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Introduction 

In British  Columbia,  the  forest  industry  depends 
on the sustained  production of  wood  by  various 
tree species  growing  on  a  variety of sites.  Under- 
standing and  reliably  predicting  tree  growth are, 
therefore,  essential  prerequisites  to  successful 
forest management.  It  is  of  particular  importance 
to understand  that  forests  are  more  than  timber 
stands; they are complexes of living  organisms  in 
interaction with  the  environment  immediately  af- 
fecting them.  These  complexes  are  termed 
ecosystems.  There  are  many  kinds  of 
ecosystems,  but  not  an  infinite  number  and  one 
soon finds  that  similar  ecosystems  occur  re- 
peatedly in the  forests;  it  is  said  that  these  similar 
ecosystems  will  have  a  comparable  response  to 
the same kind of management  practices. 

ments of the forest  industry  in  British  Columbia 
and to place  our  forestry  practices  on  a  sound 
ecological basis  a  thorough  understanding  of 
forest ecosystems,  as  well  as  ecosystem-specific 
management  practices,  must  be  developed.  The 
following information  requirements  must  be 
satisfied: 

1) autoecology  (silvics) of forest  trees, 
2) properties of  forest  sites,  and 
3) the most  suitable  management  practices  or 

“silvicultural  regime”  which,  when  applied  within 
the environmental  and  management  constraints, 
will result in the  desired  crop. 

The Ecological  Program  Staff of the  Ministry of 
Forests, in the  Vancouver  Forest  Region,  has  the 
responsibility of satisfying  many  of  the  informa- 

In response  to  the  growing  silvicultural  require- 

tional needs of the  ongoing  intensive  silvicultural 
activities  in the Region.  Based  on  the  pioneering 
ecological  work  of  Dr.  V.J.  Krajina,  and  in  co- 
operation with  scientists  from  the  University  of 
British  Columbia,  a  comprehensive  research 
program  has  been  pursued  since 1975. This  pre- 
sentation  represents  an  abbreviated  version of  a 
detailed study  characterizing  the  most  productive 
ecosystems  for  the  growth of Douglas-fir  in  the 
Vancouver  Forest  Region’. 

This study  was  undertaken  in  an  effort  to  obtain 
a  better  understanding of  ecosystems  supporting 
the best growth  of  Douglas-fir.  Once  this  informa- 
tion is known  a  specific  silvicultural  regime  for 
these ecosystems  can  be  proposed  and  tested; 
the growth of Douglas-fir  on  other,  less  produc- 
tive ecosystems  can  then  be  improved  through 
the application of silvicultural  treatments  that  at- 
tempt to simulate  some of the  conditions of the 
most  productive  ecosystems. 

This abbreviated  presentation  provides  infor- 
mation that is useful  to  all  forest  practitioners,  with 
both the characteristics  necessary  for  recognition 
of these highly  productive  ecosystems  and  the  de- 
sirable silvicultural  regime  being  emphasized. 
Much of the  information  in  this  presentation  acts 
as a  corrollary  to  that  given  in  the  1977  guide for 
the tree species  selection  and  prescribed  burning 
in the Vancouver  Forest  Region.  It is worthwhile  to 
note that  this  detailed  study  substantiates  many of 
the interpretations  given  in  the  guide,  which  em- 
phasizes a  mixture of coniferous  species  rather 
than deciduous  species  in  order  to  maximize  com- 
mercial yield. 

