
Use of the biogeoclimatic ecosystem classification system in 
British Columbia 
by A. ~ a c ~ i n n o n , '  D. hAeidingerl and K. ~ l i n k a ~  

Biogeoclimatic ecosystem classification (BEC) is a hierarchical 
system that organizes ecosystems at three levels of integration 
- local, regional and chronological. The system is used by sil- 
viculturists and range, recreation and wildlife managers in British 
Columbia. Based on the study of both vegetation and sites, the 
system reveals ecological potentialities and limitations of par- 
ticular sites, and combined with the accumulation and widespread 
dissemination of ecological knowledge provides an ideal frame- 
work for integrated resource management. The ways in which 
the BEC system is adapted for, and used by, resource managers 
are described and demonstrated. Ongoing activities, including 
classification of sera1 ecosystems, quantification of soil moisture 
and nutrient regimes, identification of relationships between 
forest productivity and site quality, and provincial correlation 
of the six Regional classifications, are outlined. 

La classification biogCoclimatique des Ccosystkmes (CBE) est 
un systkme hiCrarchique qui classe les Ccosystkmes selon trois 
niveaux : local, rCgional et chronologique. Les sylviculteurs et 
les gestionnaires des parcours, des loisirs et de la faune de la 
Colombie-Britannique utilisent le systkme hikrarchique. Fond6 
sur 1'Ctude de la vCgCtation et des sites, ce systkme rkkle les 
possibilitCs et les limites Ccologiques de sites donnCs et, lorsqu'il 
s'ajoute aux donnCes Ccologiques accumulCes et dissCminCes, 
it fournit un cadre idCal 2 une gestion intCgrCe des ressources. 
Le document dCcrit et montre comment le systkme de CBE a 
CtC adapt6 pour les gestionnaires des ressources et comment ces 
derniers I'utilisent. I1 prCsente les grandes lignes des activitCs 
en cours, y compris la classification des stades striaux des 
Ccosystkmes, la quantification du rCgime d'humiditC du sol et 
du cycle des ClCments nutritifs, I'identification des relations entre 
la productivitC forestikre et la qualit6 du site, et des corrClations 
provinciales des six classifications rCgionales. 

Introduction 
British Columbia's diverse climate and topography produce 
a large variety of forested ecosystems. The diversity is both 
dazzling and in some respects daunting: such a range of 
ecosystems seems designed to test the management skills of 
even the most experienced forester. It was primarily to bring 
some order to the bewildering array of landscapes that the 
ecological classification of our province's landbase has been 
undertaken. A number of ecological classifications (summa- 
rized in Pojar 1983) have been proposed for British 
Columbia. The classification dealt with in this paper is the 
biogeoclimatic ecosystem classification (BEC), the most 
widespread system used in our province today. 

The aim of BEC is to classify the ecosystems of British 
Columbia in a way that will show their relationships (a) in 
form (likeness in vegetation or sites), (b) to climate, and (c) 
in time. The resulting classes are defined, named, and used: 

to identify and characterize the ecosystems that are the 
subject of research or management; 

@ to organize data for discovering relationships within and 
among the populations of ecosystems; 
to formulate generalizations from these relationships; and 
to apply these generalizations (Klinka et al. 1986). 

BEC forms 'natural' taxonomic units (i.e., units based only 
on the characteristics of the ecosystems). These units may 
be grouped or divided to form interpretive units useful for 
particular purposes. 

The goal of the ecosystem classification program in British 
Columbia is to assist in managing our landbase on an 
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ecosystem-specific basis. This paper examines how resource 
managers in different fields (silviculture, range, recreation, 
and wildlife) have used the BEC system to help them manage 
their different resources, and how the BEC system can be 
used for integrated management in our province. The first 
two Sections briefly describe the BEC system, the way in 
which the sampling, analysis and synthesis of data has taken 
place, and the materials that have been produced to assist 
field personnel in identification of the delineated units. Then 
the use of the system by renewable resource managers is 
described. New directions aimed to expand the development 
of the system and its usefulness are outlined in the last four 
sections. 

The Biogeoclimatic Ecosystem Classification 
System 

BEC is a hierarchical system drawing on several of the 
European phytosociological and site classification traditions 
(Cajander 1926; Sukachev and Dylis 1964; Westhoff and 
van der Maarel 1980). In relation to North American 
systems, it is most similar to Daubenmire's habitat type 
system (e.g. Daubenmire 1968) in the western United 
States, and Ontario's (e.g., Hills 1952, 1976; Hills and 
Pierpoint 1960) and northern Michigan's (e.g., Barnes et al. 
1982) site classification systems (Pojar et al. 1987). This 
Section provides a very simple description of the classifica- 
tion system; more detailed treatments of the system are 
available in Pojar et al. (1987, 1991) or Meidinger and 
MacKinnon (1989). 

The BEC system organizes ecosystems at three levels of 
integration - local, regional and chronological (Figure 1). 
At the local level, vegetation and site classifications differen- 
tiate vegetation and site units. At the repiona! level, zonal 
(or climatic) classification differentiates climatically 
homogeneous biogeoclimatic units. At the chronological 
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Figure 1. Levels of integration in the BEC system 

level, vegetation units are arranged into chronosequences that 
describe the vegetation succession for particular site units. 

The most general units of the BEC system are tfie bio- 
geoclimatic units. These represent areas of the landscape 
characterized by a uniform macroclimate, as inferred from 
the vegetation of zonal ecosystems. The basic and most com- 
monly used unit at this level of the classification is the sub- 
zone. Subzones are fairly large geographic areas (Figure 2) 
characterized by a particular climatic climax (zonal) plant 
association on zonal sites (sites of intermediate moisture and 
nutrients). 

