepole 
Pine 

0.97 
0.74 
0.98 
0.63 
1. 58 
2.54 
7.20 
3. a6 
4.68 
5.03 
4. 82 
7.89 

11.08 
12.75 
10.68 
15.52 
20.0 3 
22.7 1 
20.48 
24.21 
27.27 
24.47 
27.97 
39.24 
36.91 
39.76 

* Based  on  conversion  factor  5.7 f .b .m.  = 1 cu.  ft. 

( 2)  

All 
Species  

15.45 
18.97 
21.60 
33.87 
22.33 
25.52 
32.39 
41.19 
52.14 
46.2 1 
56.37 
7  5.43 
89.81 
90.76 
77.57 

105.98 
117.45 
112.30 
114.99 
146.03 
149.68 
146.92 
162.14 
187.69 
202.74 
210.52 

Lodgepole 
Pine 

1.94 
1. 82 
2.08 
1. 72 
2. 90 
4. 31 
9. 98 
6. 56 
8. 38 
9. 22 
8. 84 

13. 52 
17.36 
18. 55 
17. 92 
22. 18 
27.04 
29. 59 
27.46 
31. 89 
36.98 
34. 17 
38.34 
53.70 
52.60 
55.38 

Totals 

All 
Species 

18.50 
23.73 
27.02 
39.63 
29.90 
35.01 
43.37 
54.28 
69.75 
63.56 
78.21 

105.09 
122.76 
124.41 
108.74 
144.28 
158,48 
146.65 
150.93 
185,39 
196.99 
192.99 
212.15 
257. 28 
274.46 
280.60 

F O R E S T   A R E A S  - Z O N E  4 

Acreage 

1- 60 years   121  t y e a r s  61- 121  years  
Types 

Lodgepole  Pine 
Accessible 

1,947,600 1,745,600 5,021,500 Total  
19,900 20,200  41,200 Non-  acce s sible 

1,927,700  1,725,400  4,980,300 

All  Species 
Accessible 
Non-accessible 
To tal 

8,190,300 
243,800 

13,493,400 5,461,800 

15,060,800 5,572,300 8,433,100 
1,567,400 110,500 

1 Total 

8,633,400 
91,300 

8,724,700 

27,145,500 
1,920,700 

29,066,200 



Volume T 
(a)   80Per   Cent  

Lodgepole  Pine 

P1 
P1- Dec 
P1-0. s. 
Sub- total 

(b) 20 P e r  Cent 
Lodgepole  Pine 

s- P1 
BS P1 
F P1 
FS P1 
P1- Dec 
0. s. P1 

Sub- total 
Grand  Total 
Zone 4 

Percentage of acre-  
age  with 20 per  cen 
or  more  Lodgepole 
Pin e 

F O R E S T   A R E A  - Z O N E  4 

Acreage 

1-80 years  

3,958,400 
1,981,900 

59,400 

5,999,700 

1,796,000 
758,600 
312,800 
120,700 
38,000 
10,000 

3,036,100 
9,035,800 

10,965,000 

83 

81- 120 years  

726,000 
51,400 

- -  
777,400 

'864,400 
549,400 
73,300 

102,900 

10,000 
" 

1,600,000 
2,377,400 
3,040,400 

78 

1 2 1 t  years  

1,808,100 
108,000 
31,500 

1,947,600 

3,212,900 
670,000 

78,300 
38,000 

50,000 
" 

4,049,200 
5,996,800 

15,060,800 

39 

Note - The  major  portion of non-lodgepolepine  types  (less  than 
20 per  cent  lodgepole  pine)  also  contains  isolated 
elements  or  residual  components of lodgepole  pine. 

- Approximately 21 per  cent of forest   area  l ies  within the 
Prince  Rupert   Forest   District .  

Total 

6,492,500 
2,141,300 

90,900 

8,724,700 

5,873,300 
1,978,000 

464,500 
261,600 

38,000 
70.000 

8,685,400 
17,410,100 
29,066,200 

60 

w 



V O L U M E S  - Z O N E  4 

1 
I (a)  Total  sound wood volume - all  age  classes  and  site  productivity to 

close  uti l ization  standards (4" top  with  stump  height 1/2 of d. b. h. ) 
(In  millions of cubic  feet) 

