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Abstract 
The  most productive 
ecosystems  (termed benchmark 
ecosystems) for the  growth  of 
Douglas-fir in southern coastal 
British Columbia were 
identified and analyzed. These 
ecosystems  were characterized 
with respect to climate, soil, 
and vegetation. They were all 
located in the Drier  Maritime 
Subzone of the Coastal Western 
Hemlock Biogeoclimatic Zone 
and were  found to belong to the 
Tiarella (trifoliata) - 
Polystichum (munitum) - 
Pseudotsuga (menziesii) - 
Abies (grandis) & Thuja  plicata 
Association. Their  soils were 
generally moderately deep to 
deep, loamy, very porous 
Humo-Ferric Podzols or 
Cumulic Regosols with dark 
brown Ah horizons and 
Vermimull humus forms. The 
soils generally had  a high 
nutrient  status, particularly 
nitrogen  and calcium. 
Silvicultural recommendations 
are given for the management 
of these ecosystems. 
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Introduction 
The aim of synecological studies 
is to increase our knowledge 
about whole ecosystems and 
the ecology of the species found 
in these ecosystems. 
Continuing  studies by  Krajina 
and his  students  at  the 
University of British  Columbia 
have  made it possible to 
identify  the major ecosystems 
and to  outline  the ecology of the 
tree species of British  Columbia 
(Krajina 1969). This work has 
found its practical application in 
forestry, particularly in 
silviculture, which is  directly 
concerned  with tree production 
in forest ecosystems. The need 
for synecological studies 
throughout the Province and 
the  potential for improving 
silvicultural management was 
the basis for the decision to 
pursue such  studies by the 
British Columbia Ministry of 
Forests (Schmidt 1977). 

Within constraints imposed by 
environment  and management 
objectives, the general goal of 
forestry  remains the same. This 
goal is to utilize and maintain 
the productivity of ecosystems 
under management and if 
possible, to increase this 
productivity. To meet this goal 
the following information must 
be available to the manager: 1) 
knowledge of the  structure  and 
function of the forest 
ecosystems being managed; 2) 
an estimate of the productivity 
potential of the ecosystems; and 
3)  an ecosystem-specific 
silvicultural regime which, 
when applied, will  realize the 
full potential yield. This 
combined information may 
suggest  whether a further 
increase in the ecosystem‘s 
productivity, or yield, is 
possible. 

The  present  study is a  part of 
the ecological program in the 
Vancouver Forest Region. Its 

aim is to provide some of this 
information for the most 
productive ecosystems for 
growth of Douglas-fir 
(Pseudotsuga menziesii (Mirb.) 
Franco, var. menziesii) in  coastal 
southwestern British  Columbia 
- the most productive forest 
region in Canada. An additional 
aim is to  provide data 
substantiating some of the 
interpretive information given 
in the  ”Guide for  Tree  Species 
Selection and Prescribed 
Burning in the Vancouver 
Forest District” (Klinka  1977). 

This study is an  attempt to 
characterize the ecosystems in 
the region that either have 
supported, or are  supporting, 
the most productive growth of 
Douglas-fir. It is assumed that 
an optimal or near optimal 
growth  environment exists  in 
these ecosystems (Le. all 
growth factors are optimal) and 
that productivity of Douglas-fir 
in these ecosystems is close to 
its maximum possible for the 
region. 

A specific objective of this study 
was to determine  the soil 
nutrient  (both macro and micro) 
content of these ecosystems 
since soil nutrients are an 
important  determinant of forest 
productivity and of all such 
determinants,  are probably the 
easiest for the forest manager to 
manipulate. The ultimate yield 
has been defined by  Bray (1954) 
to be the yield possible when all 
nutrients  are  present in 
adequate  quantities,  but not in 
harmful excess. Melsted and 
Peck  (1977) modified the 
definition stating  that the 
ultimate yield  is that obtained 
when  any single nutrient  under 
consideration is adequate,  but 
not  in harmful excess, provided 
that all other relatively 
immobile nutrients or growth 
factors remain unchanged. 

Knowledge of the 
characteristics of the most 
productive Douglas-fir 
ecosystems can assist 
silvicultural practices. Thus, it is 
likely that  the soil nutrient 
characterization of these most 
productive ”benchmark” 
ecosystems will assist in 
determining silvicultural 
priorities and fertilization 
requirements for other less 
productive ecosystems, 
providing it  is nutrients which 
are causing  these ecosystems to 
be less productive. A 
comparison of the  nutrient 
status of the soils of the less 
productive and benchmark 
ecosystems could be 
informative  here. The results of 
this  comparison,  when 
combined with knowledge of 
tree  nutrient requirements and 
stand conditions, as well as 
economic considerations, could 
be the basis for  fertilizer 
prescriptions. Use of soil 
nutrient comparisons could, in 
turn, promote greater 
utilization of rapidly 
accumulating soil  analytical 
data, acquired in  synecological 
studies. Consequently, the 
value of soil testing (i.e. 
correlation with productivity 
and interpretation for  fertilizer 
prescriptions)  as  one of the 
tools of forest fertilization could 
be increased. By relating tree 
growth to soil nutrient  status 
and stratifying forests on the 
basis of their soil nutrient 
status,  we may have a rational 
basis for developing fertilizer 
prescriptions and fertilization 
programs. 
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Methods 
Site Selection 
This study employs an 
ecosystematic approach and 
method  as described by  Brooke 
et al .  (1970) and Kojima and 
Krajina  (1975). 

Sample plots (approximately 
500 m2 in size) were established 
so that each represented a 
sample of an individual 
ecosystem (biogeocoenosis - 
Sukachev 1944; Sukachev and 
Dylis  1964).  After an extensive 
search, ten stands  supporting 
or  having  a potential to support 
the  highest  natural growth of 
Douglas-fir in southern coastal 
British Columbia were selected. 
Since all stands were not being 
actively managed, the main 
criterion for selection was the 
height of dominant Douglas-fir 
trees;  i.e.  when the heights 
were  found to be outside the 
upper limits of height over age 
curves (Browne 1962). 

In selecting the sites, soils 
present  were required to have a 
relatively low content of coarse 
fragments  and to be  unaffected 
by any  ground flow of seepage 
water. The first requirement 
was  designed to eliminate some 
of the difficulties associated 
with  the  determination of bulk 
density in soils with a high 
content of coarse fragments and 
the  consequent  adjustment of 
analytical data. The second 
requirement aimed at 
eliminating  the influence of 
additions of water and nutrients 
to  the ecosystems by seepage 
water or flooding. Under such 
conditions accurate quantitative 
characterization of the soil 
nutrient  content  and soil testing 
becomes very difficult. Due to 
the fact that most of the very 
productive Douglas-fir 
ecosystems  are associated with 
seepage (subhygric or hygric) 
habitats, the selection of sample 
plots  was  found to be narrowed 

to ecosystems developed on 
alluvial materials. Three of the 
chosen  sample plots were 
located on sites now  supporting 
deciduous  stands which had 
developed after cutting old 
growth Douglas-fir. These 
selections were based not only 
on  the history of the site, which 
indicated exceptionally high 
harvested volumes, but also on 
current floristic  affinities with 
the  other plots selected. 
Although  there may be other 
ecosystems which could have 
been selected, it is felt that  the 
ten  sample plots finally chosen 
were satisfactory to meet the 
requirements of this study. 
Other highly productive 
ecosystems in the region, often 
found  on seepage habitats, are 
either of lower or comparable 
productivity  to  the ten sampled 
in this study. 

Vegetation Analysis 
On each plot the vegetation was 
analyzed by  phytosociological 
(Brooke et al. 1970) as well as 
mensurational techniques. 

The vegetation analysis 
included  the listing and 
identification of all vascular 
plants,  bryophytes and lichens 
present  on the plot, as well as 
an evaluation of species 
significance (determined by a 
combination of abundance  and 
dominance, Kojima and Krajina 
1975) and vigor according to 
vegetation  strata. On each  plot 
all trees  with  a diameter greater 
than 7 cm had their diameters 
measured  at  a height of 1.3  m. 
Stand age  was  determined by 
counts taken from increment 
borings done  on a minimum of 
three  dominant or codominant 
trees.  Site index and growth 
class were based on the 
arithmetic  mean of the heights 
of dominant trees and the 
arithmetic  means of their ages. 
Growth class refers to a relative 

scale (from 1 to 9) of height 
growth  as  applied by  Krajina 
(1969) (Appendix 111). 

Soil Analysis 
Habitats  were described in 
terms of elevation, slope, 
exposure, geology, parent 
materials and other features. 
Description of soil pedons, 
sampling  and classification of 
soils followed the practices and 
terminology of the Canadian 
Soil Survey Committee (CSSC 
1978). 

On each plot a soil pit was dug 
to  the  depth of a restricting 
layer (compacted till) or to the 
lower limits of the rooting zone. 
Samples of individual horizons, 
with  the exception of thin L 
(litter)  horizons and thin 
discontinuous mineral 
horizons,  were collected  for 
laboratory analysis. The 
samples  were  dried at  room 
temperature,  crushed with a 
wooden roller and passed 
through  a 2 mm sieve to remove 
the coarse fraction then stored 
awaiting chemical and physical 
analysis. It is recognized that 
samples from more than  one 
soil pit are required to 
accurately determine mean soil 
properties of a sample plot. 
Time and financial constraints 
limited the  number of soil 
samples,  however. 

Bulk density was determined 
separately for all major ( > 10 cm 
thick) mineral soil horizons. 
When several adjacent horizons 
had the  same field texture and 
coarse  fragment  content, only 
the  dominant  one  was analyzed 
for bulk density. None of the 
soils sampled  had LFH organic 
layers thick enough to warrant 
bulk density  determinations. A 
stainless steel cylinder 7.3 cm  in 
diameter and 7.6 cm long was 
used to gently extract soil cores 
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of known volume (318  cm3), with and Bremner  (1964).  Released Extractable Cu and Zu were 
four cores being taken for  each ammonium  was  determined extracted by 0.1 M HCl solution 
horizon  sampled. Cores were colorimetrically on  a Technicon as  described in Black et al.  
placed in plastic bags, and then autoanalyzer  using the same (1965). The cations in the 
taken  to  the laboratory where  method  as described above for extraction solution were 
they  were air dried and sieved total nitrogen.  determined by atomic 
to rkmove coarse fragments 
(> 2 mm diameter) which were 
then weighed. The < 2 mm 
fraction was  then  oven dried at 
105" C for 24 hours  and weighed. 
Bulk density  was calculated as 
the mass of dry soil per cm3 of 
soil volume. 

Particle size analysis was 
carried out by the hydrometer 
method, following destruction 
of organic  matter with sodium 
hypochlorite (Lavkulich  1978). 
Suspended "silt + clay" was 
determined after a 
sedimentation time of  40 
seconds,  and clay after a 
sedimentation time of about 7% 
hours,  depending  on 
temperature (Black e f  al. 1965). 

Soil  pH of mineral horizons 
was measured with a pH meter 
both in a 1:l (w/v) suspension 
in water, and in a 1:2 (w/v) soil: 
0.01 M CaC12 sus ension as 
described by  Blac t: etal. (1965). 
For organic horizon samples a 
soi1:solution ratio of 1:5 was 
used for the  water and CaC1, 
methods. 

Total  carbon was determined 
by dry combustion with a Leco 
Induction Furnace (Model No. 
521) and Carbon Analyser 
(Model No. 572-200) 
manufactured by  Laboratory 
Equipment Corporation 
(Lavkulich 1978). 

Total  nitrogen was determined 
by semimicro-kjeldahl digestion 
(Black et a l .  1965)  followed  by 
colorimetric estimation of 
NH,-N  by a modification of 
the phenol-hypochlorite 
method of Beecher and Whitten 
(1970). 

Mineralizable  nitrogen was 
determined by the anaerobic 
incubation  method of Waring 

Cation  exchange  capacity  and 
exchangeable cations were 
determined  using 1M NH40Ac 
adjusted to pH7 (Black et al. 
1965). The absorbed NH4 was 
determined by a semimicro- 
kjeldahl distillation procedure. 
The leached cations of calcium, 
magnesium,  sodium and 
potassium  were  determined by 
atomic absorption 
spectrophotometry. 

Extractable  phosphorus in 
mineral horizon samples was 
determined by the Bray method 
of acid ammonium fluoride 
extraction as described by  Black 
et al .  (1965)  followed by 
colorimetric determination of 
the P  using  the molybdenum 
blue  method. 
Extractable  sulphate-S in 
mineral horizon samples was 
determined by ammonium 
acetate extraction (Black et al. 
1965). Extracted sulphate was 
reduced to sulphide by  HI and 
the  sulphide was then 
determined colorimetrically 
(Kowalenko & Lowe  1972). 

Pyrophosphate-extractable Fe 
and A1 were extracted 
overnight at 25°C using sodium 
pyrophosphate solution as 
described by  Bascombe  (1968). 
Extracted Fe and A1 were then 
determined by atomic 
absorption spectroscopy 
(Lavkulich 1978). 
Calcium chloride extractable 
Fe, AI, & Mn were extracted 
overnight with 0.01 M CaC1, 
solution according to the 
method  of  Hoyt  and Nyborg 
(1971) which was designed to 
test for toxic levels of these 
elements in the soil. The cations 
in the extraction solution were 
determined by atomic 
absorption  spectrophotometry. 

absorption spectrophotometry. 
Total Cu  and Zn were 
determined by teflon bomb 
digestion as described by 
Rantala and Loring  (1973) 
followed by atomic absorption 
spectrophotometric analysis of 
the Cu and Zn in  HF solution. 

Extractable B was extracted by 
boiling water in the presence of 
BaC12 according to the method 
of  Black et al. (1965). B in the 
extraction solution was 
determined by a colorimetric 
method involving the 
azomethine-H reagent, similar 
to  that described by  Wolf  (1974). 

The  'lipid' fraction of Ah 
horizons  was  determined by 
extraction with 1:l (v/v) 
ethanokbenzene (Lowe 1974) 
and gravimetric estimation of 
the fraction following solvent 
removal. 

Data Analysis 
Following an analysis of the 
vegetation and its environment, 
the sample plots were classified 
into ecosystematic units at 
several levels of integration 
(biogeoclimatic subzone, plant 
order,  plant alliance, 
biogeocoenotic association and 
biogeocoenotic type) using the 
methods  and system proposed 
by  Krajina and his students 
(Brooke et al. 1970,  Kojima and 
Krajina  1975). Homogeneity of 
the  group of soils sampled was 
tested by  com aring coefficients 
of variation o P five  soil 

arameters for the A, B, and  C 
orizons, to the coefficients of 

variation of the same 
arameters for the same 

Rorizons for a  group qf 30 
randomly selected Podzols in 
the University of B.C.  Research 
Forest at  Haney. The University 
of B.C. Research Forest data 

R 
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were  obtained from  Klinka 
(1976). These soils were used 
for a  comparison because they 
were subjected to the same 
analyses, and comprise the 
largest  data  set  spanning  a 
range of ecosystems  in the same 
biogeoclimatic zone,  as  the soils 
of the  present  study. 

Soil nutrient concentrations 
were calculated on a master (A, 
B, and C) horizon basis for the 
soils in  this study  as well as in 
other  studies  used later for 
comparative  purposes. Since 
the soil nutrient  data in this and 
most  other  studies were 
originally expressed for 

individual  horizons, it was 
necessary  to calculate weighted 
mean concentrations for each of 
the  master horizons when more 
than  one of each was  present. 
Thus, if a soil contained two or 
more B horizons, for example, a 
weighted  mean value of each 
nutrient concentration had to be 
calculated for the B horizon. 
Concentrations of individual 
horizons  were weighted 
according to the thickness of the 
horizons. 

The  nutrient  content of each 
horizon  was  determined by 
multiplying  nutrient 
concentrations by bulk 

densities. It was sometimes 
necessary to estimate  the bulk 
density of certain horizons by 
extrapolation of bulk densities 
measured  on nearby horizons. 
Total soil nutrient  content  was 
then expressed on a rooting 
depth basis by summing  the 
nutrient quantities  in all horizons 
or  portions thereof down  to  the 
bottom of the rooting  zone. The 
rooting  zone  was  determined 
from field observations of root 
distribution  in  the soils. Due to 
the relatively small number of 
soil samples collected, the 
amount of statistical analysis and 
the conclusions which can be 
drawn from the soil data  are 
limited. 
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Results 
General  Description of 
Sample  Plots 
The locations of suitable 
ecosystems for conducting the 
present  study  were finalized 
after several years of ecological 
work in the Vancouver Forest 
Region. Many very productive 
sites  supporting excellent 
growth of Douglas-fir were 
examined until the search was 
finally narrowed to five 
localities on Vancouver Island 
(Nimpkish River, Cameron 
Lake and Cowichan Lake) and 
the mainland (Vedder 
Mountain and Chilliwack  River 
Valley). Ten sample plots 

(Figure 1) were established 
which  were  assumed to 
represent  the most productive 
ecosystems for the growth of 
Douglas-fir according to the 
previously specified criteria. 
Basic information about the 
location, forest cover and 
composition, and history of 
these plots is given in  Table 1. 

All ecosystems sampled lay 
within  the  same biogeoclimatic 
subzone - the Drier  Maritime 
Coastal Western Hemlock 
Subzone (CWHa). Therefore, 
they  were  under the influence 
of the  same regional climate 
(macroclimate). 

Table 1. Some characteristics of the  sampleplots. 

With the exception of two plots 
on morainal materials, all plots 
had,  as  parent material, 
recently formed alluvium (along 
rivers, terraces and alluvial 
fans).  Thus,  the plots were 
characterized by  flat  relief and 
submontane  altitude  (mean 
elevation 285 m). 

Although  the selected sample 
plots  represent homogeneous 
samples of ecosystems, they 
varied in the age and 
composition of forest cover (tree 
layers). This is due to different 
disturbances in the past. On all 
of the  plots crown closure 
(stocking)  was high, with an 

‘lot Location Forest stand  type 
number 

Growth History 
age class 

001 Vedder  Mountain 27 Early-immature  red  alder 1 Logged in 1950’s, burnt  in 1951, 
(Fraser River  Valley) planted to Douglas-&,naturally 

regenerated to  red  alder 

002 Vedder  Mountain 27 Early-immature  red  alder 1 Asabove 
(Fraser River  Valley) 

003 Nimpkish River fsland 350 Old  growth Douglas-fir 1 Uncertain (primq succession 
(Canadian  Forest  Products,  (western  redcedar  on  alluvial  materials) 
Vancouver  Island, Ecological and western  hemlock). 
resexve proposaf  no. 164) 

004 Nimpkish River Island 350 Old growth  Douglas-fir  2  Asabove 
(Canadian  Forest  Products, and  western  redcedar 
Vancouver  Island) 

013 MacMillan Park (Cameron 350 Old growth  Douglas-fir and 1 Succession  after  repeated  forest 
Lake, Vancouver  Island)  western  hemlock. fires 

014 Cameron River  (MacMillan 350 Old growth Douglas-fir 2  Succession  after  repeated  forest 
Bloedel,  Vancouver  Island)  (western  redcedar) fires 

015 Robertson River Valley 45 @mature bigleaf maple 1 Logged in 192O’s, naturally 
(Pacific Logging Company,  regenerated to deciduous tree 
Vancouver  Island)  species,  recently  planted with 

Sitka  spruce 
~~ ~ 

016 Maple  Grove  (Youbou, 65 Late-immature  Douglas-fir, 1 Logged in 1920’s, naturally 
~~ ~~ 

Vancouver  Island)  grand fir and bigleaf maple  regenerated  to  coniferous  tree 
species,  unmanaged , 

I 
017 Meade Creek  (Mesachie Lakece, 75 Late-iaunature buglawfir, 1 b$ged in 1%(YS, MhrrallY 

Vancouver Island) grand fir and ws&m Fedcedar regenerated to cuniferous tree 
svecies. unmanaeed 

018 Tamihi  Creek  (Chilliwack 70 Late-immature  Douglas-fir, 2 Logged in 1910’s, naturally 
River  Valley) grand fir and western hemlock regenerated to coniferous  tree 

species,  unmanaged 
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Figure 1. Location of sample  plots. 

average of 80 per cent. All plots, 
then,  had well stocked stands. 
The variation in tree layers 
resulted in four forest stand 
types as follows: old growth 
coniferous;  late-immature 
mixed-coniferous; immature 
deciduous;  and early-immature 
deciduous.  Consequently,  the 
sample  plots  do not constitute 
identical ecosystems despite the 
similarities in climate, soil and 
floristic characteristics. 
Although they currently 
support different plant 
communities, they all have 
similar successional sequences 
of plant  community 
development. 

Classification and 
Characterization  of  the 
Ecosystems 
Ecosystem Classification 
Following analysis and 
synthesis of environment  and 

floristic data,  the  sample plots 
were classified into 
ecosystematic  units. A synopsis 
of the  units is given in  Table 2. 
Complete  environment- 
vegetation tables, including 
explanatory  notes  are given in 
Tables 3 and 4. 