For example, on these "average" sites in the moist (m), 
cool (k) Sub-Boreal Spruce (SBSmk) subzone (see Figure 2), 
the climax plant community has a canopy of subalpine fir 
(Abies lasiocarpa) and hybrid white spruce (Picea glauca 
X engelmannii), a shrub layer dominated by black huckle- 
berry (Vaccinium membranaceum), and a herb layer charac- 
terized by bunchberry (Cornus canadensis). The zonal 
ecosystem of the wet, cool SBSwk subzone has more hybrid 
white spruce and subalpine fir in the canopy, black twinberry 
(Lonicera involucrata) in the shrub layer, and the excellent 
indicator of moist sites, oak fern (Gymnocatpiurn dryopteris) 

in the herb layer; and the very wet, cool SBSvk subzone fea- 
tures the wet site indicator devil's club (Oplopanax horridus) 
as the predominant shrub on its zonal sites. 

Site classification organizes ecosystems into site units on 
the basis of shared stable environmental characteristics. The 
basic site unit is a site association, defined as all land areas 
with similar or equivalent physical properties which will 
produce similar plant communities at climax. A more 
climatically consistent site unit, the site series, is created by 
considering a site association within a particular biogeocli- 
matic subzone or variant (see Pojar et al. 1987 for specific 
definitions). This is the unit that land managers usually deal 
with. Site series may be divided into site types based on soil 
properties that often affect the management of the site. 
Figure 3 presents the most commonly occurring site series 
in one of the Sub-Boreal Spruce subzones. 

Methodology 
British Columbia's 30 million hectares are divided for i 

management purposes into six Forest Regions (Figure 4). 
Ecosystem studies have been carried out primarily by 
research staff in the six Regions with some provincial 
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SBSmk .: k i s t  Cod SBS 
SBSwk =Wet Cod SBS 

Figure 2. Sub-Boreal Spruce (SBS) subzones and zonal ecosystems around Prince George, B.C. 

co-ordination. To date approximately 250 person-years have 
been invested in the ecological description of our province 
within the BEC system. 

Maps of the biogeoclimatic units have been produced for 
over 90% of the province. The zones have recently been 
presented on a 1:2,000,000 scale provincial map (B.C. 
Ministry of Forests 1988). Subzones and variants are usually 
mapped at scales of 1: 100,000 to 1:500,000 for operational 
and planning purposes; these are available as colour regional 
maps (e.g., Nuszdorfer et al. 1984; McLeod and Meidinger 
1985; Pojar et al. 1988); or paper prints from mylars or com- 
puter databases. A digital 1 :250,000 biogeoclimatic unit map 
for the entire province has recently been completed. 

Characterization and description of site units has parallelled 
characterization and mapping of biogeoclimatic units. Site 
units are not generally mapped. Standard procedure is to map 
biogeoclimatic units, and have field personnel identify site 
units in the field using a variety of tools. However, certain 
high demand situations, usually requiring multiple use of 
forested Crown land, have merited the mapping of site units 
(e.g., Banner and Pojar 1987a; Clement et al. 1987; Klinka 
et al. 1980a, 1980b; Lindeburgh and Trowbridge 1985; 
Mitchell and Eremko 1987). 

As a result of the field sampling (Walrnsley et al. 1980; Lutt- 
merding et al. 1990) and synthesis of vegetation, soil and site 

data (Meidinger et al. 1987), regional ecologists and pedolo- 
gists differentiate vegetation and site units. Within a subzone 
or variant, from five to twelve site series are delineated, 
differing in soil moisture and nutrients, and other environmental 
characteristics. For convenience in site identification, these site 
series are usually displayed on an edatopic grid (Figure 5), a 
two-dimensional display of site series position on axes of 
moisture and nutrient regime. A variety of aids for site iden- 
tification are provided in field guides for identification and 
interpretation of ecosystems. Guides to plant identification have 
also been produced for most of the province as part of the clas- 
sification effort (Figure 6). Biogeoclimatic maps and field 
guides are available through Regional Ecology staff; some of 
the reports, guides, and maps available are listed in Table 1. 

The field guides differ somewhat from one Region to the 
next, but they share some similar components. ~ l l  begin by 
characterizing, in general terms, the biogeoclimatic units in 
the area covered by the guide. Aids to site identification are 
then presented by means of keys, edatopic grids, eco- 
amplitude (Figure 7) and toposequence diagrams (Figure 3). 
Usually, these aids are supplemented by descriptions of the 
soils, topography and vegetation for each site unit. The steps 
involved in site identification are summarized in Figure 8. 

Management interpretations are also provided for site units. 
Interpretations are derived by the ecologists and pedologists 
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Velvet-leaved blueberry 

Nutrient regime 

M = Doug las-fir (Pseudokuga memiesii,, 
Sxw = Hybrid white spruce ( M a  glauca x engelmannii) 
PI = Lodgepole pine (Pinus contorla) 

Figure 3. Topographic and moisture-nutrient relationships for the common site series in a wetter Sub-Boreal Spruce subzone. 

Figure 4. Administrative Forest Regions in British Columbia. The cities indicated are Regional headquarters. 
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Figure 5. Edatopic grid displaying seven site units. 

in consultation with other resource managers. These interpre- 
tations are intended to aid users in formulating the best 
possible ecosystem-specific prescriptions. All field guides 
contain silviculture interpretations. Most also contain inter- 
pretations for timber, wildlife, and range management. 

Use of Biogesclimatic Ecosystem Gllassification 
Silviculture 

From the requisite Pre-Harvest Silviculture Prescription, 
through site preparation, species and stock type selection, 
and stand tending activities, the BEC system is an integral 
part of silviculture in British Columbia. 