* 

Accessible 
Provincial  Crown 
Other  Tenures 
Sub- total  

Potential   Accessible 
Provincial  Crown 
Other  Tenures 
Sub- total  

Total Wood Volume 

Lodgepole 
Pine 

7,095.7 
165. 2 

7,260.9 

201. 1 

203.6 
7,464. 5 

All 
Species 

14,450.7 
362.1 

14, 812. 8 

833. 1 
6.3 

839.4 
15,752.  2 

T 10" D. B. H. t 
Lodgepole All 

Pine Species 

19,745.4 

69,648.9 20,192.9 
1,670.8 447. 5 
67,978.1 

675. 1 
7.0 

5,981.  2 

75,669.2  20,875.0 
6,020.3 682.1 

39. 1 

1 

Totals 

Lodgepole All 
Pine Species 

26,841. 1 

84,461.7 27,453.8 
2,032.8 612.7 
82.428.9 

876. 2 
45.4  9.5 

6,814.3 

885.7 
91,321.4 28,339.5 
6,859.7 

(b)  Total  sound  wood  volGme  to  rough  utilization  standards - al l   age 
classes  and  site  productivity (8" top  and  stump  height  equal to 
d.  b. h.) ( I n  millions of cubic  feet) 

W 

(c) Total  sound  volumes - on present ly   accessible   mature   forests   of  
average  or  better  growth  capacity to  rough  utilization  standards, 
and  reduced  for  waste  and  breakage  (in  presently  utilized  mature 
volumes)  (Millions of cubic  feet) 

~ I 12" D. B. H. t II 14" D. B. H. t 
Lodgepole Lodgepole 

Pine All  Species Pine  All  Specie s 

Provincial  Crown 17,773.3 3,551.3 21,951.7  5,553.8 
Other  Tenures 94. 8 I 374.8 II 58. 3 I 

3,609.6 I 18,077.9 22,326. 5 5,648.6 Total 
304.6 

% 

c 

V 



APPENDIX I1 

W 

CLIMATIC DATA 

Weather  station  records  from  various  points  indicate  the  general  conditions 
within  the  region  and  the  variability  in  the  areas  where  lodgepole  pine is a dominant 
element of forest   stands,  

Location 

Smither s 

Telkwa 

Burns Lake 

Vanderhoof 

For t   S t ,   James  

Prince  George 

Babine  Lake 

Que snel  

Grassy  Plains  

Germansen Lndg. 

Average 
lainfall 

18.7 

17.0 

18. 3 

16. 3 

17.7 

24. 1 

20.7 

19.7 

19.8 

21.2 

Mean Temperatures  

Low 

12 

14 

10 

11 

10 

11 

6 

15 

18 

0 

High 

57 

57 

55 

58 

58 

59 

56 

62 

56 

57 

innual 

38 

37 

36 

37 

36 

38 

35 

41 

36 

33 

Sunshine 

Summer 

1100 

" 

" 

" 

" 

1300 

" 

" 

" 

" 

Total 

1560 

" 

" 

" 

" 

1817 

" 

" 

" 

" 

Temperature  
Extrem 

High 

99 

100 

9 3  

104 

98 

9 4  

9 4  

105 

90 

90 

3 

L O W  

- 48 

- 42 

- 45 
-61 

- 57 

- 58 

- 47 
W 

- 52 

- 3 4  

- 53 

L 



APPENDIX I11 

FIELD DATA SUMMARY 

Stand  table for average  composition of 10 moderately  productive  sites 
(Site  Index 70 a t  80 yea r s  C-M type). 

Undisturbed  and  residual  stands - Approximately 6 to 8 years   af ter  
logging. 

D. B. H. 
Class  

t 

'. 
. 

Regeneration 
0- 1" 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
Total 

Total ,   less  
Regeneration 

12" t 

8" + 
4" t 

Stems  Per   Acre 

Undisturbed  Stand 
~~ 

Lodgepole 
Pine 

" 

" 

1 
4 
8 

19 
25 
48 
56 
42 
34 
21 
17 
11 
3 
1 
" 

" 

- " 

29 0 

"- 
32 

185 

285 

0 the r 
Species 

? 
20 
15 
12 
11 
10 
9 
9 
6 
4 
4 
4 
4 
3 
3 
2 
2 
1 
1 

118 
- 

" _  
16 

34 

71 

To tal 

? 
20 
16 
16 
19 
29 
34 
57 
62 
46 
38 
25 
21 
14 
6 
3 
2 
1 
1 

40 8 
- 

"_ 
48 

219 

3 56 

Residual  Stand 

Lodgepole 
Pine 

115 
" 

1 
2 
5 

13 
22 
42 
50 
39 
28 
10 
3 
1 
" 

" 

" 

" 

" - 
33 1 

216 

4 

13 1 

213 

Other 
Species 

30 
15 
10 
8 
8 
7 
7 
6 
4 
3 
2 
2 
1 
1 
1 
" 

" 

" 

" - 
105 

75 

3 

14 

42 

Total 

145 
15 
11 
10 
13 
20 
29 
48 
54 
42 
30 
12 
4 
2 
1 
" 

" 

" 

" 

436 

29 1 

7 

145 

25 5 

Note - Logging  on areas  included  in  this  composite  table  was  confined  primarily  to 
t r e e s  11" d.b.h.  and  over,  suitable  for  sawlogs. As most   mature   t rees  
were 5 to 10 inches d. b. h. the major  portion of such  stands  was  undisturbed. 
Reduced  number of smaller   diameter   t rees   in   the  res idual   s tand  was  due to 
logging  damage  and  post-logging  windthrow. 