It became clear that, differences 
in  tree  layers  not  withstanding, 
all sample  plots  studied fell into 
a  single association: the Tiarella 
- Polystichum - I'M - AG & TI'. 
This association was identified 
by  Kojima  (1971) in  the CWHa 
Subzone in central Vancouver 
Island.  The biogeocoenotic 
types 1, la  and 2a, listed by 
Krajina (1969), could also be 
included1.  The Tiarella - 
Polystichum - I'M - AG & TI' 
Association is closely related to 
the Tiarella - I'olystichum - TI' 
Association identified in the 
CWHa Subzone  on the coastal 
mainland by Orloci (1964) and 
Klinka  (1976). 

Both associations belong to the 
Tiarella - TI' Alliance,  which  is a 
member of the (Polystichum) - 
TP Order. This order  contains 
ecosystems occurring mainly on 
subhygric, hygric, and 
subhydric  habitats.  Such 
ecosystems  are characterized by 
significant subsurface  inputs of 
both  moisture and nutrients. 
These  inputs are du_e to the 
position of the ecosystems on 
either lower  slopes  or alluvial 
floodplains as well as the 
presence of restricting soil 
layers.  These  conditions, in 
combination,  cause temporary 
or  permanent seepage in their 
soils. Soil nutrient regime is in 
the  range of mesotrophic  to 
eutrophic, if considered 
together  with  the effects of 
seepage water (Jablanczy  1964, 
Klinka  1976). Shade-tolerant 
western redcedar, regenerating 
well in slightly acid moder or 
mull humus, will  become the 
final  tree species, forming  an 
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edaphic climax. The floristic 
structure  and composition of 
these ecosystems is 
exceptionally diversified with a 
moderately  dense to very dense 
herb layer consisting largely of a 
variety of moisture and nutrient 
demanding species. 

The Tiarella - TI' All' lance 
represents  a complex of highly 
productive ecosystems, 
particularly for the  growth of 
Douglas-fir and western 
redcedar (Orloci 1961,1964;  Eis 
1962;  Krajina 1969;  Kojima  1971; 
Kojima and Krajina 1975; and 
Klinka  1976). These ecosystems 
are mainly confined to 
subhygric  and hygric habitats 
and have  a permesotrophic to 
eutrophic regime. 

Soils in these ecosystems need 
not be influenced by seepage 
water  or  other  nutrient  inputs 
to be classed as  eutrophic. Soils 

formed on inherently base-rich 
parent materials on sites that 
are able to fully  satisfy the water 
requirements of the plant 
community can also have 
subhygric moisture and 
permesotrophic to eutrophic 
nutrient regimes. These 
particular edaphic features are 
reflected at  the association level 
of the classification. The Tiarella 
- Polystichum - I'M - AG & TI' 
Association includes 
ecosystems with soils formed 
on inherently base-rich parent 
materials which may or may not 
be influenced by seepage. In 
contrast,  the related Tiarella - 
Polystichum - TI' Association 
includes ecosystems with soils 
formed on less base-rich parent 
materials which are influenced 
by temporary or permanent 
seepage. The former association 
is characterized by  mesic to 
hygric moisture and permeso - 
trophic to eutrophic  nutrient 

regimes, whereas the 
latter association is 
characterized by hygric 
moisture, and mesotrophic to 
subeutrophic  nutrient regimes. 

Differences in nutrient  status 
are reflected through 
differences in the floristic 
composition. The Tiarella 
- Polystichum - TI' Association 
shows either  a low species 
significance or a lack of the 
following species: Abies  grandis, 
Adenocaulon bicolor, Adiantum 
pedatum,  Achlys  triphylla, 
Asarum  caudatum,  Bromus 
vullparis, Disporum hookerii, 
Festuca  subulata, Festuca 
subulijlora,  Osmorhiza  chilensis, 
Smilacina stellata and Tolmiea 
menziesii. This contrasts with 
the Tiarella - Polystichum - I'M 
- AG & TI' Association, where 
these species are  important. 

Table 2. Synopsis of taxonomic units indicating  Imels  ofgeneralization.1 

Plant  order Plant  alliance Biogeocoenotic association 

(Polystichum) - TP Tiarella - TP  Tiarella - Polystichum - PM - AG & TP 

[Polysticho  (muniti)] - Thujetalia Klinka & Krajina  1976 
plicatae Plagiomnio  (insignis) - Tiarello 

[n.n. Krajina 1969, Brooke r ta l .  1970 - Thujicn plicatae 
Kojima & Krajina  1975:  Thujetalia 
plicatae] [n.n. Kojima & Krajina,  1975: 

trifoliatae) - Polysticho (muniti) , 

Mahonio  (nervosae) 
- Polystichion  muniti] 

Plagiomnio  (insignis) - Achlydo  (triphyllae) 
- Tiarello (laciniatae & trifoliatae) - 
Polysticho  (muniti) - Pseudotsugo  (menziesii) 
- Abieto  (grandis) & Thujetum plicatae 

[n.n. Kojima & Krajina 1975; Eurynchio 
(oregani) - Tiarello (trifoliatae) - Polysticho 
(muniti) - Achlydo  (triphyllae) - Pseudotsugo 
- Tsugo  (heterophyllae) - Thujetum plicatae] 

Biogeocoenotic type Forest stand  type  recognized  in  this  study 

1. Tiarella - Polystichum - I'M - AG & TP on Loamy-Skeletal 11. Old  growth Douglas-fir (western  redcedar) 
Orthic  Humo-Ferric  Podzol, Sombric phase  with Vermimull 
on  an Alluvial Terrace 

2. Tiarella - Polystichum - PM - AG & TPon Coarse (& Fine) - 21. Old  growth Douglas-fir and western hemlock 
Loamy  Orthic  Humo-Ferric Podzol,  Sombric phase,  with 22. Late-immature Douglas-fir, grand fir and  western redcedar 
Vermimull on Alluvial,  Glaciofluvial  or  Morainal  Materials 23. Late-immature Douglas-fir, grand fir and  western hemlock. 

24. Late-immature bigleaf maple 
25.  Early-immature  red alder 

3. Tiarella - Polystichum - PM - AG & TPon Sandy to  Loamy 31. Old growth Douglas-fir (western  redcedar  western  hemlock) 
Cumulic Regosol with Vermimull on  an Alluvial  Terrace  32. Old  growth Douglas-fir and western  redcedar 

33. Late-immature Douglas-fir, grand fir and bigleaf maple 

Names of tree  species  are  abbreviated as follows: AG - grand fir (Abies grandis), PM - Douglas-fir (Pseudotsuga menziesii), and TP - 
western  redcedar (Thuja plicata). 
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Table 3. Tiarella - Polystichum - PM - A G  6 TP Association. 
Environment - vegetation table, part 1 

Plot number 003 004 013  014  016  017  018  015 001 002 

Biogeoclimatic subzone CWHa CWHa CWHa CWHa CWHa CWHa CWHa CWHa CWHa CWHa 

Elevation (m) 200 200 205  215 180 185  360  165  575  560 

Slope  gradient (Yo) 0 0 0 . o  10 0 0 0 5 5 

Asuect (deerees azimuth)' F F F F 240 0 0 0 250  315 

Particle  size (CSSC 1978)' CL S FL LSK FL CL C L . C L  CL CL 

Soil subgroup (CSSC 1978)3 CR  CR OHFP OHFP CR OHFP  OHFP  SHFP  OHFP  OHFP 

Depth  to restricting  layer (an) - - - - - - __ - loo 64 

Coarse  fragments (YO volume) 1 13 0 42 22 0 9 0 14 22 

soil moisture regime' SHG  SHG  SHG M SHG  SHG  SHG  SHG  SHG SHG 

soil  nutrient regime5 E E E E E E E E E  E 

soil  parent materials' AT  AT  AT  AT AF AF  GFT  AT MB MB 

Rooting depth (cm) 73+ 108+ 110+ 53+ 90+ 135+ 86+ 94+ 100+ 93+ 

Thickness of soil organic  horizons (cm) 1 0 1 1 1 2 4 1 1 5 

Thickness of Ah horizons (cm) 7 0 8 8 8 7 1 26 9 2 

Humus form7 V M V M V M V M V M V M M M ' V M V M V M  

pH (H?O) of Ah horizon 5.6 - 4.3 5.1 5.5 4.4 - 5.6 4.6 - 

C/N of Ah  horizons 17.3 - 19.3 20.3 13.5 21.1 - 16.1 17.3 - 
pH (H20) of mineral soil 5.3 5.5 4.8 4.8 5.1 5.1 5.3 5.5 4.6 4.6 

Age  (years) i350 2 350 2350 2350 65 75 70 45 27 27 

Growth class of Douglas-fir 1 2 1 2 1 1 2 1 1 1 

Site  index Irn/100 vrs) 64 55 58 51 64 58  55 64 ... 60  60 

No. of stems  (dbh > 7 cm)/ha 263 180 250 260 352 461 593 400 - - 

Basal area  (m2/ha) 171.4  128.5  176.6  128.6 72.2 73.9 66.5 36.4 - - 
Mean dbh (cm) 

~ ~ ~~ 

71.3 86.4 72.2  68.4  46.4  41.8  32.5 31.8 - - 

Standard  deviation of dbh (cm) 57.1 36.7 63.7 41.5 16.0 17.3 21.4 14.1 - - 
Strata  coverage (YO) A  laver 80 70  60  80  90  80  75  95  65 90 

B layer 20 20 40 0 1 5 1 0 5 0 2 5 8 0 8 5  

C  layer 80 75 80 85  95 80 75  95 85 10 

D layer 8 0 5 0 8 0 8 0 6 5 3 5 9 5 4 0 1 0 3 0  

Ground coverage (%) humus 90 80 80 80 75  70 70 75 85 70 

mineral soil + 15 0 0 0 0 0 0 0 0 
decaying  wood 10 10 25  20 20  30 35  30 15 35 

Explanation of symbols  used in  Table 3: 

IF - flat 

2S - sandy, LSK, loamy-skeletal, CL - coarse-loamy, FL - fine-loamy. 

3CR - Cumulic Regosol, OHFP - Orthic  Humo-Femc  Podzol,  SHFP - Sombric  Humo-Ferric  Podzol. 

4M - mesic,  SHG - subhygric. 

5E - eutrophic. 

6AF - alluvial  fan, AT - alluvial  terrace, GET - glaical-fluvial terrace, MB - morainal  blanket. 

7VM - Vermimull, MM - Mullmoder. 
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Table 4. Tiarella - Polystichum - E" - AG 0 TP Association. 
Environment - vegetation tables, part 2 

Plot 
number 

Synthetic 
values 003 004 013 014 016 017 018 015 001 002 

St.no.1 Species2 fl MS4 RS5 Species significance and  vigor6 

AI 1 Pseudotsuga  menziesii 50.0 4.9 0-6  6.3  5.3 5.3 5.3 - - 5.3 

2 Abies  grandis 30.0  4.0  0-5 - - 5.3 5.3 5.3 - 

A2 Pseudotsuga rnenziesii 80.0 5.7 0-7 6.3 6.3 6.3 7.2 5.3 7.5 5.3' - 3.3 - 
Abies grandis 70.0 4.8 0-6 - - 4.0 - 6.3 5.3 5.3 4.2 3.3 4.3 

4 Alnus rubra 40.0 5.4  0-8 - - 3.2 - 3.3 8.3 8.3 

5 Thuja plicata 30.0 3.3 0-5  5.2 4.3 - - 4.2 - 

6 Tsuga  heterophylla 30.0 3.1 0-5 - - 5.1 1.0 - - 4.2 - - . _  

A3 Thuja plicata 50.0 5.2 0-7 5.3 7.2 - 7.2 - 6.3 3.2 - 

Acer macrouhwllurn 50.0 4.7 0-6 - - 6.3 5.3 5.2  5.2 - 3.2 

Tsuga heterophylla 40.0 4.5 0-6 6.2 - 6.2 - - 3.3 5.2 - 

B1 Tsuxa heterophylla 80.0 5.2 0-8 4.+ 1.2 7.1 2.2 - 4.2 5.2 - 3.3 8.3 

9 Acer  circinatum 
~ ~ 

30.0 5.0 0-7 - 
~ ~~~ 

- 6.3 - 7.3 7.2 

8 2  11 Rubus spectabilis 90.0 3.0 0-4 2.2 4.2 1.1 1.1 4.2 2.1 2.1 1.1 - 2.1 

12 Vaccinium varvifolium 80.0 3.4 0-5 1.2 +.1 5.2 2.1 3.2  4.2 - 3.2 +.I +.1 

13 Oplopanax horridus 70.0 4.0 0-5  4.2  5.2 - - 3.1 5.2 2.1 1.1 3.1. 

14 Mahonia nervosa 60.0 3.7 0-5 - - 3.3 2.2 - 2.2 5.3 1.2 5.2 - 

15 Rubus  parviflorus 60.0 3.1 0-5 1.1 2.1 - - 1.2 - 3.1 - 5.2 2.1 

16 Rosa gymnocarpa 50.0 2.0 0.3 3.2 3.2 +.l - - 2.2 - 2.2 - 

Tsuga  heterophylla 40.0 3.2 0-5 - - 5.1 - 2.2 - 3.2 - - 4.2 

17 Sambucus racemosa 40.0 2.5 0-4 1.2 - - 4.1 - 2.2  4.2 

Thuja plicata 40.0 2.0  0-3 - - 3.2 2.2 2.1 3.2 

C 26 Polystichum  munitum 100.0 7.5 +-9 7.3 5.2 8.3 9.2 8.3  8.3 7.2 7.2  3.1 +.I 

27 Achlys triphyila 100.0 7.2 3-8 8.3 8.3 7.3 7.3 6.2 4.2  7.2 8.3 6.2 3.2 

28 Mycelis  muralis 100.0 3.8 +-5 3.2 3.2 +.+ 5.3 4.3 2.2  2.2 4.3 3.2 1.2 

-29 Tiarel~&ifoiiata 90.0 5.4  0-8 5.3 5.3 7.2  5.2 3.3 4.2 8.3 2.2 - 1.1 

30 Galium  triflorum 90.0 5.0 0-6 5.3 - 6.3 3.2 4.3 3.2 5.3 4.3 5.3 2.2 

31 Disporum h&ri 80.0 3,3 0-4 4.2  4.2 3-3 - - 2.2 2.1 4.2 2.2 2.1 

32 Tiarella  lacinata 80.0 2.4  0-4  2.2 1.2 4.2  3.2 1.2 1.1 1.2 +.2 - 

33 Luzule pamiflora 80.0 2.4 0-3 3.3 3.3 1.3 2.3 - +.2 3.3  2.3 1.3 - 
34 Montia sibirica 70.0 4.0 0-6 1.1  2.3 - - 1.2 - 3.2 2.3 6.3 5.2 

35 Athyrium filk-fmina 70.0 3.6 0-3 4.3 4.2 1.2 - 3.2 1.2 5.2 3.2 - 

36 Adenocaulon bicolor 70.0 3.0 0-4 4.2 4.3 2.3 - 3.2 1.2 1.2 2.3 - 

38 Adiantum  pedatum 60.0 4.1 0-5 5.3 3.1 - 5.3 2.2 - 1.2 5.2 - - 

39 Vwh dabella 60.0 2.7 0-4 4.2 4.2 - - +.l 2.2 1.3 - '  2.2 

40 Carex  hendersonii 60.0 2.6 0-4 - - 3.3 2.2 3.3 - 2.2 4.3 1.2 - 

41 Polypodium glyqrrhiul 60.0 1.1 0-2 - - 1.1 +.f 1.3 1.1 + ,2  2.2 - 
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Table 4. (Continued 2). 

Plot Synthetic 
number values 003 004 013 014 016 017 018 015 001 002 

~ ~~ 

St.no.’ Species’ P3 MS4 RS5 Species significance and  vigor6 

42 Toltniea tmrzicsii 50.0 3.1 0-5 - - 1.2 +.2 5.3 - 3.3 3.2 - 
43 Srrri/acirrn sfdlntn 50.0 2.7 0-4 4.2 3.2 - - 3.3 3.3 1.2 

44 Trisr t lm  ccrnrlm 50.0 2.3 0-4 2.2 4.3 2.2 3.2 - - 1.2 - 

50.0 2’2 0-4 - - 4.3 1.2  1.2 - 3.3 1.2 

46 Osrrforhizn chikrrsis 50.0 1.8 0-3 - 3.2 - - 1.2 2.3 2.2 2.2 

47 Trirrltnlis I a f i f d i n  50.0 1.5 0-3 - - 2.2 - 1.2 1.1 1.2 3.2 

Tsup /retrroy/rylla 50.0 1.0 0-1 1.1 - 1.2 1.2 1.2 1.2 - 

48 G!/rrrrloL-nr~lirrrrr dtyopkris 40.0 4.7 0-7 7.3  7.3 - 2.2 - - 3.1 - 

49 Asarwrl carrdnfrrrrr 40.0 4.3 0-7 - - 5.2 4.3  7.3 2.2 

40.0 3.0 0-5 - - 1.2 3.3 1.2 - 5.3 - 

~ ~ 

54 Stflchys cw/tyflP 30.0 3.4 0-5 - - 1.1 5.3 - - 5.3 - 

56 Dicrrlfrn fonrroso 30.0 +.9 0-2 - - 2.2 1.3 1.2 

Acrr  ~rin~rl)~r/r!///lrrrf 30.0 +.7 0-2 - - 1.3 - +.2 - 2.2 - 

57 Actma rrrhra 30.0 + . 5  0-1 - - 1.1 - 1.2 1.2 

Dh 92 P/n ,y I~~r r r r f i~~r r r  irrsr,yrrc7 100.0 5.8  1-7 7.3  6.3 5.3 6.3  7.3  2.3  7.3  5.3 1.3 2.3 

93 Lrrrcoltpis nrrrlziesii 70.0 5.0 0-6 6.3 5.3 - 6.3 5.3 3.2 3.3 1.2 - 

94 Stokrs id lu  orcyrfu 70.0 5.0 0-7 4.2  5.2 4.2 2.2 - 5.3 7.3 4.2 

95 Hlrlocorrrilrrn svletrder1s 60.0 5.0 0-7 5.2 4.2 4.3 6.3 - 2.2 7.3 - 

Sporadic  species  with constancy class,  species  significance and  vigor. 
A1 tayer B1 layer C layer Dh layer 
3 Populus trrhocaqra l(2.6) Awr  mucro[hyl!uvl l(2 9)  58 C1rcac.a paclhru I(2.6) 99 Play~othecrurn  ufldulatum l(1.7) 

Thuja pllcata l(2.7) 59 Poa marrida l(2.0) 100 Isothesium stoloniferum l(1.5) 

Populus trirhocarpa l(3.6) Abiesgrandis 1(+.2)63 M a ~ a ~ ~ t h o n u m d i l a t a t u m  I(1.2) 103 Stokesiellaprarionga 1(+.6) 

66 Ptseridium aquilinum I(l.1) 87 Abies amabilis I( + . O )  

23 Rubus ursI11us l(1.1) 105 Nrckrra douglasrr 1(+.2) 

A3 layer B7 layer 67 Traukwtteria caroliniensis I(l.1) 106 Antitrichiacurtigendula I(+.O) 
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Table 4. (Continued3). 

Sporadic  species  with  constancy  class,  species  significance  and vigor. 
B1 layer c layer 

20 Plcea srtclfotsrs I(+ .3) 72 Lfsfera caurfna I(+.O) 

21 Rhamnuspurshiuna II(+.O).73 Prunella vulgaris I(+.0) 

22 Physocarpus capitatus I(1.0) 74 Sfellarra crispa I(+.O) 

23 Rubus uninus I(1.0)75 Geranium mbertimrum I(4.7) 

Prunus emarfinafa 1(+.2) 76 Viola sempmirens I(1.6) 

Abies grandis I ( i . 0 ) ~  Eyilobium angustifolium I(1.0) 
Alnus rubra I(+.O) Abiesxrandis 1(+.2) 

24 Amehnchieralnifbh I(+ .0)78 Fragaria uesca I(+ 2) 

25 Holodiscus discolor I(+.O)79 Gwdyeraoblongifolia I(+.O) 

80 Prenanthesahta I(+ .O) 
81 Anaphalis mar,arzfacea I(+.O) 

82 Cerastium aruense I( + .O) 
83 Geum macrophyllum I(+ .O) 

84 Ranunculus repens I( + .O) 
8.5 Ranunculus uncinafus If+.O) 

86 Veratrum v i d e  I(+ .O) 
88 Boykinia elafa I(+ .O) 

89 Equisetum aruense I( + .O) 
90 Monotropa uniflora I(+.O) 

91 Streptopus streptapides l(+.O) 

Explanation of symbols  used  in Table 4: 
ISt.  no. - strata  number: A1 - dominant  and codominant trees, A2 - intermediate trees, AQ - suppressed  trees 
> 10 m, B 1 -  saplings and  shrubs  between 2 m and 10 m, B2 - shrubs  and woody  plants < 2 m, 
C - small woody  plants and herbaceous  plants, Dh - bryophytes,  lichens and  seedlings  on  humus. 