A ?re-Harvest Silviculture Prescription must be conducted 
on each area to be harvested. The area is stratified into 
environmentally homogeneous blocks, which are then 
described in terms of soil, site and vegetation characteristics. 
The site series or types are identified for each block recog- 
nized in the setting, by means of the field guides. The sil- 
viculturist then turns to the interpretive section of the field 
guide for suggested treatment options. 

Site treatment options take into account our understanding 
of ecosystem function and the accumulated body of 
experience in dealing with similar ecosystems. The BEC 
guides present "interpretations, " not ''prescriptions. " The 
interpretations are guidelines used by the resource manager; 
they do not, in themselves, provide the site prescription. The 
interpretations are one component of the management frame- 
work which the professional forester considers when arriving 
at a prescription for the site, as they do not take into account 
all the local site factors. Other factors to be considered 
include the desired end product, the economics of various 
options, potential pest problems, etc. Much of the classifi- 
cation, site description and management prescription infor- 
mation is recorded on the computerized history record 
system, where it is available to assist resource managers in 
post-harvest decision making. 

One example of the process is the office manual for the 
Vancouver Forest Region (Klinka et al. 1984) and the accom- 
panying field guide (Green et al. 1984). These provide guide- 
lines for site diagnosis and tree species selection for site series 
of the Vancouver Region. Appropriate tree species for 
reforestation are presented on an edatopic grid for each bio- 
geoclimatic unit (Figure 9); this method of providing specjfic 
interpretations for each site unit ("direct interpretations") 
is the most commonly used method in BEC field guides. Prin- 
ciples used for selecting appropriate species for regenerating 
sites in southwestern British Columbia are outlined in Klinka 
and Feller (1984). Stocking standards for all site series in 
the province are presented in Anonymous (1990). 

The effects of various site preparation techniques are most 
effectively documented on an ecosystem-specific basis. The 
work of Klinka et al. (1984) presents another approach to 
providing interpretations, as an aid to slashburning decision- 
making. Each block is rated on its sensitivity to fire on the 
basis of soil and site characteristics (Figure 10); this sort of 
interpretation is termed an "indirect interpretation", as it 
is not provided on a site unit basis. Similarly, Coates and 
Haeussler (1987) group site units with similar interpretations 
into "management units7' in considering mechanical site 
preparation options in north-central British Columbia. 
Indirect interpretations for soil management in forestry are 
provided in Carr et al. (1991) and Lewis et al. (1991). 

Another stand-tending consideration is the amount and 
timing of competition from non-crop vegetation that can be 
expected on a site. The study of vegetation response to cer- 
tain site preparation treatments on particular sites is an area 
of very active research in the province today. An example 
of the sort of work being done can be found in Hamilton 
and Yearsley (1988), who examined the development of 
vegetation after clearcutting and site preparation on four 

Table 1. Technical reports, field guides and maps for use in biogeoclimatic and site identification, for each Forest region 

Forest Region Technical reportslfield guideslmaps 

Cariboo Annas and Coup6 (1979); Forest Sciences Section, Cariboo Forest Region (1987, 1989); Roberts (1984); Steen and Roberts (1988) 

Kamloops Lloyd e t a / .  (1990); Mitchell and Green (1981) 

Nelson Comeau et al. (1982); Utzig et al. (1986) 

Prince George DeLong (1988); DeLong and McLeod (1987); DeLong et al. (1985, 1986, 1987a, b, c); MacKinnon and McLeod (1984, 
1986); MacKinnon et al. (1990); McLeod and Meidinger (1985): Meidinger et al. (1984, 1988) 

Prince Rupert Banner and Pojar (1987b); Banner et al. (1983, 1988, 1989, 1990); Clement er al. (1990); Haeussler et al. (1984, 1985); 
Houseknecht et al. (1987); Lewis et al. (1986); Pojar et al. (1983, 1984, 1988); Standish et al. (1987); Trowbridge et al. 
(1983); Yole et al. (1989) 

Vancouver Green et al. (1984); Klinka et al. (1984); Nuszdorfer (1990a, b); Nuszdorfer et al. (1984); Pojar et al. (1988) 
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/ [III[III Pojar eta/. (1982) 

Vancouver 
Victoria 

Figure 6. Areas of British Columbia covered by Forest Service plant identi 

different site units in the SBSwkl variant. Information such 
as the total volume of vegetation (m3/m2) on the different 
site units over the first twelve years after logging (Figure 11) 
can then be used to derive ecologically sound, ecosystem- 
specific silvicultural interpretations. 

The work of various researchers (e.g. Ketcheson et al. 
1985; Hamilton and Yearsley 1988) on development of 
key competitive species and species complexes after specific 
site preparation activities feeds important autecological 
information into the classification. Their information, 
however, gathered in hindsight, is based on sites harvested 
up to 15 years ago, and some key information (e.g. burn 
impact) may be sparse or non-existent. Much of the 
monitoring work going on now is intended to follow 
vegetation development from harvesting onwards, and 
should provide a less variable (and so more dependable) 
basis for predicting secondary succession on an ecosystem- 
specific basis. 

Fertilization decision-making is also dependent on site 
characteristics, in particular soil nutrient regime. Carter and 
Klinka (1988) propose site-specific guidelines for coastal 
Douglas-fir fertilization. They list the most responsive fer- 
tilizer treatments, and probable three-year growth responses, 
for spaced immature Douglas-fir in southern coastal~ritish 
Columbia. These recommendations and predicted responses 
are given for each site association in the Very Dry and Dry 
Maritime Coastal Western Hemlock subzones. 