In stands  with  light  stocking,  which  promotes  larger  tree  growth,  utilization 
of   t rees  to stud  log  size  (8  inches d.  b. h.)  results  in  a  marked  reduction  in  stocking 
in  the  residual  stand.  The  following  table,  based  on  an  average of four  lightly  stocked 
stands,  shows  the  effect of logging to this low diameter.  The  pine  trees  over 10 inches 
d.  b.  h. left  standing  are  almost  entirely  culls. 

*) 

D. B. H. 
Class  

Regeneration 
0- 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16t  

To tal 

Total ,   less 
Regeneration 

12" t 

8" t 

r t 
Stems  Per   Acre 

Original  Stand 

Lodgepole 
Pine 

Unknown 
lone Apparen, 

It I I  

I I  I 1  

1 
5 
8 

11 
20 
32 
28 
17 
10 
4 
3 
1 
1 

141 

- 
19 

116 

0 ther 
Species 

Unknown 
4 

- - 
" 

2 
3 
2 
2 
1 
3 
4 
3 
2 
2 
1 
" - 
25 

- 
8 

18 

To tal 

I 

- 
L 

L 

1 
7 

11 
13 
22 
33 
31 
21 ' 

13 
6 
5 
2 
1 

166 

- 
27 

134 

T Residual  Stand 4 

Lodgepole 
Pin  e 

250 approx 
5 
" 

" 

1 
2 
5 
6 
7 
9 
6 
3 
1 
" 

" 

" 

" 

29 5 

40 

1 

26 

0 the r 
Species 

(6-10  years  aft  

" 

L 

60 
" 

" 

" 

" 

1 
2 
1 
1 
1 
2 
1 
1 
1 
" 

" 

" - 
71 

11 
2 

7 

logging) 

To ta l  

3 10 
5 
" 

" 

1 
3 
7 
7 
8 

10 
8 
4 
2 
1 
" 

" 

" - 
3 66 

51 
3 

33 

. 



Timber  Sale X- 67878 

w The  following residual  stand  conditions  were  recorded  in  blocks 
exceeding 20 acres  on  Timber  Sale X- 67878. 

I 
C 

? 

D. B. H. 
Class 

(a). 12" t 
4" - 11" t 
Less than 4" 
Regeneration 

(b) 12"  t 
4" - 11" t 
Less than 4" 
Regeneration 

(c )  12" t 
4"- 11" t 
Less than 4" 

V Regeneration 

(d) 12" + 
4" - 11" t 
Less than 4" 
Regeneration 

(e) 12"+ 
4"- 11" t 
Less than 4" 
Regeneration 

Percentage of Stocking 

Stocked 

1 
4 
1 

15 

1 
8 
6 

32 

5 
48 
17 
10 

" 

18 
33 
8 

2 
18 
12 
47 

Overstocked 

" 

" 

1 

" 

2 
1 
14 

" 

37 
9 
3 

" 

76 
28 
1 

" 

6 
17 
15 

Total  Stocking 

1 
4 
1 
16 

1 
10 
7 
46 

5 
85 
26 
13 

" 

94 
61 
9 
2 
24 
29 
62 

In al l   cases ,  sawlog t rees  12" D. B. H. t are  completely  harvested,  excluding 
cull  trees.  Residual  stand  density  depended  on the percentage of poles of stud  log 
size - 8" D. B. H. t , which  was  in  inverse  proportion to stocking  density. Lf most 
poles  were 8"t, a clear-cut  resulted. If most  were  smaller,  the  stand  was  only 
lightly  disturbed.  Regeneration  after  logging  did  not  restock  satisfactorily  until 

.1 Regeneration  stocking  appeared to be  slightly  better  where a thin  residual  stand 
remained than  on almost  true  clean-cuts.  Similar  variations  were  observed  on 
many of the  timber  sales  examined  in  the  Smithers to Endako region,  although 
greater  consistency of residual  stands  was  usually  observed  within  any  given 
sale.  This  was  partly  due to  the fact  that  most  sales  covered  relatively  small 
a r eas  of uniform  stocking  in  the  original  stand.  Timber  Sale X-67878 covered 
almost two sections,  with  considerable  variability  in  stocking  densities  and 
range of tree  sizes. 

* 
h the  major  portion of the residual  stand  was  removed  and the site  disturbed. 
. .  

+ c 

w 