2Species  with  presence < 20% are  listed  outside  the  lower  margin of the table. 
3~ - presence (yo). 
4MS - mean  species significance. 
5RS - range of species  significance. 

63pecies  rating for individual  plots is based on the Domin-Krajina  scale for species  significance  (combined scale for abundance 
and dominance)  and Peterson (1964) for species  vigor. 
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A  comparison of site index and 
growth class for  Douglas-fir 
between the two associations 
(Table 5) showed not only a 
higher productivity potential of 
the Tiarella - Polystichum - I'M 
- AG & TI' Association but also 
the exceptionally high 
productivity of the sample plots 
selected for this study. 

Most plots  showed  height 
values above the  upper limits of 
the B.C. Ministry of Forests site 
tables (Browne 1962). Despite 
difficulties in accurately 
determining forest productivity 
for old growth and unmanaged 
second  growth,  the data in 
Table 5 clearly indicates that the 
plots  sampled in previous 
studies of Tiarella - Polystichum 
associations not only had a 
wider  range  of productivity, but 
also  a lower mean productivity 
(as estimated by growth class 
and site index) than the plots 
sampled in the  present  study. 
Therefore, it  can  be concluded 
'that  the sample plots of the 
present  study probably 
represent  the most productive 
ecosystems for the growth of 
Douglas-fir in the region. This 
is supported by an earlier study 
in which Krajina  (1969) 
characterized the best sites for 
Douglasfir in  British  Columbia 
as those  represented by the 
Tiarella - Polystichum - I'M - 

AG & TP Association. On these 
sites, Douglas-fir may reach 54 - 
60 m in 100 years - the 
maximum  growth of any tree on 
any site in Canada. 

Excepting only the sequoias of 
California, Douglas-fir is the 
largest tree species found in 
North American forests. Trees 
greater  than 2 m in diameter 
and 715 m in height  are relatively 
common in old growth forests 
of the Pacific Northwest 
(McArdle et aI. 1961). The 
greatest  diameter  (dbh) so far 
authentically reported is 4.7 m 
for a tree measured in 1924 near 
Mineral, Washington. The 
tallest Douglas-fir tree on 
record was 101 m, measured by 
E.T.  Allen in 1900 near Little 
Rock, Washington. The oldest 
Douglas-fir tree, again found in 
Washington  state near the town 
of Mount Vernon, was 1,400 
years old (McArdle et  al. 1961). 

Climate 
As stated earlier, all sample 
plots  were located within the 
CWHa Subzone and were 
therefore  under  the influence of 
the  same regional climate. 
Selected climatic characteristics 
for the CWHa Subzone are 
presented in Appendix I. 
Although  the local  climatic 
parameters of individual plots 

do vary,  they  are likely  to  fall 
within  the  ranges given by the 
standard deviations of these 
parameters in Appendix I. 

It is  not  surprising to be  able to 
reaffirm Krajina's  (1969) 
conclusion that  the most 
productive sites in British 
Columbia, for the  growth of 
Douglas-fir, occur  in the CWHa 
Subzone. Its climate has been 
characterized as drier Cfo 
(KoppedTrewartha 1968), i.e. 
mesothermal,  no distinct dry 
season, precipitation of the 
driest  month over 3 cm, and  a 
cool summer with the mean 
monthly  temperature of the 
warmest  month below 22°C. 
This kind of mesothermal 
climate is suitable for the 
highest productivity in B.C. of 
Douglas-fir, western redcedar, 
western  white  pine  and  grand 
fir due to its long vegetative 
season  and mild winter. These 
general climatic features are 
preferred by the coastal 
population of Douglas-fir. In 
neighbouring biogeoclimatic 
subzones  on edaphically 
comparable habitats, ecosystem 
development is controlled by 
different climates and a lower 
productivity of Douglas-fir can 
be  expected. 

Using site index (m/100 years), 
the highest productivity in the 

Table 5. Means and range of growth class and site  index for Douglas-fir in  the sample plots and in tu10 
associations. 

~~ ~ 

Site index 
Association Growth  class (m/100 years) 

Tiarella - Polystichum - PM - AG & TP 1.3  56.6 
(Present study) 1-2 53-60 

Tiarella - Polystichum - I'M - AG & TI' 
(Kojima  1971, Kojima & Krajina 1975) 

2.5 50.3 
2-3 46-56 

Tiarella - Polystichum - TP 
(Klinka 1976) 

2.2 52.6 
1-3 45-58 

~ 

Growth class  is as defined in Appendix I11 
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Drier Maritime Coastal 
Douglas-fir Subzone (CDFa) 
(drier Csb climate) has been 
assessed  as 47.5  (Krajina  1969). 
In both  the Wetter Maritime 
Coastal Douglas-fir Subzone 
(CDFb) (wetter Csb climate) and 
the Wetter Maritime Coastal 
Western Hemlock Subzone 
(CWHb)  (wetter Cf3 climate) the 
highest productivity has been 
assessed  as 51 m/100 years (cf 
54 - 60 m/100 years for the 
CWHa Subzone). However, 
variations in the mesothermal 
climate of the  southern  parts of 
the CWHa Subzone along the 
Pacific coast in Washington and 
Oregon may be even more 
favourable. Consequently, the 
most  productive ecosystem for 
the coastal population of 
Douglas-fir may be found in 
ecosystems  outside of British 
Columbia. Thus, Miller and 
Harrington (1979) studied four 
stands of Douglas-fir in western 
Washington  with site indices 
ranging from 58 - 60 m/100 
years and Steinbrenner (1979) 
has  reported  a  stand in western 
Washington  with  a site index of 
47 ml50 years. 

Vegetation 
The vegetative structure of 
plant  communities in the 
Tiarella-Polystichum - I'M - AG 
& TI' Association varied 
according to differences in age 
and the composition of tree 
layers.  The old growth 
coniferous  stand  type (sample 
plots  no. 003,004,013 and 014) 
was characterized by a poorly 
developed shrub layer and well 
developed  moss and  herb 
layers. The  upper A, layer was 
dominated by Douglas-fir. The 
large  tree size (128 - 202  cm dbh 
and heights from 63.6 - 82.0m) 
is  the  most remarkable 
association feature. The A, 
layer  consisted of Douglas-fir, 
occasionally mixed with 
western  redcedar,  western 
hemlock or grand fir.  In the A, 
layer  western redcedar became 
dominant followed by western 

hemlock.  The lack of 
Douglas-fir in the lower tree 
layers is due to its 
shade-intolerance  on subhygric 
habitats in the CWHa Subzone. 
The  upper  shrub (B,) layer was 
exclusively composed of 
western hemlock, established 
on decaying  wood. 

The coverage of the  shrub, herb 
and moss layers in the 
late-immature, 
mixed-coniferous stand type 
(sample plots no. 016,  017, and 
018) was similar to the above 
type.  Surprisingly,  grand fir 
was  the  dominant tree in 
second  growth  stands (71 - 78 
cm dbh, 48.1 - 52.6 mat the age 
of  70 - 75 years). This may 
indicate  that  within  the 
association the  growth of grand 
fir is superior  to Douglas-fir. 
Douglas-fir and grand fir were 
mixed in the A, layer, with a 
sporadic occurrence of western 
hemlock or deciduous species. 
The A, layer consists of a 
mixture of species, primarily 
bigleaf maple, western redcedar 
and  western hemlock. Western 
hemlock, western redcedar and 
vine  maple comprise the  upper 
shrub (B,) layer. 

The  late-immature and 
early-immature  deciduous 
stand types  (sample plots no. 
015,001 and 002) had well 
developed shrub  and herb 
layers,  with  a poorly developed 
moss layer. The A, layer had a 
low coverage due to the 
uniform upper canopy formed 
by deciduous species. The 
dominant trees were 
Douglas-fir or occasionally, 
black cottonwood. A mixture of 
deciduous  (red alder, black 
cottonwood, bigleaf maple and 
bitter  cherry) and 
shade-tolerant coniferous 
species  (grand fir, western 
redcedar)  was usually found in 
the A, layer. The A, layer was 
very poorly developed, 
averaging less than  5 percent 
total cover. Deciduous species 

(vine  maple, bigleaf maple, red 
alder  and bitter cherry) 
dominated  the B layer, 
followed by coniferous species 
such  as  western hemlock, 
Douglas-fir, western redcedar 
and  grand fir. The growth rate 
of the coniferous species, 
particularly Douglas-fir, was 
affected by the  dense canopy. 
As a consequence, further 
development will result in the 
formation of an  open canopy 
coniferous  stand composed of 
western  redcedar and western 
hemlock with  a minor 
component of grand-fir, and  a 
high coverage of shrub layers. 

One  hundred  and twenty-one 
plant species were recognized 
on  the sample plots with the 
majority (66 species) in the herb 
layer.  The diverse floristic 
composition and well 
developed  herb layer were the 
characteristic floristic features of 
the plots.  The constant 
dominant species consisted of 
Rubus spectabilis in the 
lower shrub  layer  with 
Polysticlzum munitum, 
Achlys  triphylla, Tiarella trifoliata, 
Mycelis  muralis, Galium 
triflorum, Disporum hookeri, 
Tiarella laciniata, and Luzula 
pamiflora in the  herb layer, and 
Plagiomniunz  insigne in the moss 
layer. The criteria used to 
delineate  the  constant 
dominant species were: 
1) presence greater than 80 
percent; and 2) species 
significance greater than 3.0. 

The characteristic combination 
of species for the Tiarella - 
Polystichum - I'M - AG & TP 
Association, i.e. its floristic 
differentiating characteristics, 
includes species listed for the 
(Polystichum) - TP Order 
(Kojima  1971,  Kojima and 
Krajina 1975,  Klinka  1976), the 
Tiarella - TI' Alliance  (Klinka 
1976) and the Tiarella - 
Polystichum - I'M - AG & TI' 
Association (Kojima 1971, 
Kojima and Krajina  1975.) 
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Analysis of the vegetation data 
showed that  the most 
productive sites for  Douglas-fir 
growth  (the Tiarella - 
Polystichum - I'M - AG & TI' 
Association) can  be  recognized 
by the  presence of a particular 
combination of indicator plant 
species.  Support for the use of 
indicator  plant species in 
forestry  has been given by 
Major (1969) who considered 
that  plants  are more precise 
indicators for management than 
most  other environmental 
parameters since they integrate 
those ecosystem characteristics 
pertaining to site quality. The 
combination is given in  Table 6. 
These  plants in the  shrub,  herb 
and moss layers identify the 
most favourable combination of 
climatic, edaphic  and biotic 
properties for the optimum 
growth of Douglas-fir. This 

combination of species cannot 
be  used for an infallible 
identification of the Tiarella - 
Polystichum - I'M - AG & TP 
Association as it includes some 
species which may be found in 
other associations of the Tiarella 
- TP  Alliance or even  the 
(Polystichum) - TP Order. 
However,  when  these species 
are virtually all present  on a site 
in the CWHa Subzone,  then 
that  site will be amongst the 
most  productive for growth of 
Douglas-fir. 

Plants  preferring  a high soil 
moisture  status  (as usually 
indicated by free moving soil 
water),  such  as Adiantum 
pedatum,  Athyrium  felix - femina, 
Carex  hendersonii,  Oplopanax 
horridus,  Rubus spectabilis and 
Viola glabella, occurred with a 
low species significance. 

However,  the presence of 
species  preferring or tolerating 
a  lower soil moisture  status, 
such  as Achlys  triphylla, 
Adenocaulon bicolor, Disporum 
hookeri,  Mahonia  nemosa, 
Rhytidiadelphus  triquetrus, Rosa 
gymnocarpa,  Rubus  pamiflorus 
and Trientalis latijolia, suggested 
that  the soils of the Tiarella - 
Polystichum - PM - AG & TP 
Association provide adequate 
water  as  a result of their water 
holding capacity, rather  than  as 
a  result of lateral seepage. 

All plants listed in  Table 6 are 
considered to require a high 
amount of available nutrients 
(i.e.  a very rich  or eutrophic soil 
nutrient regime) and are known 
to  be associated with very 
productive ecosystems in the 
mesothermal biogeoclimatic 
zones (McMinn 1957, 

Table 6. Combination of indicator  plant species found  the  CWHa Biogeoclimatic Subzone on the  most 
productive  sites  for  Douglas-fir. 

Shrub layer Moss layer 

(Mahonia  nervosa) Leucolepis menziesii 

(Oplopanax horridus) Plagiornnium insigne 

(Rosa  gymnocarpa)  (Rhytidiadelphus  triquetrus) 

(Rubus  pawiflorus) Stokesiella oregana 

(Rubus spectabilis) 

Herb  layer 

Achlys  triphylla  (Osmorhiza  chilensis) 

(Adenocaulon bicolor) Polystichurn munitum 

(Adiantum  pedatum) (Smilacina  stellata) 

(Afkyriunlfilix-fmlilla) (Stachys cooleyap) 

Asarum  caudatum (Tiarella laciniata) 

(Carex  hendersonii) Tiarella trifoliata 

Disporum  hookeri (Tolmiea menziesii) 

(Fesfuca subulata)  Urientalis latijolia) 

Galium frif[orum  (Trillium m a f u m )  

Mycelis  muralis  (Triseturn  cernum) 

Luzula  parviflora (Viola glabella) 

Montia sibirica 

Species in parenthesis  have  a  lower  species  significance or presence. 
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Mueller-Dombois 1959, Orloci 
1964,  Kojima  1971,  Klinka  1976). 
These  workers  found  that  some 
of the species, such as Adiantum 
pedatum,  Athyrium  filix-femina, 
Carex  hendersonii,  Festuca 
subulata,  Oplopanax  horridus, 
Plagiomnium  insigne, Tiarella 
trifoliata and Tolmiea  menziesii in 
fact prefer habitats with a 
eutrophic soil nutrient regime. 

To demonstrate  the effect of 
variation in the age and 
composition of tree layers, an 
abbreviated vegetation table 
was  prepared (Table 7). Here 
the  sample plots were  grouped 
into  the following three 
generalized forest stand types: 
1) old  growth coniferous; 
2) late-immature, 
mixed-coniferous; and 
3) immature, mixed-deciduous. 

Only  the species with 
significant differences both in 
Constance  class and mean 
species significance among the 
types  were listed. The floristic 
composition of the old growth 
coniferous type - an advanced 
form of edaphic climax - was 
used  as  a benchmark for the 
Tiarella - Polystichum - I" - 
AG & TP Association. It 
appeared  that  the four 
individual forest stand types 
could  be floristically 
differentiated, although a 
rigorous differentiation was not 
possible due to the small 
numbers of sample plots used. 
A  pattern of four combinations 

of species was  apparent in  Table 
7. One combination 
characterized the old growth 
coniferous type, another 
characterized the  immature 
deciduous type, whereas the 
other  two were combinations of 
two  types each. One of these 
two combinations consisted of 
species  common to both the old 
growth  and late-immature 
coniferous types, whereas  the 
other consisted of species 
common to both the  immature 
coniferous and immature 
deciduous types. 

The combination of species for 
the old growth coniferous type 
included Listera  caurina and L .  
cordata (the mesophylophilous 
and mesotrophophytic species) 
and  the  three mosses (this stand 
type  has  a very well developed 
moss layer). A local 
accumulation of organic 
materials on  the forest floor and 
the  humid,  shaded 
microclimate of old growth 
coniferous stands may be the 
environmental attributes 
responsible for this 
combination. The second 
combination, comprising both 
old growth  and late-immature 
types,  showed their close 
relationship  and, to a certain 
degree, differentiated between 
coniferous and deciduous cover 
types. The third combination 
was comprised of both 
immature coniferous, and 
deciduous types. This  is 
understandable since both are 

related in age and past 
disturbance. Abies  grandis is a 
relatively short-lived species 
which is shade-intolerant on 
subhygric habitats in the CWHa 
Subzone. Therefore, it was only 
found in relatively young 
stands,  where it had 
regenerated in the  open. The 
presence of Acer  macrophyllum 
and Alnus rubra in both cover 
types indicated the  strong 
ability of these species to 
regenerate  on disturbed sites 
and persist for a considerable 
time while in coniferous stands. 

The  fourth combination was 
characteristic of the  immature 
deciduous type. It included 
plants which are most 
frequently  found in deciduous, 
or in young coniferous, stands 
which  were established 
naturally  on very productive 
sites after the old coniferous 
stands  had been logged. These 
plants prefer an edaphic 
environment characterized by a 
very rapid rate of 
decomposition and  a high 
availability of nutrients as 
suggested by their preference 
for mull humus forms. A  dense 
coniferous forest canopy is 
likely to suppress Acer 
circinatum, a species ecologically 
related to Acer rnacrophyllum, 
and Alnus rubra. This  would 
explain its greater importance in 
the  immature deciduous type 
than in the coniferous types. 

15 



Table 7. Differentiating combinations of plant species for forest stand  types  in  the study plots of the Tiarella - 
Polystichum - PM - AG 13 TP Association. 

Forest  stand type and 
species  combination Old growth coniferous Late-immature coniferous  Immature deciduous 

Old growth coniferous: 
Listera caurina I 111 0.6 I - - - - 

listera  corhta 

- - - - 111 1.0 Poxonaturn  mamunii 

- - - - 111 2.2 Plagiochila asplenoides 

- - - - I11 0.0 

Timmia austriaca I 111 3.0 I - - - - 

Old growth & late- 
immature coniferous: 

Adenocaulon bicolor 

II 4.1 N 4.9 Iv 1.6 Adiantum  pedatum 

I1 1.2 IV 3.6 V 2.5 

Athyriumfilix-femina I IV 3.6 rv 4.4 I I1 2.1 

lsothecium  stoloniferum I v  4.0 N 1.6 I I1 2.1 

Tiarella laciniata 

Immature coniferous 
& deciduous: 

I V 3.3 V 1.5 I1 0.0 

Abiesgrandis I1 2.7 

V 5.7 N 4.4 Acer  macrophyllum I1 0.3 

V 5.7 V 4.2 

Festuca subulata - 3.2 N 2.3 I 
Elumus  alaucus - - I I1 0.6 I1 3.1 I 

Immature deciduous: 

Acer  circinatum - - I1 4.9 I IV 6.3 I 
Actaea rubra - - II 0.6 

Asarum caudatum - - I1 4.1 

N 1.2 

v 1.9 Dicentra firmosa - _. - - 
V 5.4 

Osmorhiza chilensis I1 1.8 I1 0.6 I V 2.4 I 
Sambucus racemosa II 0.3 II 3.1 I IV 3.2 I 
Symphoricarpos albus - - - - IV 4.6 I 

Roman  numerals I - V refer to constancy class or  presence value (Brooke et al. 1970),  arabic numerals refer to mean  species 
significance  values as defined by Klinka  (1974). 
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Soils 

Description 
Detailed descriptions of pedons 
(Fig. 2, Appendix IV), analyses 
for some physical and chemical 
properties (Table  8, Appendix 
V), and selected soil 
characteristics (Table 3) 
provided  data for the analysis of 
the soil component of the 
ecosystems. 

All  of the soils examined  were 
under  the influence of the drier 
mesothermal (Cfb) climate. All 
occurred on sites of relatively 
flat relief and most  have formed 
on  recent (post-glacial) alluvial 
materials (two soils formed 
from parent materials of glacial 
till). Coarse fragment content 
was low, with  an average of 
12 O/O and a range of 10 - 52 
percent.  Most soils had 
coarse-loamy particle  size 
(CSSC 1978). Therefore, the 
soils had more  than 15 percent 
fine  sand  or coarse particles  by 
weight, including fragments up 
to 7.5 cm diameter, with less 
than 18 percent clay in the fine 
earth fraction. Rooting depth 
was moderately deep to deep, 
extending from 53 cm  to  over 
135 cm. Roots tended to  be 
concentrated  in  the  upper 
mineral horizons with fine and 
very fine roots confined mainly 
to melanized (Ah) horizons. 

A  combination of a flat 
topography, loamy texture, and 
a relatively low  coarse fragment 
content resulted in a high soil 
moisture holding capacity. 
Since the CWHa Subzone  has a 
humid climate (mean  annual 
precipitation of 1870  mm and a 
mean precipitation, April  to 
September, of  470 mm), the 
soils in this subzone  are not 
expected to have a large 
moisture deficiency.  Occasional 

incipient gleying in the lower 
horizons  and  the presence of 
water-demanding plant species 
suggested  that  the soil moisture 
content remains high, even 
during  the vegetative season. 
The absence of a restricting 
layer (with  the exception of the 
soils formed  on glacial  till) acts 
against  the formation of a water 
table. Due to these specific 
properties,  the soil moisture 
regime has been designated as 
subhygric, although temporary 
seepage is not acting. 