Ecosystem-specific planning can be extended to stand- 
specific planning for management of woodlots. Examples of 
this are provided in Green et al. (1987) and Courtin et al. 
(1989) for sites on Lasqueti and Saltspring Islands, respec- 

~ficat~on or ~nd~cator  guldes 

tively; both islands form part of the Gulf Islands, in the Strait 
of Georgia between Vancouver Island and the mainland. In 
Green et al. (1987), 16.2 ha of Lasqueti Island are charac- 
terized and described within the BEC system. Ecosystems 
are grouped into "working groups" (groups of ecosystems 
within one subcompartment to be managed under the same 
silvicultural regime for a particular management objective), 
and these working groups are then mapped (Figure 12). The 
authors generate various summaries and maps to assist in 
planning and operations on small-scale forestry holdings. 

Classification data that describe the environmental com- 
ponents of a variety of ecosystems often yield sufficient infor- 
mation to characterize some aspects of the autecoiogy of 
species. This information was synthesized for tree species 
in Krajina (1969), Krajina et al. (1982) and Pojar (1985), 
among others. Three reports of particular note to silvicul- 
turists characterize the most productive Douglas-fir 
ecosystems (Klinka et al. 1981; Klinka and Carter 1980) and 
Engelmann spruce ecosystems (Klinka et al. 1982) in south- 
western British Columbia. In these reports the sites producing 
the best growth of Douglas-fir and Engelmann spruce are 
identified and described in terms of their soil, site and 
vegetation characteristics. Silvicultural interpretations are 
suggested for these most productive ecosystems. 

BEC field guides provide guidelines for establishing a new 
crop on a site while taking into account other resource uses 
(e.g., wildlife, range, recreation). They also provide infor- 
mation on possible hazards to the stand after establishment. 
Stand susceptibility to vegetation competition, microclimatic 
stress (e.g., drought, frost), flooding, and pest (insect and 
disease) attack can often be predicted on a site unit basis. 

February 1992, Vol. 68,  No. 1 ,  The Forestry Chronicle 105 



Site Units 02 03 04 01 01-YC 05 06 ) 

Trees Pinus ponderosa lzll I ponderosa pine 
Pseudotsuga menziesii var.glauca m m - m m W interior Douglas-fir 

Pinus contorta rn rn I lodgepole pine 
Lurk  occidentalis I I I western larch 
Betula papyrifera I I paper birch 

Thuja plicata I] m m western redcedar 
Picea engelmannii x glauca I I hybrid white spruce 

Shrubs Penstemon fiuticosus I) shrubby penstemon 
Juniperus communis I common juniper 
Mahonia aquifolium I S I I tall Oregon-grape 

Amelanchier alnifolia I I I I saslcatoon 
Paxistima myrsinites I I I I I falsebox 

Spiraea betulifolia I I I # birch-leaved spirea 
Symphoricarpos albus rn I FJ I a! common snowbeny 

Shepherdia canadensis I 1 soopolallie 
Rosa gymnocarpa I I baldhip rose 

Acer glabrum I I I Douglas maple 
Rubus parviflorus B I I thimbleberry 

Ribes lacustre a# black gooseberry 
Cornus sericea 4 I red-osier domood 

Oplopanax horridus devil's club - 
Herbs Achillea millefolium I yarrow 

Agropyron spicatum IIII bluebunch wheatgrass 
Arctostaphylos uva-ursi I kinnikinnick 

Aster conspicuus I I showy aster 
Calamagrostis rubescens Fa2III m m I 8 pinegrass 

Linnaea borealis a D 8 I twinflower 
Chimaphila umbellata I I prince's pine 

Disporum hookeri I Hooker's fairybells 
Aralia nudicaulis I wild sarsaparilla 
Clintonia uniflora a queen's cup 

Osmorhiza chilensis I sweet-cicely 
Viola canadensis I Canada violet 
Galium triflorum I I sweet-scented bedstraw 

Actaea rubra I I baneberry 
Tiarella unifoliata I one-leaved foamflower 

Mosses Pleurozium schreberi B Bm I red-stemmed feathermoss 
Rhytidiadelphus triquetrus I I I electrified cat's-tail moss 

Mnium spp. I leafy mosses 

Figure 7. Vegetation table for site series in the Shuswap Moist Warm Interior Douglas-fir variant (IDFmwl) (from Lloyd et a/. 1990). Larger bars indicate higher "prominence values" (which incorporate 
species frequency and mean cover). 



Identify 1. obtain biogeoclimatic map 
2. locate site 

biOgeOclimatic * 3, confirm using subzone/ 
unit 1 variant features 

1 
1. vegetation composition and relative 

abundance 
features * 2. site features; ie.. slope position, gradient 

and aspect; soil texture and coarse 
fragments; humus form and depth; depth 
to water table; rooting depth; and 
parent materials 

+ t0pOSequence diagram 

eco-amplitude diagram 

8 
Confirm the identification 
by comparing to ecological 

Figure 8. Steps involved i n  site identification. 

The silviculturist is able to avoid some problems, and is 
aware of the potential for others to occur. 

Range 
Another area where the BEC system could prove useful 

is in range management, particularly in integrated manage- 
ment involving forestry and range concerns on Crown land. 

For broad-scale range planning, biogeoclimatic units are 
useful; Wikeem (1983), for example, uses them to present 
information on grazing to define research needs. As ranching 
is very important in the Cariboo Forest Region, their field 
guide (Forest Sciences Section, Cariboo Forest Region 1989) 
provides range interpretations (Table 2). These interpreta- 
tions are a first attempt at accommodating range interests 
in the BEC system. However attempts to predict the results 
of range management activities on a site unit basis require 
data on the response of that site unit to manipulation. Because 
of this, authors such as Pitt (1982, 1984) point out that until 
the classification system includes information such as the 
"strong relationships between forage production and forest 
cover types, " that "specific resource management problems 
are clarified best with specific inventory and data collection 
programs. ' ' 

There are no inherent limitations to using BEC for range 
management decisions. Lewis (1982) suggests that, "with 
minor modification, [BEC] can form the basis of [a]  geo- 
graphic information system" on which to base range manage- 
ment activities. If this classification system is to be used for 
range interpretations, however, more research must be 
directed towards understanding the structure and dynamics 
of plant communities, and their response to manipulation. 