For  a more detailed  reference,  with  further  background  information 
on the methods,  results,  classification,  discussion  and  references in- 
volved  with this  report,  reference  should  be  made to the  parent  text; 
“Characterization of the  Most  Productive  Ecosystems for the  Growth 
of Pseudotsuga rnenziesii var. rnenziesii in Southenvestern  British 
Columbia” by  Klinka et a/., Supplement  to  Land  Management  Re- 
port No. 6, B.C. Ministry of Forests, 1980. 
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Characterization  of  the  Most 
Productive  Ecosystems  for  the 
Growth of Douglas-fir 

The most  productive  ecosystems  are  all  under 
the influence of the  maritime,  humid  mesothermal 
climate.  This  climate's  sphere of  influence  has 
been delineated by  the  Drier  Maritime  Coastal 
Western  Hemlock  Biogeoclimatic  Subzone.  This 
subzone  represents  a  broad  group of  ecosystems 
which  have  developed as a  result of  the  mild, 
rainy  winter  and  cool,  long  growing  season 
featured by  its  climate. 

Vegetation 

The characteristic  floristic  composition  and 
structure of  each  ecosystem  under  examination 
varied depending  on  its  history  and  successional 
stage. In general,  Douglas-fir,  with  an  admixture 
of  western  redcedar  and  grand-fir,  dominates  the 
tree layers.  The  herb  layers  were  consistently  well 
developed.  Floristic  analysis  showed  that the 

most  productive  sites  for  the  growth of Douglas-fir 
all fell into a single  kind of  ecosystem:  the  Foam- 
flower - Sword  Fern - Douglas-fir - Grand  fir & 
Western  Redcedar  Association  (hereafter  refer- 
red to  as  the  Foamflower - Sword  Fern  Associa- 
tion).  Four  types of  forest  stands  (Figure 1) and 
over one hundred  and  twenty  plant  species  were 
recognized  on  the  sample  plots. By  studying 
similarities  and  differences  between  stands of 
varying tree species  composition,  age  and  den- 
sity,  predictions  can  be  made  about  their  influ- 
ence on the  understory  vegetation  and  soils. A 
particular  combination of plant  species  was  found 
to characterize  all of the  sites  within  the 
Foamflower - Sword  Fern  Association  (Table 1, 
Plate 1). This  combination of  species,  growing in 
the shrub,  herb  and  moss  layers of  forest  stands 
allows  for  a  relatively  confident  identification of 
sites featuring  the  most  favourable  environment 
for the growth of Douglas-fir  in  southwestern 
British Columbia. 

Table 1. A Combination of  Plant  Species  Indicating  the  Most Productive Sites for the Growth of  Douglas-fir 

Shrubs 

[Oregon  grape (Mahonia nervosa)ll 
[Devil's  club (Oplopanax horridus)] 
[Baldhip rose (Rose gymnocarpa)] 
[Western thimbleberry (Rubusparviflorus)] 
[Salmonberry (Rubus spectabilis)] 

Herbs 

Vanilla leaf (Achlys triphylla) 
[Pathfinder (Adenocaulon bicolor)] 
[Maiden-hair fern (Adiantumpedatum)] 
Lady fern  (Athyrium  filix-femina) 
[Wild  glnger (Asarum caudatum)] 
Henderson's  sedge (Carex  hendersonii) 
Hooker's fairybells (Disporum  hookeri) 
[Bearded fescue (Festuca subulata)] 
Sweet scented bedstraw (Galium triflorum) 
[Small-flowered wood rush (Luzulaparviflora)] 

Miner's  lettuce (Claytonia sibirica) 
[Mountain sweetcicely (Osmorhiza chilensis)] 
Sword-fern (Polystichum  muniturn) 
[Star-flowered  false Solomon's  seal  (Smilacina stellata)] 
[Cooley's  hedge-nettle (Stachys  cooleyae)] 
Trifoliate-leaved foamflower  (Tiarella  trifoliata) 
Cut-leaved foamflower  (Tiarella  laciniata) 
Piggy-back  plant (Tolmiea  menziesii) 
[Broadleaved starflower(Trientalisatifola)] 
Western white trtllium (Trillium ovatum) 
[Nodding trlsetum (Trisetum cernuum)] 
[Yellow wood violet (Viola glabella)] 

Mosses 

Plagiomnium  insigne 
Leucolepis  menziesii 
Stokesiella  oregana 
[Rhytidiadelphus triquetrus] 

'Species in parentheses have a lower significance and may  also be 
characteristic  of other assoclatlons. 