On  the basis of differences in 
texture, soil  classification at the 
subgroup level, and parent 
materials, three  kinds of soil 
were identified. These kinds 
provided  the basis for 
identifying three 
biogeocoenotic types (Table 2). 
Texture, kind and extent of 
development of soil horizons, 
and their sequence in  pedons, 
were  the most variable of the 
soil properties just mentioned. 

All pedons  had a very thin, 
frequently discontinuous, loose 
L (litter) horizon. This L horizon 
consisted of fresh herbaceous, 
coniferous and deciduous litter 
along with few fungal mycelia 
and various soil fauna. Ah 
horizons of variable thickness 
were  found  under  the L 
horizons.  Most Ah horizons 
were less than 10  cm  thick 
(average 7.6 c m ,  range 0 - 26 
cm)  precluding  the legitimate 
use of the "sombric"  modifier, 
specifying at least 10 cm 
thickness. To emphasize 
melanization, particularly in the 
absence of eluvial (Ae) 
horizons,  the "sombric" 
modifier was applied in the soil 
classification as  the  phase of the 
soil subgroup. 

The color of Ah horizons vaned 
from dark  reddish  brown (2.5 
YR 2/5) to very dark  brown (10 
YR 2/2) and  the texture from 
loam to silt loam. The  prevailing 
structure was  moderate to 
strong, fine to medium granular 
which  is probably related to a 
uniformly abundant population 
of earthworms.  The consistence 
was very friable. The Ah 
horizons  were slightly acid (pH 
5.0 - 5.3) with a relatively  low 
C/N ratio (18-24) and a 
moderately high base saturation 
(15 - 36 %). The L and Ah 
horizon  sequence and high 
biological  activity are 
differentiating characteristics 
for Vermimull humus forms2. 
The term Vermimull  signifies the 
presence of high decomposition 
and mineralization rates as well 
as  the formation of stable humus 
compounds. 

The yield of the "lipid  fraction" 
(Fraction A) from Ah horizons, 
expressed  as percentage of dry 
weight,  was in the range of  0.10 
- 0.30% with a mean value of 
0.19%. Klinka and Lowe  (1975) 
found a mean value of 1.88% 
for Ah horizons from the soils 
of the Tiarella - Polystichum - 
TI' Association in the CWHa 
Subzone in the University of 
B.C.  Research Forest. Other 
ecosystems in the forest, with 
mostly Mor humus forms, had 
lipid fraction levels  well  over 
5%. Other recent studies (Lowe 
and Klinka, unpublished data) 
have also shown a strong 
positive correlation between 
growth class for Douglas-fir and 
'lipid' content of forest humus 
layers for thirty plots in the 
CWH Zone. It was postulated 
that persistence of lipids, which 
are fairly easily degraded in the 
soil system, implies a relatively 

2Humus forms were class$ied  accordir~g fo Kiinka e t .  al. (19811, Class$icofion of hurnus forms i n  ecosystems of British Colurrrhia, Mirristy of 
Forests, ProvinceofB.C., in press. 
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Table 8. Weighted  means of some chemical properties of the two soil subgroups  present in the  study  plots of the  Tiarella - 
Polystichum - PM - A G  b TP Association.  Standard  deviations  are  in  parentheses. 

Number Total Total Exchangeable  cations CEC B a s e  sat-  Pyrophosphate- 
of Depth pH C N  (meq/100 gm) (rneq/ uration extractable  FractionA 

Horizon samples (an) (H20) (CaCl,) (%) . (%) C/N Ca  Mg  Na K 100gm) (%) Fe(%) Al('Yo) (Yo) 

Soil Subgroup: Orthic  Humo-Femc Podzol, Sombric  phase (7plots): 

LFH 2  6 4.9  4.4  29.7 1.3 23 44.0 4.7 0.2 1.1 U4 41 - - 
(3) (1.3) (1.3)  (4.7)  (0.3) (2) (35.3)  (2.4) (0.0) (0.1)  (4)  (32)  (0.2) 

1.4 

A 5 9 4.8 4.4 6.3  0.3 19 10.3 2.0 0.1 0.3 35  37 - - 
(2)  (0.5)  (0.4)  (0.9) (0.1) (2)  (2.6) (0.8) (0.1) (0.0) (7) (12) (0.4) 

0.3 

B 7 
(4)  (0.4) (0.2) (0.4) (0.0) (3) (2.0) (0.4) (0.0) (0.0) (4) (19) (0.3) (0.5) 
23 5.0 4.4 1.4  0.1 16  2.9  0.4 0.1 0.1 16 24  0.4  0.7 - 

C 3 22 4.9  4.5 0.8 0.1 15  1.4 0.1 0.1 0.1 13 18 - - - 
(5) (0.4) (0.2)  (0.5) (0.0) (0) (1.5) (0.1) (0.0) (0.0) (6) (22) 

Soil Subgroup: Cumulic Regosol (3 plots): 

A 3 12  5.3 4.9 6.5 0.3 22 20.5 1.1 0.2  0.2 33 18 - - 0.2 
(0.1) (5) (0.4) (0.5) (3.6)  (0.2)  (4) (25.5) (1.0)  (0.1) (0.0) (19)  (16) 

C 3 27 5.3 4.8  2.9 0.1 27  12.6 0.5 0.1 0.1 16 22 - - - 
(5)  (0.4)  (0.4)  (2.9) (0.1) (17) (18.5)  (0.6) (0.0) (0.0) (13) (3) . ,  . . . .  

low biological  activity and 
hence  a low  cycling of 
nutrients,  which in turn could 
account for poorer growth. 
Thus,  the low  lipid  levels of Ah 
horizons in the present study 
may indicate rapid nutrient 
cycling, which in turn can 
contribute to the high 
productivity in the ecosystems 
of the Tiarella - Polystichum - 
PM - AG & TI' Association. 

The  above discussion of the 
characteristics of the  humus 
forms  and mineral A soil 
horizons on the  study plots 
indicates  that forest litter in  all 
study  plots was rapidly 
decomposed  and humified, and 
mixed  with mineral soil 
particles. 

With the exception of the 
Cumulic Regosols, the Ah 
horizons  were underlain by 
podzolic B horizons. The  color 
of  the podzolic B horizons was 
quite variable ranging from 
dark  reddish  brown (2.5 YR 314) 
to  dark yellowish brown (10 YR 
4/5). Texture was confined to 
loam or silt-loam. The 
prevailing structure  was 
moderate to strong,  medium to 
coarse; subangular blocky with 
consistence being very  friable  to 

friable. The podzolic B horizons 
had considerably lower  total 
carbon, total nitrogen, 
exchangeable cations, cation 
exchange capacity and base 
saturation values than the Ah 
horizons,  although the base 
saturation values may still be 
considered high (Table 8). 

Bm horizons  were delineated 
on  the basis of pyrophosphate- 
extractable iron and aluminum 
(the ratio of pyrobhosphate- 
extractable iron and aluminum 
to clay were also used). The Bm 
horizons underlay podzolic B 
horizons  and  had  a dark 
yellowish color  (10 YR 4/4). 
They had  a weak to moderate, 
subangular blocky structure 
with  a friable to firm 
consistence, in contrast to the 
structure  and consistence of the 
podzolic B horizons. The Bm 
horizons also had lower values 
of total C, total N, exchangeable 
cations, cation exchange 
capacity and base saturation 
than  the podzolic B horizons. 

Since most of the soil originated 
from base-rich alluvial deposits, 
the C horizons represented 
materials of variable  color, 
texture, structure  and 
consistence. In  chemical 

properties  they  had  the lowest 
values of total carbon and total 
nitrogen;  whereas  the values of 
exchangeable cations, cation 
exchange capacity and base 
saturation  were comparable to 
those of the B horizons. The C 
horizons  (and buried Ah 
horizons) of the Cumulic 
Regosols contained more than 
0.6% pyrophosphate- 
extractable Fe and Al. 

Low bulk densities and high 
porosities characterized the 
soils of this study. The mean 
bulk densities of the Ah and B 
horizons  were 0.6 and 0.9 
gm/cm3 respectively. Using the 
value of 2.65 g m / c m 3  for 
particle density, porosity of the 
Ah and B horizons was 
calculated as 77 and 68%, 
respectively, showing  a slight 
decrease  with  depth. Porosities 
are  higher  than  the 3O-65% 
found for most forest soils 
(Pritchett 1979) and were 
associated with the low  bulk 
densities.  The low bulk 
densities  were attributed to the 
presence of well developed soil 
structure  and, in the case of the 
Ah horizons, to a high content 
of organic carbon (6.8%). 
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The soils in the  study plots 
classified as Humo-Ferric 
Podzols (CSSC  1978) did not 
conform genetically  to  soils of 
the Podzolic Order. 
Determination of the genesis of 
these soils is currrently the 
subject of a co-operative study 
with  the Soil  Science 
Department, University of B.C. 
The  Cumulic Regosols  generally 
conformed genetically  to 
Regosolic soils. 

In summary,  the soils of the 
Tiarella - Polystichum - I" - 
AG & TP  Association  can  be 
characterized as moderately 
deep to deep, loamy,  very 
porous, Orthic Humo-Ferric 
Podzols, Sombric phase, or 
Cumulic Regosols with 
Vermimulls, subhygric soil 
moisture, and eutrophic soil 
nutrient regimes. 

Homogeneity3 
Analysis of the vegetation and 
its environment led  to the 
conclusion that all the  sample 
plots  belonged to the  same 
plant association, thus 
suggesting  a relatively 
homogeneous floristic 
composition across all plots. To 
determine  the homogeneity of 
the soils in the  sample plots, the 
coefficients of variation of each 
of five selected parameters (pH, 
total C, total N, CEC and base 
saturation)  were calculated  for 
each of three master (A, B and 
C) horizons.  The values 
calculated for these soils were 
then compared to the 
corresponding values calculated 
from thirty randomly  chosen 
Podzols in the University of 
B.C.  Research  Forest at  Haney. 
The  Haney soils had  been 
sampled in a previous study by 
Klinka  (1976). They represented 
a  broad range of soil moisture 
and  nutrient regimes, had all 
developed  on  quartz 
diorite-derived parent 

materials, were subject  to the 
same regional climate, but were 
at different elevations and 
supported  a variety of 
vegetative covers. 

The five parameters selected are 
considered to  be those most 
useful in assessing soil 
variability (M. Sondheim, B.C. 
Ministry of Environment: 
personal communication). In 
general, the smaller the 
coefficient of variation  for a 

Romogeneous is the soil with 
respect to that parameter. Thus, 
comparison of coefficients of 
variation for the  same 
parameter in different groups of 
soils allows an assessment of 
the relative homogeneity of the 
different groups of soils. 

From Table 9 it can  be seen that, 
for the A and B horizons, the 
study plot samples  had  the 
lowest coefficient of variation 
for each of the five parameters 
except for total N in the B 
horizon. This suggests that the 
study plot soils were, in fact, 
relatively homogeneous. They 
appeared to be more 
homogeneous  than  the  Haney 
soils with respect to the soil 
chemical parameters chosen. 

Nutrient  Status 
Nutrient  status of the  study 
plots  was  compared with 
nutrient  status of other soils  in 
the biogeoclimatic subzone in 
terms of concentrations (Table 
10) and total quantities (Table 
11) of macronutrients. 

Nitrogen 

Of all the  nutrients, nitrogen is 
generally considered to  be the 
most  important limiting 
element in the forested soils of 
coastal western  North America 
(e.g.  Gessell968;  Armson et al. 
1975; Atkinson and Morison 
1975; Heilman 1979). Nitrogen 

arameter  the  more 

concentrations  and quantities in 
the  study plot soils are 
generally high although other 
soils occasionally  exhibit higher 
values (Tables  10 and 11). 
However, total N may not 
necessarily be correlated with 
tree productivity (e.g. Klinka et 
al .  1980). Various forms of soil 
N  have  been correlated with 
plant  growth  (e.g. Black et al. 
1965; Nommick 1976). On the 
North American west coast, 
mineralizable N determined by 
an anaerobic incubation 
method, was recently shown to 
be correlated with fertilizer 
response of Douglas-fir 
(Shumway & Atkinson 1978) 
and also with growth of 
ponderosa pine (Powers 1977). 
Consequently,  the 
mineralizable N levels in the 
soils of the  study plots were 
determined (Table 12) and 
compared to mineralizable N 
levels in  some  other soils. N 
levels were generally lower 
than  those  found in  coastal 
Washington  and  Oregon soils 
by Shumway  and Atkinson 
(1978). The results of the 
present  study  show higher 
mineralizable N levels  in the A 
horizon of the  study plots, but 
lower levels in the B horizon, 
when compared to two other 
soils of known lower forest 
productivity.  When  the N 
concentrations  are expressed on 
the basis of the surface 30 c m  of 
soil (cf Shumway & Atkinson 
1978), they  are greatest in the 
study plot soils and least  in the 
Port Alberni soil, which is also 
the  order of forest productivity 
on  the  three soils. The  study 
plot soils also contain a greater 
quantity of mineralizable N 
than  the  Haney soil  (Table 12). 
One  other  study in coastal 
British  Columbia reported a 
mineralizable N value of 3 ppm 
in  the surface 10 cm  of soil  in a 
Douglas-fir plantation on 
southern Vancouver Island (van 
den Driessche and Webber 

3 
This part of the study was prepared by R. E .  Carter,  B.C.  Ministry of Forests, Vanconuer Forest Region 
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1977). Since this value is an 
average of 12 measurements 
made over a year, it is not 
strictly comparable to data 
collected in the present sttidy. 
With its coefficient of variation 
of 63%, it does suggest, 
however,  that the soils of the 
study plots have higher 
mineralizable N concentrations. 

The high total N levels in the generally high for forest soils 
study plot soils are also although higher levels  can be 
reflected in their relatively  low occasionally found in other 
C/N ratios (Table 10). Low C/N soils. 
ratios are  further indicative of a 
high N availability (e.g. 
Pritchett 1979). 

It can be concluded  that the N 
levels of the  study plot  soils are 

Table 9. Coefficients of variation offive soil  parameters for  the soils of the  study plots and for 30 randomly 
selected  soils in  the  University of B.C. Research  Forest at Haney. 

Standard Coefficient of Coefficient of 
Master Mean deviation variation  for  the  variation  for  the 
horizon Parameter (all samples)  (all samples) Haney samples (%) study plot samples (%) 

A UH (HqO) 5.13 0.48 81 9 

Total C (YO) 7.53  2.58  45 34 

Total N (YO) 0.38 0.11 51 30 

CEC (meq/100 g m )  35.0 9.2 41 
~ 

26 

BS ( O h )  34.0 12.1 68 35 

Total C (YO) 3.19 1.48 51 46 

Total N (%) 0.17 0.09 48 56 

CEC (meq/100 gm) 20.4 5.4 33 

BS (Yo) 25.2 24.0 108 95 

C DH (HqO’I 4.77 1.41 - 30 

Total C (YO) 0.82 0.81 - 98 

Total N (70) 0.06 0.05 - 91 

CEC (meq/100 g m )  11.3 7.9 - 66 

BS (Yo) 16.2  12.6 - 79 
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Table 10. Mean chemical  characteristics of the soils of the  study plots compared with those of other soils in 
the same  biogeoclimatic  subzone (CWHa). Standard  deviations are in parentheses. 

Exchangeable  Base , Total 
No. of Ca Mg Na K CEC saturation  N  Extractable 

Soil samples (meq/100g) (meq/100g) (%I (%) C/N P (ppm) 

L, F, and H horizons 
1. This study 2 44.0 4.7 0.2 1.1 124 41 1.3 23 16.2 

(35.3) (2.4) (0.0) (0.2) (4) (32) (0.3) (2) (3.7) 

2. Haney A 8 13.0 2.6 0.8 1.8 152  12 1.4 33 - 

3. Haney B 8 12.2 2.4 0.7 2.6 114 16 1.2 .35 - 
4. Haney C 9 10.2 2.7 0.9 2.1 111 15 1.4 31 - 

5. Strathcona  A 7 16.9 5.7 0.5 2.0 % 28 1.0 33 39.3* 

6. Strathcona B 10 20.9 5.3 0.6 2.5 94 34 1.1 30  53.5' 

7. Strathcona C 9 15.1 4.4 0.6 3.2 101 26 1.0 38 66.9' 

8. Matsaui area 2 19.4 4.1 0.2 1.3 52  48 0.9 18 114.4 

9. Agassiz area 5 13.6 2.4 0.1 1.3 80 20 0.9 41 54.8 

10. Mission area 15 14.2 3.2 0.3 1.5 122 16 1.6 36 47.0 

12. Vancouver Island 30 20.9 6.2 0.3 3.2 59  52 0.9 36 55.5 

A horizon 

1. This study 7 17.2  2.0 0.2 0.3 37 35 0.4 19 38.0 
(17.7) (1.0) (0.2) (0.0) (6) (11) (0.1) (3) (61.4) 

2. Hanev A 6 0.3 0.1 0.1 0.1 25 3 0.2 15 - 
3. Haney B 3 0.7 0.1 0.1 0.1 24 5 0.1 21 - 

4. Haney C 3 1.0 0.2 0.1 0.2 31 6 0.3 18 - 
5. Strathcona  A 7 6.7 1.4 0.3 0.2 24 32 0.2 25 8 . 7  

6. Strathcona B 10 5.3 0.9 0.3 0.1 23 30 0.1 31 7. P 
7. Strathcona C 11 2.2 0.7 0.3 0.2 18 19 0.1 57  9.5' 

9. Agassiz area 4 1.0 0.2 0.1 0.1 19 8 0.1 30 33.9 

10. Mission area 13 1.3 0.2 0.1 0.2 19 8 0.2 26 12.1 

12. Vancouver Island i 5  17.8 6.3 0.3 0.6 36 62 0.3 22 - 

B horizon 

1. This study 7 2.9 0.4 0.1 0.1 16 24 0.1 16 11.8 
(2.0) (0.4) (0.0) (0.0) (4)  (19) (0.0) (3) (8.2) 

2. Haney A 8 0.3 0.1 0.1 0.1 38 1 0.2 16 - 
3. Haney B 8 0.2 0.1  0.1 0.2 28 6 0.2 17 - 

4. Haney C 5 0.1 0.1 0.0 0.1 21 2 0.2 16 - 

5. Strathcona  A 7 3.3 0.6 0.3 0.1 15 31 0.1 24 1.T 

6. Stmthcona B 10 3.6 0.6 0.3 0.1 17 30 0.1 29 4.5* 

7. Strathcona C 11 0.9 0.2 0.3 0.1 15 12 0.1 58 1.2* 

8. Matsqui  area 2 1.1 0.4 0.2 0.2 20 10  0.1 15 21.8 
~~ 

9. Agassiz area 5 1.2 0.2 0.0 0.1 17 10 0.1 24 48.9 

10. Mission area 16 0.3 0.1 0.0 0.1 28 2 0.2 24 14.7 

11. Chilliwack area 2 1.2 0.6 0.1 0.5 11 21 0.1 14 51.3 

12. Vancouver Island 30 2.2 1.2 0.1 0.2 15 2s 0.1 21 3.3 
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Table 10. (Continued 2) 
~~ ~~ ~~ ~~ ~~ ~ 

Exchangeable Base Total 
No. of Ca Mg Na K CEC saturation N Extractable 

Soil samples (meq/100g) (meq/100g) (%) (%) C/N P (ppm) 

C horizon 

1. This study 6 5.0 0.2 0.0 0.1 13 18 0.1 18 10.1 
(9.6) (0.3) (0.0) (0.0) (8) (16) (0.0) (5) (5.9) 

2. Haney  A 5 0.2 0.0 0.1 0.1 25 2 0.3 18 - 

4. Haney C 1 0.1 0.0 0.0 0.2 10 3 0.1 13 - 

5. Strathcona  A 7 3.0 0.6 0.3 0.1 10 44 0.1 16 0 . 7  
~- 

6. Strathcona B 10 2.4  0.5 0.3 0.1 11 25 0.1 25 1.Y 

7. Strathcona  C 11 1.4 0.2 0.2 0.1 11 18 0.1 38 0.8' 

8. Matsqui  area 2 0.3 0.6 0.1 0.1 8 9 0.0 11 39.6 

9.  Agassiz  area 4 0.1 0.0 0.0 0.1 9 3 0.0 20 52.2 

10. Mission area 15 1.5 0.6 0.1 0.1 12 13 0.1 16  2.5.6 
~~ ~ 

11.  Chilliwack  area 2  1.6 1.0 0.1 0.3 7 40 0.0 5 36.0 

12.  Vancouver  Island 8 7.1 3.9 0.4 0.2 17 68 0.0 25 2.0 

* Analytical  method  not  given. 