A new research initiative in the Ministry of Forests is 
intended to develop an interpretive ecosystem classification, 
probably based on BEC, for rangeland management. 

Recreation 
Ecosystem classification and mapping may assist in 

integrating recreation into multiple-use management. By 
identifying the ability of different site units to support recrea- 
tional activity, the designation of land for recreational use 

can be compared to the designation of the same land for other 
activities, and optimal combinations can be found. 

BEC is also used to assist recreation managers in deter- 
mining the capability of an area to support recreation, and 
the level of development necessary to meet the recreation 
objectives for an area. Inselberg et al. (1982), for example, 
identify and map site series and site types within MacMillan 
Park (also known as "Cathedral Grove") on Vancouver 
Island. Recreational interpretations for each unit are prepared 
on the basis of: 

dominance of large coniferous trees (many visitors come 
to enjoy the old-growth stands of Douglas-fir, western 
hemlock and western redcedar, with trees taller than 70 m 
on good sites); 

r canopy cover; 
shrub cover; 

o species diversity; 
trafficability (based on soil moisture regime and slope); and 
need to regenerate Douglas-fir . 

The 1 :2,500 scale map of the 90-ha park represents an inten- 
sive mapping procedure which may not be feasible for plan- 
ning development over a larger landbase. In this case, 
however, it provides the information required for ecologi- 
cally based recreation management of a heavily used park. 

Parks Canada has commissioned biophysical (ecological) 
mapping in nearly all of its management areas, as an aid to 
park planning and interpretation. The BEC role in the 
interpretation of our environment to recreationists has not 
been well explored. 

Wildlife Habitat 
As with range or recreation management, combinations 

of vegetation and site units are appropriate as wildlife habitat 
management units. Use of BEC site units for habitat manage- 
ment, however, will require gathering of additional infor- 
mation on vegetation in various stages of secondary succes- 
sion, community structure as it relates to animal needs, and 
response of site units to manipulation and the effect this has 
on wildlife carrying capacity of the unit. In addition, sup- 
plemental information on physical characteristics of the land- 
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Table 2. Range interpretations for site series of the SBSdw2 variant (from Forest Sciences Section, Cariboo Forest Region 1989) 

SIGNIFICANT CARRYING CAPACITY 1 RESPONSE TO FORAGE SEEDING 1 SITE UNIT 1 NATIVE FORAGE 1 AND SEASON I RESPONSE TO GRAZING TIMBER MANAGEMENT 1 COMMENTS I 
SBSdw2i01: 
Fd - SX - 
Pinegrass 

pinegrass, showy aster, 
heart-leaved arnica, 
rough-leaved ricegrass, 
prickly rose, birch-leaved 
spirea, saskatoon 

forage production usually 
increases within I to 3 years 
after logging for a period of 
4 to 8 years; forage produc- 
tion after logging may be 
reduced by shrub growth; 
seeding forage species on 
exposed mineral soil within 
first year after logging will 
usually increase forage 
production 

3-4 haiAUM 
early June to late 
September 

principal species; 
orchardgrass (Kay or 
Chinook), timothy, 
alsike clover, 
bromegrass minor spc- 
cies: white clover, 
creeping red fescue 

heavy grazing of pinegrass in 
July may reduce its vigour in 
subsequent year 

pinegrass palatability 
declines after mid June 
and nutritional value 
after mid July; mature 
deciduous types have 
greatest forage value; 
range livestock use con- 
centrated on disturbed 
areas 

SBSdw2103: 
PI - Pinegrass - 
Feathermoss 

- 

SBSdw2102: 
Fd - 
Juniper - Feathermoss 

usually sparse; pinegrass, 
(prickly rose), birch- 
leaved spirea, showy aste 

very sparse extremely low 

SBSdw2104: 
PI - Kinnikinnick - 
Feathermoss 

unlogged - very low 
logged - 4 to 7 ha/AUM 
mid June to mid September 

pinegrass, showy aster, 
prickly rose, saskatoon 

4 - 5 haiAUM early June 
to late September 

nia 

heavy grazing of pinegrass in 
July may reduce its vigor in 
subsequent year 

heavy grazing of pinegrass in 
July may reduce its vigour in 
subsequent year 

forage potential may increase 
slightly after logging 

forage production usually 
increase significantly after 
logging; seeding domestic 
species within first year after 
logging may increase 
production 

forage potential may increase 
slightly after logging 

nia 

principal species: 
orchardgrass (Kay or 
Chinook), timothy, 
alsike, clover, 
bromegrass minor 
species; white clover, 
creeping red fescue 

crested wheatgrass 
(omit if broadcast), 
orchardgrass (Kay), 
bromegrass, creeping 
red fescue, white 
clover or dryland 
alfalfa 

occupies small localized 
areas with little forage 
value; may be used as 
resting areas 

forage production limite 
by cool north aspects 
and often dense tree 
layer: grazing polential 
generally limited to 
logged or burned areas 

livestock use low; use 
limited by steep slopes 



SOIL NUTRIENT REGIME 

A B C D E 
very poor poor med~um rich very rich 

1.5 Rubus pedatus 
1.4 Rhytidiopsis robusta 2.3 Tiarella unifoliata 
1.5 Vaccinium alaskaen 3.5 Streptopus roseus 
1.6 Blechnum spicant 