Figure 1. The opposite four  photographs  represent  each of the  four stand of Douglas-fir and  western  redcedar; a late-immature  stand of 
types of forest stands recognized in this study. All of  these  forests Douglas-fir, grand fir  and  western  redcedar; a late-immature  stand of 
are made up of ecosystems within the Foamflower - Sword  Fern As- black cottonwood, bigleaf maple  and red alder; and  an early- 
socation. Clockwise from  top  left  they  are identified as:  an  old  growth immature stand of red alder. 
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Silvicultural  Interpretations 

The Foamflower - Sword  Fern  Association 
includes a  number of very  productive  eco- 
systems in the  CWHa  subzone.  These eco- 
systems  are  highly  suitable for  wood  pro- 
duction. In an effort  to  utilize  this  production 
potential  on a  sustained  yield  basis  a  specific 
silvicultural  regime,  based  on  the  ecology  of 
the  tree  species  and  properties of the  sites, 
must  be  applied. 

These  ecosystems  should  be  managed 
through  the  application of  intensive  silvi- 
cultural  practices.  Certain  precautions are 
required  to  maintain  their  productivity - im- 
mediate  and  successful  regeneration,  and  on 
seepage  habitats,  the  preservation of undis- 
turbed  subsurface  seepage flow  by  careful 
road  layout  and  construction  practices. Un- 
fortunately,  many of these  ecosystems  have 
not  been  properly  managed  following  the  har- 
vest of old  growth  stands. Development of 
very  dense  shrub  layers,  including  red alder, 
bigleaf  maple,  vine  maple  and  salmonberry 
usually  prevent  the  early  establishment of 
coniferous  trees - shade-intolerant  Douglas- 
fir in particular.  After  harvesting,  these  tree 
and shrub  species  often  become  established 
in  such  high  densities  that  neither  natural 
regeneration  nor  planting is  successful.  A 
large  area of immature  deciduous  stands 
found  on  these  ecosystems  throughout 
eastern  Vancouver  Island  and  the Lower 
Mainland  signifies a  substantial  volume loss. 

Seepage  Water 

Some of the  most  productive  sites  are 
characterized by  the  presence of  seepage  water. 
Serious  disturbances of  the  natural  patterns  of 
subsurface  seepage water  flow,  such  as  those 
caused by infrequently  drained  roads  traversing 
across slopes,  may  decrease  forest  productivity. 
This occurs when  seepage  water  becomes  chan- 
neled into  small  areas,  depriving  much of the 
slope of its  benefit.  Such  productivity  degradation 

can be avoided by  proper  road  design  and  by  pro- 
viding for  the  redistribution of  seepage  water.  This 
will help  maintain a widespread  flow of  seepage  in 
slopes below  roads.  In  principle,  seepage  brought 
to  the  surface  should  be  put back  into  the  soils. 

Cutting 

To ensure  that  proper  attention  is  given  to 
establishing controlled  and  successful  regenera- 
tion and  intensive  early  silvicultural  practices, the 
primary regeneration  method  should  be a small- 
sized clearcut.  The  cutting  sequence of  the over- 
all  area  should  be  against  the  direction of  the pre- 
vailing winds.  Whenever  possible,  the  layout  of 
cut  blocks  should  not  include an  extreme  mixture 
of ecosystems in order  to  facilitate  the  uniform  ap- 
plication of a specific  silvicultural  regime.  Tractor 
logging methods  are  marginally  acceptable  on 
coarse textured  sandy  soils  but  should  be 
avoided on  moist  loamy  soils  as  their  application 
unavoidably  results in soil  compaction.  This  re- 
duces  soil  porosity,  and  high  porosity is  con- 
sidered to  be  the  most  important  physical  soil 
property related to  optimum  root  growth  and  the 
availability of moisture  and  nutrients  for  plant 
growth. 