Data  were  calculated: 

1. From the 10 soils of the Tiarella - Polystichum - PM - AG & TP Association. 
2. From the Moss - Polystichum - TP - TH Association in  the  University of B.C.  Research  Forest at  Haney (Klinka  1976). 
3. From the  Gaultheria - Mahonia - TP - I'M  Association in the  University of B.C.  Research Forest at  Haney (Klinka  1976). 
4. From the Stokesiella - Gaultheria - TH - I'M Association in  the  University of B.C.  Research  Forest at  Haney (Klinka  1976). 
5. From the  Achlp - Polystichum - I'M - TI' Associaton  in  Strathcona  Park,  Vancouver  Island (Kojima  1971). 
6.  From the Stokesiella - Mahonia - PM - TH Association in  Strathcona  Park,  Vancouver  Island (Kojima  1971). 
7. From  the  Stokesiella - Gaultheria - I'M  TH  Association in Strathcona  Park, Vancouver Island (Kojima  1971). 
8. From the Ryder and Marble Hill  soil series  in  the  Matsqui  area  (Runka & Kelly 1964). 
9. From the Bear Mountain,  Poignant, Slollicum,Weaver, and Woodside soil series in the Agassiz area  (Luttmerding & Sprout 

1967). 
10. From  most  upland soil series  in  the Mission area  (Luttmerding & Sprout 1968). 
11. From the Ryder and Marble Hill  soil series in the Chilliwack area  (Comar et al.  1962). 
12. From the Albemi, Cowichan, Port Albemi, Roach  Logging, Shawnigan,  Sproat,  and  Stamp soils on Vancouver  Island (Day 

et al. 1959, Keser & St.  Pierre 1973). 
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Table 11. Nutrient content (kg, ha) of the mineral soil, measured to rooting depth,  in  the  study plots and in 
other soils supporting  Douglas-fir forests in coastal British  Columbia and Washington. Standard 
deviations are in parentheses. 

~~ ~~ ~~ ___ 

Soil  Depth  Total  Extractable 
~ _ _ _ _  _____ 

Exchangeable 
~ _ _ _  

Soil (an) N P K Mg Ca 

CWHa Subzone 

1. This  study 

2. Hanev - A 70  4566  18* 87 38  489 

3. Haney - B 65 4647 16' 148 25  332 

4. Alberni,  Vancouver  Island 60  5704 - 1379 1727 3689 

5.  Cowichan,  Vancouver  Island 35 9381 - 761 2052  4521 

6.  Shawnigan, Vancouver  Island 75 3029 - 587  217  2112 

7. Sproat, Vancouver  Island 75 3305 - - 425  1790 

8. Stamp, Vancouver  Island 60  4691 - 309 1031 4025 

9. Kennedy Lake, Vancouver  Island 95 11083 14  518 1585 7124 
CWHb Subzone 

10. Ucluelet,  Vancouver  Island 
~~ 

90  6891 21 200  60 1923 

CDFb Subzone 

11. Fairbridae,  Vancouver  Island 60 1660 ** - 350 ** 902 ** 2579 ** 
12. Gosling,  Vancouver  Island 60 2389 17 165 - - 

13. Hart, Vancouver  Island 75 2248 71 272 - - 
14. Kye, Vancouver  Island 90 1771 - - - - 

15. Puntledge,  Vancouver  Island 60 8048 - 112  494 1783 

16. Quadra, Vancouver  Island 
~~ 

80 2084 117  383 - - 

17. Quinsam, Vancouver  Island 65  1085  43  183 - _. 

18. Royston,  Vancouver  Island 50  2984 - 466  250  2661 

19. Senton, Vancouver  Island 7s 3864 136 651 - - 
20. Memekay,  Vancouver  Island - A 25  6900 7 240  240  1300 

21. Memekay,  Vancouver  Island - B 70 4879  25  430 - - 
Coastal  Washington 

22. Cedar River - A 60  2809 - 234 - 741 

23. Cedar River - B 60 5450 140 *** 147 116 836 

24. Puget  Sound Lowland 61-76  2340 - - - - 

25. S.W. Washington 

*Extractable P by alkaline  bicarbonate  extraction. 
** Calculated  assuming  a  coarse  fragment  content of 50%. 

*** Analytical  method for P not  given. 

Nutrient  quantities  were calculated: 
1 From the 10 soils of the Tiarella - Polystichum - PM - AG &TI' Association. 
2 & 3 From  unpublished  data of M.C. Feller for soils in  watersheds A & B respectively in the U.B.C. Research  Forest at 

Haney, described by  Feller  (1977). 
4 - 8 From data  in Day et al. (1959) and Keser & St. Pierre (1973). 

9 & 10 From data in  Valentine (1971). 
11 - 19 From data  in Day et al.  (1959) and Keser & St.  Pierre (1973). 
20 From data collected by F.C.  Nuszdorfer,  Vancouver  Forest  Region,  Ministry of Forests. 
21  From data in  Keser (1969). 
22 By Cole &Johnson (1979)  for a soil beneath  a  Douglas-fir  stand  at  Cedar River in  northwestern  Washington. 
23 By Turner et al.  (1976)  for a soil beneath  a  red  alder  stand  at  Cedar River  in northwestern  Washington. 
24 & 25. By Heilman (1979)  for soils beneath  Douglas-fir stands in  western  Washington. 
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Table 12. Mineralizable  nitrogen  concentrations (pprn) and contents (kg/ha) of soils in  the  study plots and 
some  other soils in the  CWHa Subzone. Standard  deviations are in parentheses. 

No. of N N content of the  mineral 
Soil samples  concentration soil to rooting  depth 

A horizon 

1. This study 5 19.7 (6.8) 1. This study 23 

2. Haney 4 7.3 2. Haney 10 

B horizon 

1. This  study 5 2.0 (2.1) 

2. Haney 7 3.7 

3. Port  Albemi 3 3.0 

C horizon 

1. This  study 4 1.8 (3.0) 

Surface 30 cm (weighted average) 

1. This  study 7.3 

2. Haney 3.6 

3. Port Albemi 3.0 

1. From six of the soils of the Tiarella - Polystichum - PM - AG & TI' Association 
2. Unpublished  data of M.C. Feller for soils in  Watershed A in  the  University of B.C. Research  Forest at  Haney as described by 

3. Unpublished  data of M.C. Feller for soils supporting  the low productivity Stokesiella - Gaultheria - I'M Association  near  Port 
Feller (1977). 

Albemi,  Vancsever  Island. 
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Other  Macronutrients 

Available forms of the other 
macronutrients generally 
exhibited relatively high 
concentrations and quantities in 
the  study plot  soils  (Tables  10 
and 11) with Ca levels being 
particularly high. In this respect 
it is noteworthy that Klinka et 
al. (1980) found that, of the 
cations K, Mg, and Ca,  Ca was 
the most closely correlated to 
forest productivity in the soils 
of the University of B.C. 
Research Forest in the CWH 
Zone.  The high Ca levels in the 
study plot soils may be 
associated with the high 
productivity of the sites, not 
only directly, but possibly  also 
indirectly by providing a 
favourable environment for 
decomposer organisms such as 
bacteria and earthworms. These 
organisms  decompose organic 
materials, hastening the return 
of nutrients to the soil where 

they  become available  for 
uptake by plants.  High Ca 
levels are  in this way 
considered to enhance 
mobilization of soil N, thus 
facilitatin N uptake by trees 
(Viro 196 f ; Dah1 et al. 1967). 

The  element P remains a 
problem  due to the uncertainty 
over  which extraction method 
to use for assessing the 
available supply. Different 
methods have yielded different 
forms of P, many of which  have 
been correlated with tree 

rowth or fertilizer response 
e.g. Black et al. 1965;  Kadeba & 

Boyle  1978). The extraction 
method  which yields results 
best correlated with tree uptake 
in coastal B.C. is currently 
unknown. The Bray method, as 
used in the present study, has. 
also been  used in other studies 
in 8. C. so there are some data 
available for comparison. This 
comparison (Tables  10 and 11) 

I ;  

shows  that I' levels in the soils 
of  the  study plots were 
generally high, but not 
exceptionally high. As it is 
unknown  whether  or not 
Bray-P is correlated with 
Douglas-fir growth in the  study 
area,  not too much significance 
can  be placed on this result. 
Furthermore, Keser  (1969) 
found  a negative correlation 
between Douglas-fir growth 
and soil I' extracted by the Bray 
method,  although this negative 
correlation was associated  with 
relationships  between soil 
texture  and soil  P. 

Of all the macronutrients, S has 
been least studied  and soil S 
data  are too sparse (Table  13) to 
permit  any meaningful 
comments  on  the S status of the 
study plot soils. Heilman (1979) 
also found  that very  little 
information was available on 
soil S levels in the Douglas-fir 
region soils. The higher S levels 

Table 13. Extractable sulphate-sulphur concentrations of soils in  the  study plots as well as of other soils 
supporting  Douglas-fir forests in coastal British  Columbia and Washington. Standard 
deviations are in  parentheses. 

Soil No. of samples SOq-S (ppm) 

L, F, and H horizons 
1. This study 2 39.0 (18.4) 

A horizon 

1. This  study 7 8.2 (4.4) 

2. southwestern  Washineton 13 4.6 

3. Northwestern Washington 1 41.6 

B horizon 
1. This study 7 11.9 (15.4) 

2. southwestern Washington 13 1.7 

3. Northwestern Washington 1 28.8 

C horizon 

1. This  study 6  4.0 (2.1) 

1. From the soils of the Tiarella - Polystichum - PM - AG & TP Association. 
2. Data of E.C.  Steinbrenner  given  in  Heilman (1979). 
3. Calculated  from  data  presented in Johnson  and Cole (1977), in which S04-S was  extracted by K2HP04. 
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reported for the soil  in 
northwestern  Washington can 
be  attributed to the different 
extractant used in that  study. 
This extractant, monohydrogen 
orthophosphate, is known to 
remove some-sulphate 
adsorbed to sesquioxides as 
well as  that readily available, 
unlike the acetate extractant 
which  removes only that readily 
available (Ensminger 1954). 

In general, it is not only the 
concentrations  and  amounts of 
individual  nutrients  which are 
important,  but also the relative 
proportion  or ratios of these 
nutrients. Unfortunately, for 
many of these  nutrients in  soils, 
data  are too sparse  and 
analytical methods 
insufficiently well established to 
permit  a  meaningful 
comparison of ratios. 

Cation Exchange 
Capacity  and  Base  Saturation 
The CEC of the  study plot  soils 
was generally high, indicating a 
relatively high ability  to retain 
cationic nutrients. Base 
saturation, except  for the C 
horizon,  was also relatively 
high, indicating that  a relatively 
high  proportion of the CEC was 
occupied by  cationic nutrients. 
However, in both cases higher 
values can  be observed in other 
soils (Table 10). These results 
are  consistent with the  study 
plot soils generally having a 
high cationic nutrient  status. 

Micronutrients 
The micronutrient status of the 
study plot soils was  compared 
with  that of other soils  in terms 
of concentrations (Table 14). 
Micronutrient data are sparse, 
as  has also been  found by 
Heilman (1979)  for  Douglas-fir 

region soils. Heilman indicates 
that  neither deficiencies nor 
toxicities of these elements have 
been  reported, although high 
A1 levels may restrict the 
rooting of some tree  species. 
Day et al. (1959) indicated that 
micronutrient deficiencies have 
been  found in B.C.  soils  for 
agricultural crops. However, 
van  den Driessche (1979) found 
that  additions of B, Zn, Mn,  Cu 
and Fe did not conclusively 
improve Douglas-fir seedling 
growth  in  a  nursery although 
he cited a  report by Oldenkamp 
and Smilde in which Cu 
deficiencies adversely affected 
Douglas-fir growth. Keser 
(1969) found positive 
correlations between soil  total 
Cu and Zn  levels and 
Douglas-fir growth in the 
Sayward Forest, Vancouver 
Island,  suggesting that these 
two micronutrients may  be 
important for  Douglas-fir 
growth.  Stone (1968) has given 
a detailed review of the role of 
micronutrients in forest tree 
nutrition. 

Despite these studies, there 
were still  insufficient data to 
determine  the relative 
importance of micronutrients to 
tree  growth in coastal  B.C.  The 
studies in fact, help to 
complicate the situation due to 
the variety of analytical 
methods  used to estimate either 
the total or available  levels of 
micronutrients. It is difficult, if 
not impossible, to compare  the 
results of different studies 
when different analytical 
methods were  used to produce 
the results. Safo (1970) has 
studied  the levels of soil Mn 
extracted by different methods. 
Several different extraction 
procedures yielded different 
results for the same soils  from 

the Lower Fraser  Valley of B.C. 
He  did find, however, despite 
some differences associated 
with organic matter content, 
that  the Mn levels extracted  by 
CaCI, were very similar  to the 
exchangeable Mn values. This 
allows a limited comparison 
between  the Mn  levels 
determined by  CaCI, extraction 
in  the  present  study  and  the 
exchangeable Mn  levels  for 
other soils given in Table  14. 
Such a comparison suggests 
that  the soils of the present 
study  had relatively high 
extractable Mn  levels.  They  also 
appeared to have relatively high 
total Cu and Zn levels, but  due 
to insufficient data and  the use 
of different analytical methods, 
this conclusion may not be 
strictly valid. 

This study highlights the lack of 
data  on micronutrients in the 
soils of coastal B.C. The value of 
the soil micronutrient data 
given in Table  14  lies more in 
allowing future comparisons to 
be made  rather than in allowing 
conclusions to be currently 
drawn concerning the 
micronutrient  status of the 
study soils. There is still 
uncertainty over which 
extraction method yields results 
best correlated with tree 
uptake. The extraction methods 
used in this study are those 
which  have yielded results 
which  approximate 
micronutrient levels  available to 
plants,  but  these plants were 
usually agricultural ones. 
Further  studies of different 
extraction methods  and their 
correlation with tree 
micronutrient  uptake are 
required before forest soil 
micronutrient data becomes 
meaningful. 
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14. Mean  micronutrient concentrations  in the soils of the  study plots compared with those of other 
soils supporting  Douglas-fir forests in coastal British  Columbia and Washington. Standard 
deviatiom are in  parentheses. All concentrations are in ppm. 

~~ 

Soil 
No. of Extractable  Total 

samples Fe AI Mn cu Zn B cu Zn 
~ 

L, F, and H horizon9 
1. This  study 2 11.9 21.0  212.0 0.3 27.7 4.1 24 68 

(8.3) (18.4)  (70.7) (0.1) (4.4) (0.5) (16) (46) 

2. Mission  area 6 - 28  67 

5. Sayward Provincial  Forest 2 - __ - - - - 25 86 

- - - - - 

A horizon 

1.  This  study 8 0.8 1.9 20.8 0.6 1.4 0.6 79  108 
(0.6) (1.6) (16.5)  (0.7) (1.0) (0.3) (36) (31) 

31 32 2. Mission  area 3 - - - - - - 
3. Vancouver  Island - CWH Zone 1 - - 12.8 - - - 50 - 

4. Vancouver  Island - CDF Zone 2 - - 8.0 - - - - - 

5. Savward Provincial  Forest 3 - - - - - - 14  27 

6. Lower  Fraser Valley ' 5 - - 5.8 - - - - - 
7. southwestern Washington 13 - - - 0.7- 2.0- 0.1- - 

6.4 7.6 0.4 
- 

B horizon 
1. This  study 8 0.6 2.2 7.8 0.6  0.4 0.2 74 109 

(0.4)  (2.0)  (4.4)  (0.4) (0.2) (0.1) (41) (11) 