Figure 9. Tree species selection guidelines for the Mountain Hemlock (MH) "a" subzone: Hm = mountain hemlock (Tsuga mertensiana), Yc = yellow- 
cedar (Chamaecyparis nootkatensis), Ba = Pacific silver fir (Abies amabilis). The scientific names represent indicator species groups characteristic of 
those moisture and nutrient regimes. The circled letters represent growth class symbols: G = good, M = medium, P = poor, and L = low. (from Klinka 
et al. 1984). 

scape (e.g., slope, aspect, elevation) and climatic charac- 
teristics not included as BEC criteria (e.g., snowpack depth 
and duration) may be required. The potential use of ecolog- 
ical classification systems in wildlife management in British 
Columbia was reviewed by Stevenson (1982). 

Biogeoclimatic subzones are used in all habitat mapping 
by the Wildlife Branch, B.C. Ministry of Environment 
(MOE), as a climatic framework for plant community dis- 
tribution. A series of 1:500,000 maps and legends entitled 
"Ecoregions and biogeoclimatic units" for each MOE 
management area within British Columbia was completed 
in autumn 1988. Subzones are stratified into "important 
habitats" (e.g., estuary, floodplain, old-growth forests), and 
important wildlife species in each habitat are identified. This 
information provided the basis for the wildlife summaries 
for each zone presented in Meidinger and Pojar (1991). Other 
maps are produced by Wildlife Branch at scales of 1:250,000 

to 1:50,000; on these maps, wildlife habitat units may be 
mapped within the biogeoclimatic unit boundaries. 

Lea (1986) describes an approach used by the MOE for 
describing vegetation in Wells Gray provincial park. In this 
work the "vegetation landscapes" ("plant habitats that have 
the potential to support similar communities of vegetation 
through various stages of successions") are described within 
biogeoclimatic units; these "vegetation landscapes" are 
similar in concept to site units in BEC. He describes succes- 
sional communities occurring on each vegetation landscape, 
and evaluates each vegetation landscape for potential forage 
and cover value for several featured wildlife species (hare, 
moose, mule deer, woodland caribou, mountain goat and 
grizzly bear). 

The Ministry of Forests also uses biogeoclimatic units to 
represent regional climates for wildlife management pur- 
poses. In Handbook for Timber and Mule Deer Management 
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< START 1 

Figure la). A portion of a key to identification of site sensitivity to prescribed fire. VH = very high, H = high, M = medium, L = low VL = very 
low (from Klinka et al. 1984). 

7 DevR club site aeries 
.... Oak fern 8iB serlss -- Wenh cup 8118 8~188 

Yeare since burned 

Figure 11. Volume of herbs, shrubs and deciduous trees in early-sera1 
(10 years since burned) ecosystems in the SBSwk subzone. The Devil's club, 
Oak fern and Queen's cup ecosystems represent wetter than average, average, 
and drier than average site units, respectively, in this subzone. (after Hamilton 
and Yearsley 1988). 

Co-ordination on Winter Ranges in the Cariboo Forest 
Region, Armleder and his colleagues (1986) use the Cariboo 
Region field guide (Forest Sciences Section, Cariboo Forest 
Region 1989) to delineate the "snowpack zones" of the Car- 
iboo Forest Region. These snowpack zones are then used 
as a broad planning tool for integrated forestry-wildlife use 
of Crown lands in the Cariboo Region. Biogeoclimatic units 
were also used by Nyberg et al. (1990) in defining snow- 
pack zones for deer and elk habitat management on British 
Columbia's south coast. 

Researchers in the Prince Rupert Forest Region (Banner 
and Pojar 1985; Banner et al. 1985) classified and mapped 
coastal grizzly bear habitat in the the lower Kimsquit Valley 
on the central mainland coast of British Columbia 
(Figure 13). In the 5000 ha study area, the joint Ministry 
of Forests-Ministry of the Environment study distinguished 
seven forested site series and two non-forested site series 
(avalanche tracks and wetlands). Forested units were classed 
in eight physiognomic successional stages, and also divided 
into nineteen "variations" based on present species compo- 
sition (sera1 association). Map units were pre-typed from 
1:20,000 colour aerial photographs, and ground-checked. 
The vegetation units formed the primary components of the 
map units; soils and landform units formed the secondary 
components. This mapping provided the framework on which 
grizzly habitat studies, including intensive monitoring of 
radio-collared bears, could be overlaid. Digitizing the maps 
makes it a relatively simple matter to produce derivative maps 
for wildlife (or other) interpretations. This application is 
being further developed in the Khutzeymateen Valley Grizzly 
Bear Study (Hamilton and Nagy 1990; Clement 1990). 
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Scale: 1:2500 
= = Secondary road 

0 25 50 75 100 --- - Creek 

Figure 12. Distribution of "working groups" over a study area on Lasqueti Island (from Green et al. 1987). 

A similar co-operative study (Clement et al. 1987; Cle- 
ment 1987; Cichowski and Banner 1990) is being conducted 
between the Ministries of Forests and Environment, to digi- 
tally map winter habitat of the Tweedsmuir-Entiako and 
Itcha-Ilgatchuz woodland caribou herds of central British 
Columbia. In conjunction with digitized forest cover maps 
indicating forest cover type, age and site class, it becomes 
possible to generate overlays and summaries of, for example, 
timber volume by caribou habitat type. In combination with 
data on caribou movements and habitat use, this mapping 
is being used to define caribou management zones that will 
guide future forestry development in the area (Cichowski and 
Banner 1990). 