Site  Preparation 

Slashburning may  be  applied,  preferably  in  the 
spring, and may  help  in  preparing  the  site  for 
planting. Due  to  the  shallow  accumulations  of or- 
ganic matter,  mainly  confined  to a thin  layer  of lit- 
ter,  slashburning will not  result  in a significant loss 
of nutrients from  these  ecosystems.  Slashburning 
will  also  delay  the  regeneration of  deciduous  trees 
and shrubs,  providing a necessary  advantage  for 
the  successful  establishment of coniferous  seed- 
lings.  Site  preparation  practices such  as  scarifica- 
tion are  not  necessary  because of  very favour- 
able soil  properties. Any harvesting or site  prep- 
aration practices  that  result  in  compaction  should 
be avoided.  Although  cultivation may  counteract 
the results of compaction  on  the  upper  soil  hori- 
zons,  much of the  soil  may  remain  compacted  for 
a number of reasons.  This  may  cau,se a decrease 
in both rooting  depth  and  productivity as well as a 
greater susceptibility  to  windthrow. 
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Trees Species to be Planted 

Analysis of the data  from  this  study  and  earlier 
studies proposes  a  mixture of Douglas-fir,  grand 
fir (in a  limited  area of the  CWHa  subzone)  and 
western redcedar  as  the  optimum  tree  species 
composition. Since  data  is  lacking  on  the  local 
growth and  yield of  these  species  in  mixed  stands, 
a definite tree  species  composition  for  forest 
stands under  intensive  silvicultural  management 
cannot be  determined.  Therefore, our  recommen- 
dation, based on  the  ecology  of  the  species  and 
limited growth  and  yield  information,  is  simply an 
approximation.  This  recommendation  assumes 
the general objective  is to  maximize  the  volume  of 
wood while  maintaining  site  productivity  and  other 
multiple use goals  for  the  ecosystems.  These  ob- 
jectives can be  modified  for  each  individual  site. 

The  three tree species all have  compatible  cli- 
mate and  soil  requirements  and  grow  together  in 
natural forest  stands of the  Foamflower - Sword 
Fern Association.  Douglas-fir  is  distinctly  shade- 
tolerant, grand  fir  moderately  shade-tolerant 
(Figure 4) and  western  redcedar  shade-tolerant  in 
these ecosystems.  From  observations  made  by 
silviculturalists in the  Vancouver  Forest  Region 
(C.M.  Johnson,  Ministry of  Forests,  and  D.  Mac- 
Mullan B.C.  Forest  Products),  and  data  from  British 
yield tables,  it  is  suggested  that an  increase  in  yield 
and a  more  valuable  final  crop  can  be  obtained by 
mixing Douglas-fir  and  grand  fir.  Both  species  have 
comparable growth  rates.  Western  redcedar  can 
assist in self-pruning of the  other two species  and 
may  also  provide  usable  fibre at  the  end  of  the 
Douglas-fir/grand fir  rotation  period. 

which provides  naturally  for  the  development  of 
vertically differentiated  stands  capable of fully 
utilizing both  above  and  below-ground  available 
space for  growth.  Douglas-fir  should  be 
maintained as  a  dominant  tree,  grand  fir  a co- 
dominant tree  and  western  redcedar  a  codomin- 
ant  or  suppressed  tree  (Figure 4). Not  only  is  this 
mixture of  species  likely to be  optimum  from  the 

These species  represent  a  compatible  mixture 

Figure 4. The  canopy of this  forest is made  up of both  Douglas-fir 
and  grand fir. On this  site,  Douglas-fir is the  dominant  and  grand  fir is 
the codominant  tree,  although  the  study  involved  with  this  present- 
ation  has shown  that  grand  fir is capable of matching  or  even  surpas- 
sing  the growth of Douglas-fir in the  Foamflower - Sword  Fern 
Association. 