22 65 2. Mission  area 5 - - - - - - 
3. Vancouver  Island - CWH Zone 5 

~ ~~~ 

- - 3.6 - - - 64 - 
4. Vancouver  Island - CDF Zone 5 - - 2.1 - - - - - 

5. Sayward Provincial  Forest 5 - - __ _. - 30 46 

6. Lower  Fraser Valley 5 - - 1.8 - - - - - 

7. southwestern Washington 13 - - - 0.5- 1.6- 0.1- 
7.2 4.1 0.3 

~~~ - - 

C horizon 

1. This study 6 1.2  1.7 2.8 0.8 0.3  0.3 60 88 
(1.1) (1.5) (1.8) (0.8) (0.2) (0.2) (30) (11) 

2. Mission  area 5 - - - 33 57 

3. Vancouver  Island - CWH Zone 5 - - 3.0 - - - - - 

- - - 

4. Vancouver  Island - CDF Zone 3 - - 1.2 _. - - - - 
5. Sayward Provincial  Forest 5 - - - - - - 31 40 

6. Lower  Fraser Vallev 5 - - 2.3 - - - - - 

Analytical  methods: 

2 Cu and Zn by 'perchloric  acid-nitric acid digestion. 
3 & 4  Exchangeable Mn  by NH40Ac extraction, total Cu by perchloric  acid-nitric acid digestion. 
5 Total  Cu and Zn by spectrographic  analysis. 
6 Mn by .02 M CaC12 extraction. 
7 Analytical methods  not given. 
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Table 14. (Continued 2) 

References: 

Data were  calculated: 
1. From the 10 soils of the Tiarella - Polystichum - PM - AG & TP Association. 
2. From the  upland soil series  in  the Mission area  (Luttmerding & Sprout 1968). 
3. From the Alberni,  Cowichan,  Shawnigan,  Sproat, and  Stamp soils in  the CWHa Subzone on Vancouver  Island  (Keser & St. 

4. From the Fairbridge,  Qualicum,  Quinsam, Royston and Saanichton soils in  the CDFb Subzone  on  Vancouver  Island  (Day et 

5. From five soils in the Sayward Provincial Forest,  Vancouver  Island (Keser & St. Pierre 1973). 
6. From three alluvial and two marine soils in  the Lower  Fraser Valley (Safo 1970). 
7. Data of E.C.  Steinbrenner  given  in  Heilman (1979). 

Pierre 1973). 

al. 1959). 
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Discussion 
Silvicultural 
Interpretations 
The Tiarella - TI' Alliance, and 
in particular, the Tiarella - 
Polystichum - I'M - AG & TP 
Association, represent a 
number of very productive 
ecosystems in the CWHa 
Subzone.  They  are highly 
suitable for wood production. 
Utilization of this production 
potential  on  a sustained yield 
basis requires the selection and 
application of a specific 
silvicultural regime. Other 
resource use values should not 
predominate  but could be 
maintained through integrated 
forest management. 

These ecosystems, in particular, 
should be managed through the 
application of intensive 
silvicultural practices.  Certain 
precautions are required to 
keep  them fully productive - 
immediate  and successful 
regeneration,  and,  on seepage 
habitats,  the preservation of 
undisturbed subsurface 
seepage flow  by careful road 
layout  and construction 
practices. Unfortunately, many 
of these ecosystems have not 
been properly managed 
following the harvest of old 
growth  stands. Development of 
very dense  shrub layers, 
including red alder, bigleaf 
maple, vine maple and 
salmonberry,  have often 
prevented  the early 
establishment of coniferous 
trees - shade-intolerant 
Douglas-fir in particular. After 
harvesting, these tree and 
shrub species may become 
established in such high 
densities  that neither natural 
regeneration nor planting is 
successful. A large area of 
immature  deciduous  stands 
found  on  eastern Vancouver 
Island and in the Lower 
Mainland signifies a substantial 
production loss. 

Seepage Water 
Some of the most productive 
sites are characterized by the 
presence of seepage water. 
Serious disturbances to 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 
channeled  into small areas, 
depriving  much of the slope of 
its benefit. Such productivity 
degradation can be avoided by 
proper road design and 
provision for the redistribution 
of seepage water in such a way 
as to 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 
The  primary regeneration 
method  should  be clearcutting. 
The success of both subsequent 
regeneration  and early 
silvicultural practices should be 
strictly controlled in order to 
maintain or enhance the 
productivity of these 
ecosystems. The cutting 
sequence of the overall area 
should be against the direction 
of the prevailing winds. Tractor 
logging methods  are  sometimes 
acceptable on coarse-textured, 
sandy soils but  should be 
avoided  on moist loamy  soils as 
their application usually causes 
soil compaction. Soil 
compaction reduces soil 
porosity.  High porosity is 
considered to be the most 
important physical soil property 
related to the  optimum root 
growth  and  the availability 
of moisture  and  nutrients for 
plant  growth.  Compaction can 
cause  a decrease in the rooting 
depth  as well as  a decrease in 
productivity and  a greater 
susceptibility to windthrow 

(e.g. Hatchell & Ralston 1971; 
Dickerson 1976; Sands & Bowen 
1978). 

Slash Disposal 

Slashburning may be applied, 
preferably in  the spring, and 
may  help  in preparing the site 
for planting. It  will  also help 
delay the regeneration of 
deciduous trees and shrubs, 
providing  a necessary 
advantage for the successful 
establishment of coniferous 
seedlings. Site preparation 
practices such as scarification 
are  not necessary and removal 
of stumps may  enhance soil 
compaction. Cultivation may 
counteract  the results of 
compaction  on  the  upper soil 
horizons  but the bulk of the 
soils may remain compacted for 
a  number of seasons. 

Tree Species to  be  Planted 
Analysis of the data from this 
study  and synecological studies 
quoted earlier, strongly 
suggests  that Douglas-fir, 
grand fir (in a limited  area of the 
CWHa Subzone)  andwestern 
redcedar  are  the  most suitable 
trees for these ecosystems. 
Specifically  for the Tiarella - 
Polystichum - I'M - AG & TI' 
Association a mixture of 
Douglas-fir (50%), grand fir 
(40%) and  western redcedar 
(10 YO) is  proposed as the 
optimum tree species 
composition. Since data are 
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 
recommendation, based on the 
autecology and synecology of 
the species and limited growth 
and yield information, is  simply 
an approximation. This 
recommendation  assumes the 
objective is to provide 
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maximum volume production, 
and can be varied for each 
individual site. 

All three species have 
comparable climatic and 
edaphic  requirements  and grow 
together naturally in the Tiarella 
- Polystichum - I'M - AG & TI' 
Association, i.e. their most 
productive  growth is in the 
CWHa Subzone  on subhygric to 
hygric and eutrophic habitats. 
Douglas-fir is distinctly 
shade-intolerant,  grand fir 
moderately  shade-tolerant  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.  McMullan,  B.C.  Forest 
Products  Ltd.,  pers.  comm.) 
and British  yield tables 
(Hamilton & Christie 1971),  it  is 
suggested  that  an increase in 
yield is possible by  mixing 
Douglas-fir and  grand fir. Both 
species  have comparable 
growth rates. Western redcedar 
can  assist in the self pruning of 
the  other two species and may 
itself also  provide usable wood 
from the ecosystem at  the end 
of the Douglas-fir/grand fir 
rotation  period. 

These species represent  a 
compatible mixture 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 codominant 
tree and western redcedar a 
codominant or suppressed tree. 
Not  only is this mixture of 
species likely to be the optimum 
from  the wood production 
viewpoint, but, by maintaining 
the diversity of natural  stands, 
it is also likely  to  be the 
optimum from the wildlife 
viewpoint. The mixture of 
species is also likely to assist the 
maintenance of a diverse and 

healthy community of 
decomposer organisms, 
necessary to  keep soil  fertility 
high.  As  a final benefit, the 
mixture of species is  likely  to  be 
aesthetically more pleasing than 
a single-species situation. 

Planting 

Due  to  the  high brush hazard it 
is  essential  that regeneration by 
planting  should immediately 
follow harvesting or site 
preparation. To overcome 
potential  suppression by brush, 
well developed, bareroot or 
PSB 415 stock (1+2 or 2+1) 
should be used. In some cases, 
herbicide application may be 
necessary  to counter the 
vigorous  growth of brush. It  is 
preferable  to have an individual 
mix of species rather than a mix 
of groups. 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 of Douglas-fir, grand 
fir, and western redcedar 
should be established on these 
sites  to  provide an opportunity 
for the achievement of 
maximum volume production. 
This  number,  representing 
approximately 3 m x 3 m 
spacing, agrees with the work 
of Reukema (1979) in which the 
total volume production of 
Douglas-fir in Washington was 
found to be greatest at this 
spacing.  When only a relatively 
small number of trees per 
hectare  are  planted  the increase 
in volume 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 (McArdle et ' 

al. 1961). 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. In 
comparing extreme differences 
in  stand density we would 
expect a  dense  stand to be  taller 
than  an  open grown stand of 
the same age on  these sites. 
This is in agreement with Drew 
and Flewelling (1979) who 
suggested  that  dense  stands are 
taller than  open  grown  stands 
of the same  mean  dbh because 
the  dense  stand requires more 
time to reach this diameter. Or, 
stands with  the same dbh will 
have different heights, 
depending  on density. 

Thinning 

Early and frequent control of 
stand density and tree species 
composition is beneficial in 
achieving not only maximum 
wood  production  but also in 
limiting the possibility of crop 
destruction by windthrow. 

An  absence of thinning in 
stands of the Tiarella - TP 
Alliance is predicted to result in 
lower total volume 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 relatively small 
diameters. An absence of 
thinning may also effectively 
delay  the final harvest. 

Due  to  the lack of local growth 
and yield data for managed 
stands  and because no single 
thinning regime will be optimal 
in  every  situation, we have 
limited ourselves to general 
statements. According to 
Hamilton and Christie (1971), 
the following three factors 
constitute  a  thinning regime: 
intensity of thinning,  thinning 
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cycle and type of thinning. This 
offers silviculturalists some 
latitude to choose from a variety 
of thinning regimes rather than 
any single regime. 

The maximum intensity of 
thinning  that  can be maintained 

' without loss of volume 
production is termed the 
marginal  thinning  density. The 
advantages of adopting the 
marginal  thinning density are, 
under normal circumstances, 
the  attainment of 1) maximum 
volume production, 2) 
maximum growth increment on 
the  main  crop, and 3) near 
maximum productivity. Yield 
tables indicate the total volume 
production is unaffected over a 
wide  range of thinning 
intensities. Consequently, 
application of a marginal 
thinning  density regime can 
produce considerable benefits. 

Drew and Flewelling (1979) 
recently developed  a simple 
density  management diagram 
for Douglas-fir which is 
potentially valuable for 
assisting in the prescription of a 
thinning regime. The density 
management diagram, a 
graphical tool relating stand 
density, tree size and stand 
yield, is a  graph of mean tree 
volume against stand density, 
with  the following relationships 
superimposed: maximum 
size-density, imminent 
competition mortality, crown 
closure, estimates of diameter 
and height and a relative 
density index for Douglas-fir. A 
relative density index (RDI) was 
defined  as the ratio of actual 
stand density to the maximum 
stand density attainable in a 
stand of the  same mean tree 
volume. Based on several 
assuhptions, they put forward 
a  quantitative concept of 
growth  as  a function of density, 
and proposed four tenets, used 
in conjunction with their 
density  management diagram, 
as a basis for thinning 
prescriptions. These tenets are: 

1) Stands growing below the 
crown closure line (RDI = 
0.15) are  not fully utilizing 
the site, and density could  be 
increased  without decreasing 
mean tree growth. 

2) Maximum tree size can be 
obtained by managing stands 
near  or below the crown 
closure line (RDI = 0.15). 

3)  Stands managed near the 
lower  bound of the zone of 
imminent competition- 
mortality down to a relative 
density of 0.40 will have a 
somewhat greater total stand 
growth  but considerably 
smaller individual tree sizes 
than  stands managed at 
lesser densities. 

4) Stands should not be  allowed 
to enter  the  zone of imminent 
competition-mortality (RDI = 
0.55) until several years 
before the final harvest in 
order to avoid a severe 
reduction in  vigor and 
potential  damage to the crop 
trees. 

As a result,  a  thinning regme, 
applicable to even-aged  stands 
of Douglas-fir, can  be designed 
if knowledge of the 
management objectives, the 
number of trees per hectare, 
and mean tree volume (m3)  is 
available. 

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  be as high  as 731 m3/ha 
(Hamilton & Christie 1971) or 
even  higher.  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 
close proximity of these sites 
(valley-bottom) to mills 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  coastal 
Washington indicated that high 
site  stands generally have a 
lower priority for fertilization 
than lower site stands of the 
same  age  (Anon. 1979). 

It appears that experimental 
data are not available for 
fertilizer trials on these sites. 
However,  such  data  are 
available for a similar site in the 
CDFb Subzone  where Douglas- 
fir productivity is only slightly 
lower  than in the sites of the 
present  study. In the Sayward 
Provincial Forest, Vancouver 
Island, fertilizer trials have been 
conducted  on  a variety of soil 
types. There, the Memekay  soil 
is similar to  the soils of the most 
productive Douglas-fir sites of 
the  present  study,  whereas the 
Gosling,  Hart,  Quinsam,  and 
Senton soils of the Sayward 
Forest, all represent lower 
productivity sites (Keser 1969) 
(Table 11). These fertilizer  trials 
indicated  that, after five years, 
response of Douglas-fir was 
greatest  on  the Memekay soil 
for small nitrogen applications 
(100-200 kg N as  urea/ha) but 
least on the Memekay soil  for 
large applications (300-450 kg N 
as  urea/ha).  Theaddition of 
other nutrients,  such  as S, Mg, 
K and P generally increased 
growth  on all  soil types except 
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the Memekay where growth 
decreases  were observed 
(Anon. 1976). 

Studies in coastal Washington 
have  shown that  the percent 
growth response of Douglas-fir 
to N fertilizer is usually least on 
the  high  sites (Gessel & 
Atkinson 1979). Another  study 
in western Washington (Turner 
et al.  1979) has  shown  that 
Douglas-fir growing in soils 
derived from glacial parent 
material will usually respond to 
nitrogen fertilizers if the soil 
total N  content is less than 8000 
kg/ha,  as it is in the soils of  the 
Tiarella - Polystichum - I'M - 
AG & TP Association. The 
above  results  suggest that, until 
further  data become available, 
fertilization of the most 
productive Douglas-fir sites 
should be restricted to nitrogen 
only, and relatively small 
applications (less than 200 kg 
N/ha). A single fertilization 
could be carried out following 
spacing. 

Rotation Age 

Using the criterion of maximum 
profit, the optimum felling age 
usually occurs shortly before 
the age of maximum mean 
annual increment,  i.e. usually 
about 50 years. Thus, a normal 
rotation  age for these highly 
productive  stands could be as 
low as 50 years but  not more 
than 80 years. Considering the 
mixture of shade-tolerant  and 
intolerant trees, 200 - 250 
stemdhectare at 80 years may 
represent  the final target for 
thinning control. 

Growth and Yield 
In an effort to present some 
information  about  growth and 
yield of Douglas-fir stands in 
the  studied ecosystems we have 
listed selected characteristics 
from three normal yield tables. 
German  (Hennig 1951),  British 
(Hamilton & Christie 1971) and 
North American-Pacific 

Northwest (McArdle et al. 1961) 
tables  were  used for this 
purpose (Table 15). Different 
methods used in the 
preparation of these yield  tables 
prevented  a detailed 
comparison.  A class  in the yield 
tables, describing the growth of 
Douglas-fir on the most 
productive  sites in a particular 
geographic area, gives values of 
number of stems  per hectare, 
height,  diameter, basal area, 
and volume according to age. In 
order  to  assess  the productivity 
and growth of the sampled 
late-immature, mixed 
coniferous  stands, a 
comparison  was  made using 
our  mean values for the above 
parameters. 

The number of trees at age 60 
varies  with  the  adopted 
thinning regime. The low 
intensity  thinning used for the 
German tables resulted in a 
greater  number of trees than 
natural  (unmanaged)  stands in 
Pacific Northwestern U.S.A. 
The value of 344 trees per 
hectare in the British  tables 
which adopted  the marginal 
thinning  intensity, is  in strong 
contrast to our mean value of 
469 trees  per hectare for 70 year 
old stands (which included all 
living trees of dbh >, 7 cm). This 
high  density of trees found in 
our  study partly reflects the 
presence of subordinate 
shade-tolerant  grand fir and 
western  redcedar. 

Despite differences in the 
criteria used for describing 
height  growth, a comparison 
shows  that maximum height 
growth occurs in the North 
American west coast. Our value 
of 50.5 m for the  mean height of 
dominant trees in a 70-year-old 
stand is close to the value of 
51.8 m given for the most 
productive  natural Douglas-fir 
stands (SI 61 m/100 years) in 
Washington and Oregon. The 
lower  height values for the most 
productive  stands used in other 

tables  suggest  a poorer growth 
environment for Douglas-fir in 
those  areas. It should be noted 
that  dominant  grand fir trees in 
west coast second growth 
stands  appear to be equal in 
performance, in terms of 
heights  and diameters, to 
dominant Douglas-fir trees. At 
70 years of age  the heights are 
52.6 and 51.5 rn with diameters 
of  75 and 76  cm for grand fir and 
Douglas-fir, respectively, on 
our plots. 

A  comparison of diameters 
reveals  the beneficial influence 
of thinning on diameter 
growth,  shown so convincingly 
in the British tables. The mean 
diameters of unthinned or 
lightly thinned  stands, 
including  our  mean diameter of 
40.2  cm for our immature 
conifer stands  are significantly 
lower  than  the mean diameters 
of the  more heavily thinned 
British stands. 

The  values for basal area and 
volume of the main crop in the 
German  and British  yield  tables 
are generally similar. In 
contrast,  the tables for natural 
stands in the Pacific Northwest 
give significantly higher values 
(57.0 m2/ha basal area and 875 
m3/ha volume at age 60) with 
relatively high stocking and 
intermediate diameter levels. 
This is another indication of the 
high  growth potential of 
Douglas-fir in the  west coast 
region. 

The  mean basal area of 70.9 
m2/ha found in our 70-year-old 
stands is substantially greater 
than  the value for natural 
stands in Washington and 
Oregon  and is evidently related 
to a high number of 
participating trees. Based on 
heights and basal areas, we 
would expect the volume of our 
late-immature, coniferous 
stands to be higher than the 
value of 1015 m3/ha given  for 70 
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Table 15. Comparison of yield  tables for Douglas-fir. 

Number of trees/ha  Height (m) Diameter (an) 
Age German U.S. British  German U.S. British  German U.S. British 

10 3099 7.8 9.7 

15 1435 12.5 12.8 

20 1409 711 15.9 17.1 14.4 18.1 

25  2013  490 14.5 21.3 13.5 25.3 

30  1304  864  354 17.8 28.1 25.0 17.1 22.9  32.5 

35 957  277 20.7 28.2  20.8 39.0 

40  756  592  229 23.5 36.6 30.8 24.6  31.0  44.9 

45  619 193  26.0 32.9 28.2 50.2 

50 520 434 172 28.0  42.4 34.7 31.8 38.9 55.1 

55 450  156 29.8  36.2  35.0  59.4 

60 400 341 144  31.5 47.6  37.6 38.0 46.2  63.4 
~ 

65 134 38.7 67.0 

70 279  126 51.8 39.7 53.1 70.4 

75  120  40.5 73.3 

80 239 114  55.2 41.2  59.2 75.7 

90 207 58.6 65.0 

100 185 61.0 70.1 

Basal  area  (m2/ha) Volume (m3/ha) 
Aee German U.S. British  German U.S. British 

10 23.1 46 

15 18.5 93 

20 23.2  19.8 228 149 

25 28.7 24.6 182  225 

30  29.8  35.4 29.3 237  332  309 

35 32.5 33.2  303  388 

40  35.9 44.8 36.2  373  525  456 

45 38.8 38.2 438  514 
~ 

50 
~- 

41.4 51.5 40.9 500 

55 43.5  43.3 559 633 

60 45.0 57.0  45.5  612 875  688 

65 47.3 736 

70  61.6  49.0  1015  778 

75 50.7 
~ 

817 

80 65.5 51.5 1145  845 

90  68.8  1252 

100 71.8 1340 
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Table 15. (Continued 2) 

Explanations: 

1. German / yield class I corresponding  to a SI of 28 m/50 yrs. (Hennig 1951). 
2. U.S. Pacific Northwest / site class I, the  median  value  corresponding  to SI 42 m/50 yrs. and 61 m/100 yrs. (McArdle et a / .  
1961). 
3 .  British / yield  class 24 corresponding  to  a SI of  35 mi50 yrs.  using  top  height  (Hamilton & Christie  1971). 

Number of trees per  hectare (NT/ha) 

German  NT/ha refers to all living trees  (dbh >, 7 cm overbark) remaining after thinning. 
U.S. NT/ha refers to all living trees  (dbh >3.8  cm  overbark,  excluding trees in shrub layers)  in  selected natural stands. 

Such  stands  are considered  to  have normal or full  stocking,  which  is  not the theoretical  maximum  stocking. 
British As for the  German  tables. 

Height (m) 

German  Height refers  to  the  average total height of all  living trees  (dbh 7 cm overbark) remaining  after  thinning. 

British Height refers to  the  top  height  defined  as  the average total height of  {he 100 largest trees  per  hectare  (dbh). Mean 
U.S. Height refers to  the  average total height of dominant  and  codominant trees  in natural  stands. 

stand height will  be  less than  top  height by amounts which  will  vary fmm 1 m in  low thinned  crops to 2 m for 
crown  thinned  and lightly thinned  crops. 

Diameter (dbh 1.3 m) 

German Diameter  refers  to  the  mean  dbh (the diameter  equivalent  to  the mean  basal  area) of all  living trees (dbh >, 7 cm 
overbark)  remaining after thinning. 

U.S. Diameter  refers  to  the  quadratic  mean  dbh (by  basal area) of all living trees  (dbh 2 3 . 8  cm) in natural  stands. 
British As for the  German tables. 

Basal  area per hectare (BA m2/ha) 

German BA refers  to  the sum of the overbark  cross  sectional  area of all  living  trees (dbh 2 7  cm)  remaining after thinning. 

British As for the  German tables. 

Volume per hectare (V m3/ha) 

German V refers to the  overbark volume of all  living trees (dbh >, 7 cm) to  the conventional 7 cm top  diameter limit,' for 

U.S. BA refers  to  the  sum of the overbark  cross  sectional  area of all  living trees  (dbh 2 3 . 8  cm) in natural stands. 

volume  remaining after thinning. 

stocked stands  where no accidents  have  interfered  with  growth. 
U.S. V refers to the  volume of all living  trees, including stump  and top  but excluding  bark and limbs, of normal or 

British As for the  German tables. 

years and site index of 61  m/100 
years in the Pacific Northwest 
stands. 

A  cruise carried out near 
Mesachie Lake in the 65 
year-old  stand in which our 
sample plot no. 016 was 
located,  determined  a mean 
gross volume (close utilization 
 standard^)^ of 1295 m3/ha for 
the main  crop. However, some 
of the cruise plots  showed  a 
gross volume as high as 1378 
&/ha for the main crop. 

A comparison of growth  and 
yield characteristics for  well 
stocked, old growth Douglas-fir 
stands is difficult, as these 
stands  are usually outside the 
range of values found in  yield 
tables. 

It can be concluded that  the 
German yield tables for 
Douglas-fir not only describe a 
model of growth and yield  for a 
stand  under a very low 
intensity  thinning regime but 
also reflect a less favourable 
environment for the growth of 

Douglas-fir than can  be found 
in coastal B.C. The British  yield 
tables  represent  a marginal 
thinning intensity regime, with 
maximum volume production 
as  one of the management 
objectives. These tables also 
reflect a less favourable 
environment for the growth of 
Douglas-fir when compared to 
the tables for the Pacific 
Northwest  and  our B.C. data. 
The Pacific Northwest tables 
(McArdle 1961) agree with our 
data reasonably well. 
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Summa y 
Ten ecosystems supporting the 
most  productive  growth of 
Douglas-fir in southwestern 
British Columbia were 
identified. It is suggested  that 
these ecosystems also support 
the most productive growth of 
grand fir and western redcedar 
in the  same region. The 
productivity of Douglas-fir on 
these  sites  appears to be quite 
high  by  European  standards  but 
comparable to, although 
probably slightly lower than, 
the productivity on  the most 
productive sites in  coastal 
Washington. 

All the ecosystems were located 
in the Drier  Maritime Subzone 
of the Coastal Western Hemlock 
Biogeoclimatic Zone. Analysis 
of the vegetation on  the sites 
showed that,  although the 
ecosystems covered a range of 
successional states with 
consequent differences in 
floristic composition, they all 
belonged to the Tiarella 
(trifoliata) - Polystichum 

(munitum) - Pseudotsuga 
(menziesii) - Abies (grandis) 
& Thuja (plicata) 
Biogeocoenotic Association. 
Floristically these highly 
productive ecosystems can  be 
recognized by the presence of 
32 characteristic plant species, 
including 5 shrubs, 23 herbs 
and 4 mosses, the  abundance of 
herbs being indicative of the 
generally herbaceous 
understories in the ecosystems. 

The  ecosystems  had moderately 
deep to deep, loamy, very 
porous (low bulk density) soils 
with  dark  brown Ah horizons. 
The soils were classified as 
Humo-Ferric Podzols or 
Cumulic Regosols with 
Vermimulls. The soils generally 
had a high  nutrient  status, 
particularly nitrogen and 
calcium. They were 
characterized by high nutrient 
concentrations, cation exchange 
capacities, base saturations  and 
low C/N ratios although  other 
soils elsewhere in southwestern 

B.C. occasionally had higher 
values  or lower C/N ratios. 
Mineralizable N concentrations 
also  appeared to be high 
although limited data were 
available for comparison. 
Micronutrient (Fe, AI, Mn, Cu, 
Zn, B) concentrations were 
given  but due to the scarcity of 
data  and the use of different 
analytical methods by different 
workers, few comparisons were 
possible. 

Silvicultural recommendations 
for the  management of such 
sites  were given. The 
recommendations covered 
cutting  methods, slash 
disposal, species to be 
replanted,  planting, thinning, 
fertilization, and rotation 
length.  The importance of 
lateral seepage water to some of 
these  sites  was  mentioned  and 
careful road construction to 
minimize alteration of seepage 
water flows, was  emphasized. 
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Appendices 

Appendix I 

Climatic  Characteristics of the  Drier Maritime Coastal 
Western Hemlock (CWHa) Biogeoclimatic Subzonel 

Climatic characteristic  Value 

Number of climatic data  sets 20 

Climate  (KoppedTrewartha) drier Cfb 

Mean  annual precipitation  (mm) 1868 
(26832 

Mean  precipitation of the  driest  month (mm) 46 
(10.8) 

Mean  annual  temperature (“C) 9.4 
(0.76) 

5.4 
(0.51) 

Number of months with  mean  temperature  over 10°C 
_. 

Frost-free  period (days  over PC) 211 
(19.3) 

Number of months with  snow 1.4 
(1.04) 

Source is Klinka,  Nuszdorfer  and  Skoda (1980). 

Numbers in parentheses  are  standard  deviations. 

Appendix II 

Abies arrrabilis (Doug. ex Loud.)  Forbes 
Abies  grandis (Doug. ex D. Don)  Lindl. 
Acer  circinatum Pursh 
Acer  rnacrophyllum Pursh 
Achlys  triphylla (Sm.) DC. 
Actaea rubra (Ait.)  Willd. 
Ademcaulon bicolor Hook. 
Adiantum  pedatum L. 
Agrosfis aequizdzk (Trin.)  Trin. 
Alnus rubra Bong. 
A~nelanchier alnifolia (Nutt.)  Nutt. 
Anaphalis rnargaritacea (L.) Benth. &Hook. 
Antitrichia  curtipendula (Hedw.) Brid. 
Asarum  caudatum Lindl. 
Athyrium  f i l ix-fmina (L.) Roth 
Aulacornnium  androgynum (Hedw.) Schwaeger 

Bartrarnia pomiformis Hedw. 
Boykinia da ta  (PJutt.) Greene 
Brachytheciurn  frigidurn (C. Muell.) Besch 
Bromus  uulgaris (Hook.)  Shear 

Carex drzcvyana Schwein. 
Carex  hendersonii Bailley 
Carex spp .  
Cerastiurn anlense L. 

List of Plant Species 
Cinna latifolia (Trev.  ex. Gopp.) Griseb.  in  Ledeb 
Circaea pacifica Ascherson & Magnus 
Clintonia uniflora (Shult.)  Kunth 

Dicentra  formosa (Haw.) Walp. 
Dicranum fuscescens Turn. 
Disporum  hookeri (Torr.)  Nicholson 
Dryopteris austviaca (Jacq.  ex. Scheinz & Thell.)  Woynar 

Elytnus glaucus Buckl. 
Epilobium  angustifolium  L. 
Equisetum arvense L. 

Festuca subulata Trin.  in Bong. 
Fragaria vesca L. 

Galium  triflorum Michx. 
Geranium robertianum L. 
Geum macrophyllum Willd. 
Goodyera oblongifoh Raf. 
Gymnocarpium  dryopteris (L.) Newm. 

Holodiscus discolor (Pursh.) Maxim. 
Hylocorniurn splendens (Hedw.) B.S.C. 
Hypnurrl circinale Hook. 

40 



Appendix II (Continued 2) 

lsopterygium elegans (Brid.) Lindb. 
Zsothecium  stoloniferum (Hook.) Brid 

Leucolepis menziesii (Hook.)  Steere 
Listera caurina Piper 
Listera cordata (L.)  R.  Br.  in  Ait. 
Lobaria oregana (Tuck.) Mull. Arg. 
Luzula pamiflora (Ehrh.)  Desv. 

Mahonia nemosa (Pursh)  Nutt. 
Maianthemum  dilatatum (How.)  Nels. & MacBr 
Melicq  subulatu (Griseb.) Scribn. 
Monotropa  uniflora  L. 
Montia sibirica (L.) Howell 
Mycelis  muralis (L.)  Dumort. 

Neckera douglasii Hook. 

Oplopanax  horridus (Srn . )  Miq. 
Orthotrichum speciosum Nees. 
Osmorhiza chilensis Hook. & Am 

Physocarpus capitatus (Pursh) Ktze. 
Picea sitchensis (Bong.) Carr. 
Plagiochila asplenioides ( L . )  Dumort. 
Plagiomnium insigne Mitt. 
Plagiothecium undulatum (Hedw.) B.S.G. 
Poa marcida Hitchc. 
Pogonatum macounii (Kindb.) Kindb. & Mac. 
Polypodium glycyrrhiza D.C. Eat. 
Polystichum nzunitum (Kaulf.)  Pres1 
Polytrichum  juniperinum Hedw. 
Populus trichocarpa Torr. & Gray ex Hook. 
Porella  cordaeana (Hub.) Evans 
Porella navicularis (Lehm. & Lindenb.)  Lindenb. 
Prenanthes data (Hook.)  D. Dietr. 
Prunella vulgaris L. 
Prunus emarginata (Dougl. ex Hook.) Walp. 
Pseudotsuga menziesii (Mirb.)  Franco 
Pteridium aquilinum (L.) Kuhn in Decken 

Ranunculus repens L. 
Ranunculus  uncinatus D. Don. in G. Don. 
Rhamnus  purshiana DC. 

Rhizomnium glabrescens (Kindb.) Koponen 
Rhytidiadelphus loreus (Hedw.)  Warnst. 
Rhytidiadelphus  triquetrus (Hedw.)  Warnst 
Ribes lacustre (Pers.) Poir. 
Rosa gymnocarpa Nutt. in Torr. & Gray 
Rubus  pawiflorus Nutt. 
Rubus spectabilis Pursh 
Rubus  ursinus Cham. & Schlecht. 

Sambucus racernosa L. 
Scapania americana K. Mull. 
Scapania bolanderi Aust. 
Smilacina stellata ( L . )  Desf. 
Sphneroplzorus globosus (Huds.) Vain 
Stachys  cookyae Heller 
Stellaria crisea Cham. & Schlecht. 
Stokesiella oregana (Sull.) Robins. 
Stokesiella prnelonga (Hedw.) Robins. 
Streptopus amplexifolius (L.) DC. 
Streptopus roseus Michx. 
Streptopus  streptopides (Ledeb.) Frye & Rigg 
Sytnphoricarpos albus (L.) Blake 

Taxus brmifolia Nutt. 
Tetraphis pellucida Hedw. 
Thalictrurn occidentale Gray 
Thujaplicata Don.  ex. D. Don.  in  Lamb. 
Tiarella laciniata Hook. 
Tiarella trifoliata L. 
Timmia austriaca Hedw. 
Tolmiea menziesii (Pursh) Torr. & Gray 
Trautvetteria caroliniensis (Walt.) Vail 
Trientalis latifolia Hook. 
Trillium ovatum Pursh 
Trisetunz cernuum Trin. 
Tsuga heterophylla (Raf.) Sarg. 

Urtica dioica L. 

Vaccinium  pamifolium Sm. in Rees 
Veratrum  uiride Ait. 
Viola glabella Nutt. in Torr. & Gray 
Viola sempewirens Greene 
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Appendix III 

Growth Classes and Site Indicesfor Coastal Douglas-firz 

Site  index 
Growth class dl00 years  ft/100  years 

1 > 57  >187 
~~ 

54 
61 - 57 

~~ 

178 
168 - 187 

~ 

3 48 
45 - 51 

158 
148 - 167 

4 42 
39 - 45 

138 
128 - 148 

5 36 
33 - 39 

118 
108 - 128 

6 30 
27 - 33 

98 
88 - 108 

24 
21 - 27 

78 
69-88 

18 
15 - 21 

59 
50- 69 

9 < 15 <50 
Based on modified  growth  classes  (Krajina 1969).  For each growth class  the  average site index and range of site indexes  are  given. 

Appendix IV 

Description of Pedons 

Plot No.: BSF001  Biogeoclimatic  Subzone: CWHa 

Locality:  Vedder  Mountain, Lower Fraser Valley 

Soil  Taxonomic  Unit:  Coarse-Loamy  Orthic  Humo-Femc  Podzol,  Sombric  Phase  with  Vermimull on a  Morainal  Blanket 

Horizon  Depth Description 

L 1-0 fresh  deciduous litter (red alder) and twies 
Ahu  0-9  very  dusky  red  (2.5 YR 2.5/2m) to dark  reddish  brown (5 YR 3/3m); silt loam;  moderate,  fine,  subangular 

Bf 9-72 yellowish  red (5 YR 4/6m); silt loam; weak  fine  to  medium,  subangular blocky; very friable; plentiful fine, 

blocky; very friable; abundant, fine and medium  roots;  abundant charcoal; abrupt,  smooth  boundary. 

abundant  medium  and plentiful  coarse roots;  occasional  charcoal; 5% coarse  fragments; clear, wavy 
boundary. 

Bm 72-87 yellowish  red  (5 YR 5/6m); silt loam; weak,  medium  subangular blocky;  friable;  very  few, fine  roots; 
~ ~~ 

30% coarse  fragments; clear, wavy  boundary. 

Bfgi 87-100 yellowish  brown (10 YR 5/4m); common,  medium, distinct, dark  yellowish  brown (10 YR 4/4m)  mottles; silt 
loam; amorphous; friable; very  few, fine roots; 55% coarse fragments; clear, smooth  boundary. 

I1 Cgj 100-120 grayish  brown (10 YR 5/2m);  common,  medium,  prominent,  reddish  brown (5 YR 4/4m)  mottles; silt  loam; 
~ ~ ~~ 

amorphous; firm; 50%  coarse  fragments. 
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Appendix IV (Continued 2) 

Plot  No.: BSF 002 Biogeoclimatic  Subzone: CWHa 

Locality:  Vedder  Mountain,  Lower  Fraser  Valley 

Soil  Taxonomic  Unit:  Coarse-Loamy  Orthic  Humo-Femc  Podzol,  Sombric  Phase  with  Vermimull on a  Morainal  Blanket 
~~ ~ 

Horizon  Depth Description 

L I O  mainly deaduous  and coniferous litter with  twigs,  underlain  by  a  very  thin H horizon;  loose,  very  porous; 
few, fine roots; abrupt,  smooth boundary. 

~ 

Ah 0-2 dark  reddish  brown (5 YR 3/2m); silt loam; moderate,  medium,  granular; very  friable; abundant fine, and 
plentiful  medium  roots; 5% coarse  fragments;  abrupt,  smooth  boundary. 

Bf 1 2-20 reddish  brown (5 YR 413m); silt loam; weak,  medium  subangular blocky; very friable; plentiful fine, 
- ~~ " 

abundant,  medium  and coarse roots; 10% coarse  fragements; clear, wavy  boundary. 

Bf2 20-38 dark  reddish  brown (5 YR 3/3m); silt  loam; moderate,  coarse,  subangular blocky;  friable; few, fine 

Bm 38-64 dark yellowish brown (10 YR 4/4m); silt loam; moderate,  medium,  subangular blocky;  friable; few,  fine 

and  medium roots; 10% coarse  fragments; clear, wavy  boundary. 

and medium roots;  30%  coarse  fragments;  some  decaying  wood and charcoal at 50 cm; clear, 
wavy  boundary. 

~ 

I1 Cgj 64-92+ gray (10 YR 5/lrn);  common,  medium,  prominent  reddish  brown (5 YR 5/4m)  mottles; silt loam; 
~ ~ ~ ~~~~ 

amorphous; firm; few, fine and medium roots; 30% coarse  fragments. 

Plot  No.: BSF 003 Biogeoclimatic  Subzone:  CWHa 

Locality: Nimpkish River  Island  (Kiyu  Creek),  Vancouver  Island 

Soil  Taxonomic  Unit:  Coarse-Loamy  Cumulic  Regosol  with  Vermimull on an  Alluvial  Terrace 
Horizon  Depth Description 

L 1-0 fresh Coniferous litter and twigs. 
~ ~~~ ~~ ~ ~ ~~~~~~ 

Ahj 0-7  very  dark  grayish  brown (10 YR 3/2m); silt  loam; weak, fine, granular; very  friable; plentiful fine, and few 
medium  roots;  gradual,  smooth  boundary. 

C 7-32 dark yellowish  brown (10 YR 3/4m); silt loam; weak,  medium,  subangular blocky;  friable; plentiful 
medium,  and few fine, roots;  abrupt,  smooth  boundary. 