Interpretive units for black-tailed deer and Roosevelt elk 
habitat management, called "understory types," were der- 

ived from BEC site units on Vancouver Island and the 
southern mainland (Nyberg and Janz 1990). These units, 
named for dominant understory species, are the basis for 
interpretations of forage and cover productivity and responses 
to silvicultural practices (Figure 14). 

New Directions 
Correlation 

The biogeoclimatic ecosystem classification of British 
Columbia was undertaken relatively independently in each 
of the six Forest Regions. These Regional data and classifi- 
cations have been pooled to produce a correlated provincial / 

classification. The data were re-analyzed and synthesized with 
the result that some units are being merged and the relation- 
ships between similar ecosystems in different Forest Regions 
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seral (near-climax or climax) communities. Regardless of suc- 
cessional status, all plant communities are classified into a 
hierarchy of vegetation units which are then related to site 
units to form site-specific chronosequences (Pojar et al. 1987). 

Klinka et al. (1985) and Hamilton (1988) proposed that 
the type of disturbance or treatment and the structural- 
developmental stages form a framework for suatifying seral 
vegetation units. By means of the framework, each site 
association recognized in the BEC system can be character- 
ized by a sequence of plant communities likely to follow cer- 
tain types of disturbance (Figure 15). 

This information can be used by various resource managers 
in slightly different ways. For example, on a particular site 
a silviculturist may want to know what type of vegetation 
is likely to develop following various site preparation treat- 
ments (e.g., mechanical, prescribed fire) in order to best avoid 
vegetation competition with planted seedlings. Wildlife or 
range managers may be interested in encouraging treatments 
which direct succession towards seres with good forage value, 
or a rapid recovery to good hiding or snow intercept qualities. 

Some commonly occurring early-sera1 plant communities 
following fire disturbance in southwestern British Columbia 
were classified by Klinka et al. (1985). In the same area, 

Figure 13. A portion of a map of ecosystems of the Kimsquit R~ver Valley McGee (1988) classified early-sera1 plant communities foi- 
on the central mainland coast of British Columbia. Letters refer to succes- lowing various intensities of mechanical disturbance on B.C. 
sional stages; polygon numbers refer to a characteristic combination of site ~~d~~ transmission right-of-ways. D ~ L ~ ~ ~  (1988) described 
series and landform-soil unit. For example, polygons C-537 (cottonwood- 
alder-salmonberry-devil's club, mature seral) and E-536 (riverbar scrub, mid-serai vegetation units in One of the White 
pioneer sera11 represent different seres of the same site series. These different and Black Spruce Zone in northeastern British Columbia. 
seres have different value to grizzly bears (after Banner and Pojar 1985). 

is being clearly demonstrated. Interpretations for the cor- 
related units are also being prepared on a provincial basis. 
The intent is to produce a non-redundant ecosystem classifi- 
cation and a consistent set of recommended forest manage- 
ment practices for each unit. The results of this provincial 
correlation are starting to be published provincially (B.C. 
Ministry of Forests 1988; Banner et al. 1990; Meidinger and 
Pojar 1991 ; Klinka et al. 1991) and regionally (Meidinger 
et al. 1988; DeLong et al. 1990; Lloyd et al. 1990; Mac- 
Kinnon et al. 1990). Other technical publications (e.g., zonal 
monographs) and field guides will become available over the 
next few years. 

Vegetation Dynamics 
Just as a wildlife or range manager wants to know the 

forage production to be expected on a site after a particular 
disturbance, so a silvicultural manager wants to be able to 
predict the vegetation development on a site following var- 
ious disturbances. Conard (1984) stated: 

The classification of seral vegetation in British 
Columbia .. . could be an extremely useful tool for 
predicting the development of competing vegetation 
following disturbance on forest sites, for identifying 
sites where similar problems are likely to develop, and 
for planning vegetation management treatments. 

In consequence, recent work has been directed towards the 
study of disturbed ecosystems and vegetation dynamics and the 
development of site-specific vegetation chronosequences. 

The classification of early- and mid-sera1 plant communi- 
ties follows a similar approach to that applied for the late- 

Characterization of Soil Moisture and Nutrient 
Regimes 

Site or its quality has been defined as the sum total of all 
environmental factors affecting the plant community of an 
ecosystem (Spurr and Barnes 1980). As different combina- 
tions of environmental factors may have a similar effect on 
plants, those factors that have a more direct influence are 
most useful for characterization of site. The BEC system uses 
light and heat (i.e., climatic regime expressed by biogeo- 
climatic subzone or variant), soil moisture regime (SMR), 
and soil nutrient regime (SNR) to characterize site quality. 
Sites with similar climatic, soil moisture, and soil nutrient 
characteristics (i.e., site associations) have similar quality, 
and, as a result similar vegetation and productivity potentials. 

Until recently, classification of SMRs and SNRs has been 
carried out by means of relative scales within biogeoclimatic 
units. For example, a mesic site (a site judged to have 
"average" moisture for a subzone or variant) in a wet cli- 
mate would actually be wetter than a mesic site in a drier 
climate, but both would be called "mesic" as they are sites 
with similar site and soil physical properties. As manage- 
ment impacts on vegetation and soil depend essentially on 
actual rather than relative soil moisture and nutrient regimes, 
quantitative characterization and effective field identification 
of SMRs and SNRs are of essential importance to the BEC 
system. 