wood production  viewpoint,  but  by  maintaining 
the diversity of natural  stands,  it  is  also  likely  to  be 
the optimum  from  the  wildlife  viewpoint.  The  mix- 
ture of species  is  also  likely  to  assist  the  mainte- 
nance of a  diverse  and  healthy  community of  de- 
composer  organisms,  necessary  to  keep  soil  fertil- 
ity  high. As a final benefit,  the  mixture of  species 
can be more  aesthetically  pleasing  than  a  single- 
species (monoculture)  situation. 

Planting 

Due to the  high  brush  hazard,  it  is  essential  that 
regeneration by  planting  should  immediately  fol- 
low  harvesting  or  site  preparation.  To  overcome 
potential suppression  by  brush,  well  developed, 
bareroot or container  (PSB - 415)  planting  stock 
(1 +2,2+ 1) should  be  used.  In  some  cases,  a 
short-term herbicide  application  may  be  neces- 
sary to counter  the  vigorous  growth of brush.  It  is 
preferable to  have  an  individual mix  of  species 
rather than  clumps  of  individual  species.  Areas 
which  are  not  satisfactorily  restocked  should  be 
filled in as  soon  as  possible,  choosing  either  a 
more developed  planting  stock of  shade-intolerant 
Douglas-fir or  shade-tolerant  western  redcedar. 

A minimum of 1000 well  distributed  seedlings 
per hectare  at  a  spacing of 3 m x 3 m or  less 
should be established  on  these  sites  to  provide an 
opportunity  for  the  achievement of maximum vol- 
ume production.  When  only  a  small  number of 
trees per  hectare  are  planted  the  increase in vol- 
ume of  individual  trees  will  be  rapid  but  trees 
grown under  these  low  density  conditions  will 
have many  large,  gnarled  branches  and  a  rough 
appearance.  Lumber  from  such  open-grown  trees 
will be coarse-grained  with  many  large  knots. 

Height growth of a  sparsely  stocked  Douglas-fir 
stand (with 10-40% crown  coverage)  may  be 
lower than a  fully  stocked  Douglas-fir  stand. On 
the opposite extreme  however,  growth  under  high 
density conditions  is  associated  with  decreased 
diameter growth and high mortality  (Figure  5). 
When comparing  extreme  differences  in  stand 
density, a dense  stand is expected  to  be  taller 
than an open grown  stand of the  same  age  on 
these sites.  Clearly,  the  growth  of  these  fertile 
sites is best  utilized  by  avoiding  both low  and  high 
stand density  extremes. 
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Thinning 

Early and frequent  control of stand  density  and 
tree species  composition  is  beneficial  in  achiev- 
ing not only  maximum  wood  production  but  also  in 
limiting the possibility of crop  destruction  by 
windthrow.  Due  to  the  lack of  local  growth  and 
yield data for  managed  stands  and  because no 
single thinning  regime  will  be  optimal  in  every  situ- 
ation, all statements  concerning  thinning  are 
limited to generalities.  Since  the  following  three 
factors constitute  a  thinning  regime:  intensity  of 
thinning, thinning  cycle  and  type of  thinning, 
silviculturalists are  offered  some  latitude  to 
choose from  a  variety of thinning  regimes  rather 
than from  any  single  regime. 

An  absence of  thinning  on  these  highly  produc- 
tive sites is  predicted to result  in  lower  total  vol- 
ume production  as  a  relatively  high  thinning  yield 
is not utilized and  the  distribution of the  main  crop 
volume is  over  a  large  number of trees  with  rela- 
tively small  diameters. An  absence  of  thinning 
may also  effectively  delay  the  final  harvest. 