~~~~~ ~ ~ 

I1 Ahb 32-35  black (10 Y R  2/lm); silt loam; weak, fine, granular; friable; few, fine and  medium roots; abrupt, 
~~ ~ ~ 

discontinuous  boundary. 

I1 Cb 35-56 dark grayish  brown (10 YR 4/2m); sandy;  single  grained;  very friable; few, fine, medium and coarse roots; 
5% coarse  fragments; clear, smooth  boundary. 

111 Cb 56-73+  dark  yellowish  brown (10 YR 4/4m); loamy sand;  single  grained; friable;  few fine, medium and coarse roots; 
abrupt,  smooth  boundary to gravelly  sand  horizon - IVCb 

Plot No.: BSF 004 Biogeoclimatic  Subzone: CWHa 

Locality: Nimpkish River  Island  (Kiyu  Creek),  Vancouver  Island 

Soil  Taxonomic  Unit:  Sandy  Cumulic  Regosol  (with  Vermimull) on an  Alluvial  Terrace 

Horizon  Depth Description 

C 0-29 gray (2.5 Mi 5/0m); sandy;  single  grained;  very  friable  to loose; 25% coarse  fragments; abrupt, 
smooth  boundary. 

I1 Ahb 29-42 dark  yellowish  brown (10 YR 4/4m);  sandy loam; weak, fine, granular; friable;  few,  fine and medium  roots; 
5% coarse  fragments; clear, wavy  boundary. 

I1 Cb &r 42-57 dark  yellowish brown'(l0 YR 4/4m); sandy loam; weak, fine, subangular blocky;  friable;  few,  fine, medium 
111 Ahb andcoarse roots; 5% coarse  fragments  with 2 ern layer of charcoal and plentiful  decaying  wood; clear, 

wavy  boundary 
~~~ ~~ ~~ 

I11 Cb 57-1OX+ dark  grayish  brown (10 YR 4/2m); sandy;  single  grained; very  friable  to  loose;  few medium  roots; 
10% coarse  fragments. 
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Appendix IV (Continued 3 )  

Plot No.: BSF  013 Biogeoclimatic  Subzone: CWHa 

Locality:  MacMillan  Park,  Vancouver  Island 

Soil  Taxonomic  Unit:  Fine-Loamy  Orthic  Humo-Femc  Podzol,  Sombric  Phase  with  Vermimull on an  Alluvial  Terrace 
~ ~~~ ~ 

Horizon  Depth 
~ 

Description 

L 1-0 a  discontinuous  layer of coniferous litter; few fungi mycelia. 

Ah  0-8  dark  reddish  brown (5 YR 3/2m); loam;  strong, fine  to medium,  granular; friable; plentiful, fine and 
medium  roots;  many  earthworms;  abrupt,  irregular  boundary. 

Bf 1 8-28 dark  reddish  brown (2.5 Mi 3/4m); loam; strong, fine to medium,  granular to  subgranular blocky; very 
friable; abundant, fine and medium roots; abrupt,  wavy  boundary. 

Bf2 28-38 dark  yellowish  brown (10 YR 4/5m); silt  loam; strong,  coarse, blocky;  friable; plentiful, fine, medium and 
roots;  abrupt,  wavy  boundary. 

Bfj l  38-68 dark yellowish  brown (10 YR 4/4m); sandy loam; strong,  coarse, blocky;  friable;  few, fine, medium and 
coarse  roots;  abrupt,  wavy  boundary. 

Bf3  68-88 reddish  brown  (5 YR 414m); silt  loam; strong,  coarse, blocky;  friable; few, fine roots;  abrupt,  wavy 
boundary. 

Bfj2 88-110+ yellowish  red (10 YR 4/5m); silt loam; strong,  coarse blocky to massive;  friable (soft); very  few,  fine  roots. 

~ ~~ 

Plot No.: BSF 014 

Locality:  Cameron  River,  Vancouver  Island 
Biogeoclimatic  Subzone: CWHa 

Soil  Taxonomic  Unit:  Loamy-Skeletal  Orthic  Humo-Ferric Podzol, Sombric Phase  with  Vermimull on an Alluvial  Terrace 

Horizon  Depth Description 

L 1-0 a  discontinuous  layer of coniferous and  deciduous litter. 

Ah 0-8  very  dark  brown (10 YR 2/2m);  loamy;  strong; fine to  medium,  granular; very  friable; abundant,  fine  and 
medium and plentiful,  coarse  roots;  many  earthworms;  abrupt,  irregular  boundary. 

Bf 8-23 dark yellowish  brown (10 YR 3/4m); loamy;  moderate,  fine to medium,  subangular blocky; very friable; 
abundant, fine and medium, and few  coarse roots; abundant charcoal  at 20 c m ;  abrupt,  wavy  boundary. 

Bm 23-53 dark  brown (10 YR 3/3m); loamy sand;  weak, fine, granular; very  friable; plentiful, fine and medium  roots; 
a  piece of decaying wood at  30-40  cm; 75% coarse  fragments; very abrupt,  smooth  boundary. 

I1 c 53-65+ loose,  poorly  sorted,  fine  gravel  with few, fine  roots. 

Plot No.: BSF 015 Biogeoclimatic  Subzone: CWHa 

Locality:  Robertson  Valley,  Vancouver  Island 

Soil  Taxonomic  Unit:  Coarse-Loamy  Sombric  Humo-Femc  Podzol  with  Vermimull on an  Alluvial  Terrace 

Horizon  Depth Description 

L 1-0 a  discontinuous  layer of deciduous leaf litter. 

Ah1 0-10 dark  yellowish  brown (10 YR 4/3m); loamy; strong, fine, granular; very  friable; abundant, fine and  medium 
roots: abruot. waw boundarv. 

Ah2 10-26 dark  grayish  brown (10 YR 4/2m); silt loam; moderate,  medium,  subangular blocky; very friable; abundant, 
fine and medium, and plentiful,  coarse roots; abrupt,  wavy  boundary. 

Bf 26-43 red (2.5 YR 5/6m); silt  loam; moderate,  medium,  subangular, blocky;  friable; many,  fine and medium  roots; 
abrupt, wavy  boundary. 

- 

Bm 43-76 dark yellowish  brown (10 YR 6/4m); sandy loam; moderate,  medium to coarse, blocky;  friable; plentiful, 
fine, medium  and coarse roots; abrupt,  wavy  boundary. 

C 76-94+ light  yellowish  brown (10 YR 6/4m); silt loam; moderate, very  coarse to coarse, blocky;  friable; plentiful, 
fine, medium and coarse  roots;  wavy,  gradual  boundary to coarse  sand and gravel (I1 C 94-115  cm +). 
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Appendix IV (Continued 4)  

Plot No.: BSF 016 Biogeoclimatic  Subzone: CWHa 

Locality:  Youbou,  Vancouver  Island 

Soil  Taxonomic  Unit:  Fine-Loamy  Cumulic  Regosol  with  Vermimull on an  Alluvial  Terrace 

Horizon  Depth Description 

L 3-0 a  discontinuous  layer of fresh  herb and coniferous litter. 

Ah 0-8 very  dark  brown (10 YR 212111); loam;  weak  to moderate, fine, granular; very  friable; plentiful fine, 
few, medium  and  coarse  roots;  many  earthworms; clear, irregular  boundary. 

C& 8-50 dark grayish  brown (10 YR 2/2m); loam; strong, fine  to  medium,  granular;  very friable; abundant, fine, 
I1 Ahb's medium and coarse  roots; 15% coarse  fragments;  gradual,  irregular  boundary. 
& I1 Cb's 

111 Ahb & 50-75 dark  reddish  brown (5 YR 3/2m)  to  dark  brown (7.5 YR 3/2m); loam; moderate  to  strong,  coarse,  granular; 
111 Cb friable; plentiful, fine to  medium and coarse  roots;  5%  coarse  fragments;  abundant  charcoal  buried  along 

a thin  red  layer. 

IV& 75-90+ dark  brown (10 YR 3/3m); silt loam;  fine, weak  subangular, blocky;  friable;  few,  fine, medium and coarse 
roots; 80% coarse  fragments. 

Plot No.: BSF 017 Biogeoclimatic  Subzone: CWHa 

Locality:  Mesachie  Lake,  Vancouver  Island 

Soil  Taxonomic  Unit:  Coarse-Loamy  Orthic  Humo-Femc  Podzol,  Sombric  Phase  with  Vermimull on an  Alluvial Fan 
Horizon  Depth Description 

L(F) 2-0 a  layer of coniferous litter with  few myceiia; abundant,  fine  roots. 

~" - ~ 

Ah 0-7 dark  brown (7.5 YR 3/2m); silt  loam; strong, fine  to medium,  granular; friable; abundant,  fine  and  medium, 
and plentiful,  coarse  roots;  abrupt,  irregular  boundary. 

Bf 1 7-15 reddish  brown (5 YR 4/4m); silt loam; moderate;  fine  granular; very friable; abundant fine and  medium  and 
plentiful  coarse roots; abrupt, irregular  boundary 

Bf2  15-45 dark  yellowish  brown (10 YR 3/5m); silt  loam; moderate, fine to medium,  subangular blocky;  very  friable; 
plentiful,  fine and medium, and  abundant, coarse  roots;  gradual,  wavy  boundary. 

Bml 45-100 dark  yellowish  brown (10 Mi 4/6m);  loam; massive,  breaks  into  weak,  very fine, granular;  very friable; 
plentiful,  fine and medium, and medium,  coarse roots; very  abrupt,  wavy  boundary. 

Bm2  100-120 yellowish  red (5 YR 516m); silt loam;  massive,  breaks  into  strong  coarse, blocky;  firm; few,  fine and medium 
roots: abruDt. waw boundarv. 

Bm3 120-13% brownish yellow (10 YR 6/4@: silt loam; massive, breaks into weak, very fine, granular;  firm;  few,  fine and 
medium roots. 

Plot No.: BSF 018 Biogeoclimatic  Subzone: CWHa 

Locality: Tamihi  Creek,  Chilliwack River Valley 

Soil  Taxonomic  Unit:  Coarse-Loamy  Orthic  Humo-Femc  Podzol,  Sombric  and  Gleyed  Phase  with  Mullmoder on a 
Glacial-Fluvial  Terrace 

Horizon  Depth Description 

L(F1 4-0 loose coniferous a-nd herbaceous litter underlain by a  thin and loose partly  decomposed  layer  with  many 
white mycelia; active zoogenous  population. 

Ah  0-1  very  dark  gray (5 YR 3/lm); loam;  strong, fine, granular; very  friable; abundant, fine and medium and few, 
coarse  roots;  abrupt,  smooth  boundary. 

Ae j 1-1.5 reddish brown (5 YR414m); loam; moderate, h e ,  granular; friabie; plentiful, fine, medium and coarse 
roofs; abrupt,  smooth  boundary. 

B f l  1.5-10  yellowish  red (5 YR 4/6m); loam; weak,  medium,  subangular blocky;  friable; plentiful fine, abundant 
medium  and plentiful  coarse  roots; 5% coarse  framnents; clear, waw boundarv. 
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Appendix IV (Contiuued 5) 

Plot No.: BSF 018 Continued 

Horizon  Depth Description 

Bf2 10-19 yellowish  red (5 YR 5/6m); silt loam; moderate, medim,  subangular blocky;  friable;  few, fine and coarse, 
and plentiful,  medium  roots; 10% coarse  fragments; clear, wavy  boundary. 

Bfgi 19-38 yellowish  brown (10 YR 5/4m);  common, fine, distinct, strong  brown (7.5 YR 5/6m)  mottles; silt loam; 
moderate,  medium,  subangular blocky;  friable;  few,  fine and coarse, and plentiful,  medium  roots; 10% 
coarse  fragments; clear, wavy  boundary. 

Bmgj 38-86+ pale  brown (10 YR 6/3m); common,  medium,  prominent,  yellowish red (5 YR 5/6m)  motttes; silt loam; 
massive,  breaks  into  moderate,  medium,  angular blocky;  firm;  few  fine, plentiful,  medium and coarse 
roots;  10%  coarse  fragments;  charcoal at 45 to 50 cm. 

Appendix V 

Chemical Analysis of Pedons 

~~~ ~ ~ ~ 

Exchangeable  cations CEC 
~~~ 

Depth  pH Total  Total  (meq/lOOgm)  (meq/ BS Pyroph-extr.S04-S  P Frac- 
Horizon (an) H z 0  CaC12 C(%)  N(%)  C/N Ca Mg Na K 100 (%I Fe(%) AI(%)  (pprn)  (pprn) tion A 

nm) ( YO 1 
~ ~~~ ~ 

Plot No. BSF 001: Coarse-Loamy  Orthic  Humo-Femc  Podzol,  Sombric  Phase with Vermimull on a Morainal Blanket 

Ahu 0-9  4.6 4.3 5.2 0.30 17.3  8.45 0.77 0.04 0.32 31.1 30.8 1.6 171.4 0.20 

Bf 9-72 4.8  4.3  1.6 0.10  16.0 1.99 0.13 0.03 0.10 14.1 15.9  0.24 0.67  0.2  8.5 

Bm 
~~~ ~~ ~~ 

72-87 4.1 4.8  0.6 0.05 12.0 0.74  0.07 0.04 0.09 14.3  6.6 0.06 0.28 7.1 5.7 

Bfgi 87-100 4.5  4.6 0.8 0.05 16.0 1.37 0.08 0.04 0.07  13.9  11.2 1.7 19.4 
11Cgj 100-120+ 4.6 4.5  0.3 0.02 15.0 0.37 0.06 0.05 0.11  19.6 3.0 0.0 0.0 

Plot No. BSF  002: Coarse-Loamy  Orthic  Humo-Ferric  Podzol,  Sombric  Phase  with  Vermimull on a  Morainal  Blanket 

L 5-0 4.0  3.5 3.0 1.53  17.3 19.09  2.95 0.25 1.04 126.7 18.4 19.8  18.8 1.50 

Bf 1 2-20 4.6 4.3 4.7 0.32 16.0 2.92 0.31 0.04 0.16 22.1 15.5 1.33 1.44 0.2 3.4 

Bf2 20-38 4.6 4.2 4.3 0.24 12.0 1.54 0.13 0.05  0.14  25.2  7.4  0.95 1.63 0.2 2.8 

Bm 38-64 4.7 4.2 0.8 0.16  16.0 0.90 0.08 0.03 0.13  16.0  7.1 0.1 2.5 

11Cgj  64-92+  4.8 4.4  0.9  0.06  15.0 0.78 0.09 0.03 0.10 12.2 8.2 13.8  0.0 

Plot No. BSF 003: Sandy  Cumulic Regosol with Vermimull on an Alluvial  Terrace 

Ahj 0-7 5.6  4.7 7.9  0.42 18.8 12.07 0.83 0.17 0.22 44.5 29.9 5.1 2.8 0.30 

C 7-32  4.9 4.6  4.7 0.06  78.3  6.27 0.31 0.10 0.11 21.1 32.2  0.63 1.16 1.8  2.8 

I ICb 35-56 5.5 4.7 0.3 0.01 30.0 0.46 0.03 0.02 0.06 3.9 14.6 0.1 7.7 

IIICb 56-73+ 5.7 4.5  0.6  0.03  20.0 0.57 0.03 0.03 0.06 7.5  9.2  0.4 9.1 

Plot No. BSF 004: Sandy  Cumulic Regosol on an Alluvial  Terrace 

C 0-29 5.7 4.7 0.1 0.01 10.0 0.55 0.06 0.01 0.09 2.8  25.3 0.2 3.4 0.15 

IIAhb 29-42 4.8 4.5  2.4 0.11 21.8  0.26 0.31 0.04 0.15 11.3  6.7 1.0 8.3 

IIIAhb 42-57 5.7 4.5 1.8 0.09 20.0  2.95 0.22 0.04 0.12 16.2  20.5 0.5  5.7 

IIICb 57-108+ 5.7 4.6 0.3  0.02 15.0 0.70 0.07 0.01 0.10 3.7 23.8 0.0 3.2 
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Appendix V (Continued 2) 

Exchangeable  cations CEC 
Depth pH Total  Total (meq/100gm)  (meql BS Pyroph-extr. S04-S P Frac- 

Horizon (an) H z 0  CaC12 C(%) N(%) CIN Ca Mg Na K 100 (%) Fe(%) AI(%) (ppm)  (ppm) tion A 
gm) ( Y O  1 - 

Plot No. BSF  013: Fine-Loamy  Orthic  Humo-Ferric Podzol, Sombric  Phase with Vermimull on an Alluvial Terrace 

Ah 0-8 4.3 4.6 5.4 0.28  19.3  9.95  2.83 0.09 0.30 39.5 33.3 1.4 11.1 0.15 

Bf 1 8-28 5.1 4.7 1.8 0.10  18.0 4.46  0.86 0.09 0.12 12.1 45.7  0.79  0.71 1.2 27.1 

Bf2 28-38  4.9 4.8 0.8 0.05 16.0 2.93  0.46 0.05 0.14 9.6 37.3 0.33 0.35 0.9 25.7 

Bfjl  38-68 4.5 4.7 0.7 0.04 17.5 1.72 0.63 0.04  0.06 9.3 26.3 0.22 0.34 1.8 14.3 

Bf3 68-88 4.7 4.7  0.8 0.06 13.3 5.53 1.04 0.06 0.15 16.4 41.3  0.41  0.32 0.9 4.3 

BfjZ 88-110+ 5.1 4.9 0.7 0.05 14.0 6.63 1.22 0.07 0.17 11.0 73.5 0.32 0.26 0.9 4.8 

Plot No. BSF 014: Loamy-Skeletal Orthic  Humo-Ferric Podzol, Sombric  Phase with Vermimull on an Alluvial Terrace 

Ah 0-8 5.1 5.0 7.1 0.35 20.3 13.11 2.43 0.08 0.27 27.6  57.6  1.4 6.3 0.15 

Bf 8-23 5.2 4.9 3.3 0.16 20.6 10.02 1.57 0.09 0.13 13.9 82.8 0.48 0.48 0.2 6.3 

Bm 23-53+ 5.6 3.9 1.3 0.07  18.7  4.54 0.64 0.06 0.06 13.1 40.4 0.25 0.23 0.0 10.0 

Plot No. BSF 015: Coarse-Loamy  Sombric Humo-Femc Podzol with Vermimull on an Alluvial Terrace 

Ah1 0-10 5.6 4.3 9.5 0.59 16.1 18.25 3.53 0.16  0.40  48.1 46.4 8.2 8.0 0.20 

Ah2 10-26 5.5 4.3 4.4 0.30 14.7 9.43 1.68 0.16 0.14  41.7  27.4 2.6 5.7 0.10 

Bf 26-43 5.5 4.4 1.7 0.10 17.0 3.74 0.25  0.06 0.11 22.8 18.2 0.30 0.74 0.0  12.8 
-~ ~ ~~ 

Bm 43-76 5.6 4.5 1.2 0.60 20.0  3.02 0.21 0.08 0.06 11.6  29.1 0.3 20.5 

C 76-94+ 5.4 4.7 1.2 0.80 15.0 3.18 0.23 0.09 0.10 8.3 43.4 0.2 17.4 

Plot No. BSF 016: Fine-Loamy  Cumulic  Regosol with Vermimull on an Alluvial Fan 

Ah 0-8 5.5 5.0 13.5 0.56 24.1 57.1 3.21 0.73 0.34 34.3 100.0+ 0.25 

C &  
IIA&C‘b 8-50 4.8 5.2 7.2  0.34  21.2  37.2 1.37 0.09 0.14 33.0 100.0+ 0.9 10.8 

111 
A&Cb’s 50-75 5.4 5.5 7.9  0.29  27.2  46.6 1.94 0.11 0.19  47.3 100.0+ 0.47 0.34 2.4 10.8 

IVCb 75-9U+ 5.5 5.5 2.9 0.13 22.2 24.4 0.87 0.08 0.11 25.4  100.0 1.1 11.4 

Plot No. BSF 017: Coarse-Loamy  Orthic  Wumo-Ferric P&ol, Sombric phase with Vermimull on an Alluvial Fan 
Ah 0-7 4.4 3.9 7.2 0.34 21.1  7.14  1.50 0.18 0.31 34.4 26.5 0.9 54.3 0.25 

Bf 1 7-15 4.5 3.7 1.9 0.13 14.6  0.90 0.21 0.11 0.12 23.9 5.6 0.82 0.86 1.8 42.8 
~~~ ~ 

~ ~~ ~ 

Bf2 15-45 5.5 4.7 1.2 0.07 17.1 0.54 0.08 0.05 0.10 20.5 3.7 0.24 0.53 6.7 31.4 

Bml 45-100 5.5  4.7 0.6 0.04  15.0  0.49  0.14 0.05 0.13 16.3 5.0 0.08 0.27 9.0 32.8 

Bm2 100-120 4.6 4.2  0.8 0.05 16.0 0.43 0.10 0.05 0.13  19.6 3.6 0.12 0.37 9.4 8.5 

Bm3 120-135+ 4.6  4.3 0.8 0.05 16.0 0.31 0.06 0.03 0.10  17.2  2.9 0.01 0.38 11.0 19.4 

Plot No. BSF 018: Coarse-Loamy  Orthic  Humo-Ferric Podzol, Sombric and Gleyed Phase with Mullm-der on a 
Glacial-Fluvial Terrace 

L(F) 4-0 5.8’ 5.4 26.4 1.08 24.4 68.97 6.35 0.19 1.12  121.1  63.3  17.0 13.6 1.20 

B f l  1.5-10 5.7 4.6 3.1 0.18 17.2 6.35 0.69  0.08  0.25  28.6 25.8 0.56 1.01 0.5 7.1 

Bf2 10-19 6.0  4.8 1.9 0.13 14.6 4.58 0.47 0.03 0.36 23.0 23.6 0.46 0.69 0.1 2.8 

BfRi 19-38 6.0 4.7 1.6 0.08 20.0  2.23 0.35 0.04  0.19  21.2  13.2 0.52 0.69 0.2 20.0 

Bmgj 38-86+ 4.9  4.2 0.6 0.04  15.0 1.88 0.75 0.05 0.12 22.1 12.7 0.6 8.3 
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Appendix VI 

Micronutrient  Analysis of Pedons (ppm) 

Depth Fe A1 Mn cu Zn B 
Horizon (m) HCll CaC12  CaC12 HCll CaC12 HCll Total  HCI  Total H z 0  

Plot No. BSF  001: Coarse-Loamy  Orthic  Humo-Femc  Podzol,  Sombric  Phase  with  Vermimull on a  Morainal  Blanket 

Ahu 0-9 3.8 0.5 1.8 190.0 37.20  0.14 15 2.84 165 0.7 

Bf 9-72 1.6 0.4 0.8 16.4 4.96  0.08 25 0.20  125 0.1 

Bm 72-87 12.2 0.3 0.2 4.0 0.78 0.34 25  0.18 115 0.1 

BC  87-100 7.6 0.3  1.2 4.0 1.32  0.30 25 0.16 85 0.3 

I1 Cei 100-120+ 6.2 0.8 1.8 3.4 1.08 0.54 20 0.20 80 0.5 

Plot No. BSF 002: Coarse-Loamy  Orthic  Humo-Femc  Podzol,  Sombric  Phase  with  Vermimull on  a Morainal  Blanket 

L(F) 5-0 340.0 17.8 34.0 430.0  262.00  0.38  12  24.60  165 3.8 

Bf 1 2-20 3.2 1.1 4.4 48.2  21.00 0.10 10 1.02 105 0.3 

Bf2 20-38 2.0 0.4 5.8 17.8 10.06 0.06  15  0.50  105 0.3 

Bm  38-64 1.6 0.3 3.6 11.4 6.30  0.14  25  0.14  105 0.2 

I1 Cgj 64-92+ 23.6 1.6 4.2  2.2  0.92  0.42 20 0.28 80 0.3 

Plot No. BSF  003: Coarse-Loamy  Cumulic  Regosol with Vennimull  on an Alluvial  Terrace 

mi 0-7 18.0 2.1 5.2 98.8 14.20 1.84 115  1.36  95  0.4 
C 7-32 6.8 0.8 2.8 28.9 8.34 0.86 115 0.54 105 0.2 

I1 Ahb 32-35 21.6 3.6 3.0 6.4 3.02 1.66 70 0.22 85 0.3 

I1 Cb 35-56 16.4 2.2 2.8 3.8 2.32 1.28 80 0.16 90 0.2 

Plot No. BSF 004: Sandy  Cumulic Regosol on an Alluvial  Terrace 

C 0-29 44.0 2.5 1.0 9.4 3.30 1.80 90 0.34 100 0.2 

I1 Ahb 29-42  7.6 0.6 2.0 33.8 13.86 1.78 90 0.74 95 0.4 

I1 Cb & 
111 Ahb 42-57 5.6 0.6  0.8  14.8  4.50 1.24 110 0.28 100 0.3 

I11 Cb 57-108+ 17.6 2.0  2.2 13.8 4.38 2.02 75 0.40 90 0.1 

Plot No. BSF  013: Fine-Loamy Orthic  Humo-Femc  Podzol,  Sombric  Phase with Vermimull on an Alluvial  Terrace 

Ah 0-8 2.6 0.3 0.6 220.0 36.80 0.22 70 0.82 140 0.3 

Bfl 8-28 2.0 0.2 0.2 64.0 9.04 0.38 90 0.20  155 0.3 

Bf2 28-38 3.4 1.1 0.6 38.0 5.06 0.80 120 0.16 100 0.2 

Bfjl 38-68 21.4 0.3 0.2 28.0 2.96 1.32 105 0.26 95 0.2 

Bf3 68-88 5.4 0.2 0.2 41.6 3.08 1.64 120 0.28 . 105 0.2 

BfjZ 88-110+ 6.0 0.5 0.2 42.0 2.12 1.78 130 0.40 110 0.2 

Plot No. BSF 014: Loamy-Skeletal  Orthic  Humo-Ferric  Podzol,  Sombric  Phase with  Vennimull  on  an  Alluvial  Terrace 

Ah 0-8 2.8 1.1 1.8 72.0 8.70 0.22 95 1.28 115 0.6 

Bf 8-23 4.2 2.3 3.2  64.6 7.82 0.38 105 0.66 110 0.3 

Bm  23-53  16.8 1.1 1.4  60.2 7.74 1.32 90 0.60 95 0.3 
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Appendix VI (Continued 6 )  
_ _ _ ~  

Depth Fe A1 Mn c u  Zn B 
Horizon  (cm)  HCll CaC12  CaC12 HCll CaC17 HCll Total HC1 Total H,O 
~~~ ~ 

Plot No. BSF 015 Coarse-Loamy Sombric Humo-Ferric  Podzol with Vennimull on an Alluvial Terrace 

Ah1 0-10 1.2 0.9 1.0 94.0  14.04  0.12 80 0.84 80 0.8 

Ah2 10-26 1.4 0.5 1.0 55.2 9.22 0.40  105  0.62  95 0.6 

Bf 26-43  7.4 0.5 0.2 16.6 3.88 0.26  90  0.32 100 0.2 
~~ ~~ ~ 

Bm  43-76 1.0 0.3 0.2 24.8 5.98 0.34 90 0.30 100 0.2 

C 76-94+ 6.0 0.3 0.2 22.0 5.06 0.44 90 0.42 100 0.2 

Plot No. BSF 016: Fine-Loamy  Cumulic Regosol with Vermimull on an  Alluvial Fan 

Ah 0-8 5.2 1.7 1.3 224.0  11.93 0.28 110 1.48 65 4.1 

C & I1 A&Cb’s  8-50 1.0 0.5 0.2 78.0 2.80 0.10 110 0.42  70 1.0 

111 A & C b ’ s  50-75 0.6 0.4 0.2 26.0 0.48 0.06  105 0.24 70 1.0 
~ ~ ~~~ 

IV cb 75-90+  2.8 0.3 0.2 49.0 0.38 0.10 70 0.64 70 0.7 

Plot No. BSF 017: Coarse-Loamy  Orthic  Humo-Ferric  Podzol,  Sombric  Phase  with  Vermimull on an  Alluvial Fan 

Ah 0-7 6.4 0.6  3.2 220.0  46.20  0.20  35  2.86  95 0.5 

Bf 1 7-15 2.6 0.7 3.6 86.0 35.40 0.38 70 0.54 120  0.2 

Bf2  15-45 2.0 0.7  1.8 35.9  12.04  0.56 90 0.22 100 0.1 

Bml 45-100 3.2 0.3 1.4 37.8 11.86 0.74 135 0.18 100 0.1 

Bm2 100-120 8.2 0.3 0.4 47.4 13.82 0.52 60 0.14 95 0.1 

Bm3 120-135 4.8 0.6 1.6 31.2 7.94 0.48 85 0.16 90 0.1 

Plot No. BSF018: Coarse-Loamy  Orthic  Humo-Ferric  Podzol,  Sombric  and  Gleyed  Phase  with Mullmoderon  a 
Glacial-Fluvial  Terrace 

L(F)  4-0 15.0 6.0 8.0 1350.0 162.0 0.30 25 30.80 100 4.5 

Bfl 1.5-10 2.6 0.5 1.0 37.0 3.34 0.10 35  0.60  165 0.2 
~ 

Bf2 10-19 
~~ 

1.6 0.3 0.6 19.6  2.18  0.08 35 0.28  160 0.2 

Bfgi 19-38 2.2 0.3 0.6 15.4 4.40 0.18 50 0.64 130 0.1 

Bmgj 38-86 38.0 0.3 8.2 11.2 3.82 0.70 40 0.54  115 0.1 

’ These extractions  were not discussed in this study. 
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