In most  cases  thinning of Douglas-fir  stands  on 
the most productive  sites  should  be  frequent  and 
of intermediate intensity.  Thinning  may  start at 15 
years of  age  and  should  be  carried  out  at  frequent 
intervals. It  will  normally  cease  a  few  years  before 
the age of  maximum  mean  annual  increment. 
Total thinning yields  can  surpass  700m3/ha. 
Pruning may be carried  out  in  conjunction  with 
early thinnings.  However,  the  presence of  grand 
fir and western  redcedar in the  lower  tree  layers 
will improve the  quality of Douglas-fir  by 
self-pruning. 

Fertilization 

The question of whether  or  not  to  fertilize  these 
most productive  sites  is  rather  complex.  Due to 
the general good  accessibility of these  sites 
(valley-bottom), it may  be  more  economical  to 
fertilize them than to fertilize  other  more  distant 
sites. Economic  considerations  are  important  but 
are beyond the scope of this  report.  However,  an 

economic  study  of  Douglas-fir  fertilization  in  coas- 
tal Washington  indicated  that  high  site  stands 
generally have  a  lower  priority  for  fertilization  than 
lower  productivity  stands of the same  age. 

High soil  nutrient  concentrations - particularly 
nitrogen and  calcium - were  found  to  characterize 
the soils of the  Foamflower - Sword  Fern  Associa- 
tion. Therefore,  until  further  data  becomes  avail- 
able, fertilization of the  most  productive  Douglas- 
fir sites should  be  restricted  to  nitrogen,  and  in  re- 
latively  small  applications  (up  to 200 kg N/ha). A 
single fertilization  should  be  carried  out  following 
spacing. 

Growth  and  Yield 

This will be a  site-specific  decision  made  in  ac- 
cordance with  resource  management  policies. 
The desired crop  and  integration  with  other  re- 
source uses  should  also  be  considered. 

Using the criteria of  maximum  profit,  the  op- 
timum felling  age  usually  occurs  shortly  before  the 
age of maximum  mean  annual  increment;  usually 
about 50 years in the  Foamflower - Sword  Fern 
Association.  Thus  a  normal  rotation  age  for  these 
highly productive  stands  could  be as  low  as 50 
years and  likely  not  more  than 80 years.  Consid- 
ering the mixture of shade-tolerant  and  shade- 
intolerant trees,  200 - 250 stemdhectare at 80 
years may represent  the  final  target  for  thinning 
control. The total  yield  over  the  full  rotation,  includ- 
ing thinning,  will  likely  be  greater  than 2000 
m3/ha.  This  again  supports  the  use of coniferous 
rather than deciduous  species  in an  effort  to  max- 
imize commercial  yield  as  well  as  showing  that  in- 
tensive management of these  ecosystems  can  re- 
sult in yields  approaching  old  growth  forests. 

Figure 5. This  photograph  shows  a  typical  even-aged,  mature 
stand of Douglas-fir.  Since it has  never  been  managed,  this  stand 
has  become too dense  and  experienced  considerable  mortality. 

11 



Summary 

This information  offers  some of  the  guidance 
necessary  for  ecologically  sound  management of 
ecosystems  within  the  Foamflower - Sword  Fern 
Association.  Though  limited  in  extent,  these  eco- 
systems,  because of their  high  productivity  poten- 
tial, deserve  the  application of intensive  silvi- 
cultural management  practices.  Intensive  re- 
search to provide  similar  detailed  information  for 
other  ecosystems  in  the  Vancouver  Forest  Region 
is  in progress.  Initially  recognition  and  character- 
ization of different  ecosystems  is  the  most  im- 
portant step.  It  allows  for  the  stratification of 
forests  into  recurring  kinds of  ecosystems - a 
basis which  can  be  used  to  differentiate  the  man- 
agement  of  a  forest  resource.  Only  when  this 
broad foundation of knowledge  about  ecosystems 
is applied in a  truly  site-specific  manner  can  we 
begin  to make  use of the  potential  productivity of 
our forest  land. 
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