Some progress has been made towards characterization of 
actual soil moisture and nutrient regimes. Klinka et al. (1984) 
used the occurrence and duration of phases of water use, 
complemented by the ratio between actual and potential 
evapotranspiration (AET:PET), and the occurrence and depth 
of the water table, to differentiate actual SMRs. In the field, 
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1. Soil nutrient regime: A = vey poor, B = poor, C = medium, D = rich, E = vey rich 

2. Soil moisture regime (Potential hygrotope): 0 = vey xerrc, 1 = xeric, 2 = subxeric, 3 = submesic, 4 = mesic, 5 = subhygric, 6 = hygric, 7 = subhydric 

3. Codes for biogeoclimatic units from Green eta/ 1984 . 

4. Revised codes for biogeoclimatic units,1988 (D. Meidinger, personal communication). 

5. The Salmonberry (Devil's Club) type replaces the Sword Fern type on sites with a high water table. 
I 

Figure 14. The lichen-salal understory type: position on the biogeoclimatic unit-edatope matrix. Potential forage values a1.e: for deer, moderate in winter, 
low in spring and summer; for elk, low year-round. 
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Figure 15. Classification of seral stage and seral plant associations in a site association (after Hamilton 1988). 

Sera1 Young Forest Mature Forest Old-Growth 
stage (SH) / (YF) I (MF) 

actual SMRs with water surplus are identified according to 
the depth of growing-season groundwater table. Other SMRs 
are identified by using a key to relative SMR. The key 
(Figure 16) considers soil depth, texture, coarse fragment 
content, organic matter content, gleyed horizons, and 
external inputs and removals of soil water due to position 
in the landscape (i.e., soil water-holding capacity) to arrive 
at a relative SMR class. The relative SMR is then related 

Sera1 plant 
association 
(common name) 

S i te  association 

to an appropriate actual SMR by means of the edatopic grids 
(see Figure 9). 

Courtin et al. (1985) quantified SNRs in coastal British 
Columbia by using four soil parameters as differentiae. They 
delineated seven soil groups, correlated these groups with 
the floristic composition and forest productivity of the 
associated forest communities, and assigned the groups to 
five SNR classes. Further studies on the characterization of 

MIDDLE SLOPES 

$ Fireweed - red 
raspberry 

* drier if aspect S. or S.W. 

Figure 16. A portion of a key to identification of actual moisture regime. 0-5 refer to the moisture classes (hygrotopes) on an edatopic grid; 0 = very 
dry, 5 = "moist" (from Klinka et al. 1984). 

Vaccinium - Gymnocarpium 

$ Lodgepole pine - thimbleberry 
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$ Lodgepole pine - western 
hemlock 

Western hemlock - 
oakfern 



SNRs using mineralizable nitrogen as the key factor have 
been carried out by Kabzems and Klinka (1987a, b). Actual 
SNRs are identified in the field according to a key which 
considers the humus form, soil depth, texture, coarse frag- 
ment content, organic matter content, minerology, and pos- 
sible external nutrient inputs (Figure 17). 

Relationships between Site Quality and Forest 
Productivity 

Classification of a forest into site units provides a suitable 
framework for both ecosystem-specific management and 
study of relationships between site quality and forest produc- 
tivity, because the factors used to characterize site quality 
(i.e., climate, soil moisture regime, and soil nutrient regime) 
may also be used as independent variables in simple syn- 
optic models describing growth performance of trees. These 
relationships were examined recently for disturbed, imma- 
ture, coastal Douglas-fir ecosystems in the Very Dry and 
the Dry Maritime Coastal Western Hemlock subzones by 
Klinka and Carter (1988). They examined variations in 
Douglas-fir site index (m1.50 years) in relation to understory 
vegetation (expressed as factor scores of principal compo- 
nents analysis), vegetation and site units of the BEC system, 
climatic soil moisture and soil nutrient measures (expressed 
as categorical or continuous variables) (Table 3). 

Of the eight regression models developed, understory vege- 
tation alone, either expressed as the factor scores of prin- 
cipal components analysis or vegetation units, had a weak 
relationship with site index. The models based on continuous 
site variables had poorer performance than those based on 
categorical site variables (site units or their formative 
elements). Testing on an independent data set showed that 

only the models based on categorical site variables continued 
to have a good relationship with site index. 

These results support the use of site units (or climatic, soil 
moisture, and soil nutrient regimes) in evaluation of site 
quality. The models using continuous variables require fur- 
ther improvements and, probably, selection o f  a more 
accurate productivity index than site index. Similar studies 
are carried out by graduate students at the Faculty of 
Forestrv, Universitv of British Columbia. for black cotton- 
wood, <odgepole p&e, Sitka spruce, and western hemlock, 
with some being expanded to modelling height growth based 
on stem analysis. 

Old-growth Project 
The government of British Columbia has recently 

embarked on a process to develop a strategy for manage- 
ment of our province's old-growth forests. Much of the 
information we have regarding old-growth forests in British 
Columbia comes from the data collected during sampling 
conducted by the ecosystem classification program. 
Definitions for our various old-growth forests are being 
derived within the BEC framework. Investigations into the 
feasibility of developing new management practices (e.g. 
Hopwood 1991) have been conducted for specific zones and 
ecosystems. In addition, inventories of how much old growth 
we have, and what we need in protected status, are being 
conducted on a biogeoclimatic unit basis. 

Summary 
Each tree species will grow and behave in ways that depend 

on the sites and ecosystems in which it grows. Similarly, 
different forest ecosystems will respond to different treat- 

Figure 17. A portion of a key to identification of actual nutrient regime. A-E refer to the nutrient classes (trophotopes) on an edatopic grid; A = very 
poor, E = very rich (from Klinka et al. 1984). 
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Table 3. Models for regression of Douglas-fir site index on understory vegetation and envivornment factors used to characterize site quality (from 
Klinka and Carter 1988) 

[ I ]  SI = 29.1 + 1.23(PCAl)' + 0.39(PCA2) + 1.85(PCA3) 
Adjusted R' = 0.320 F  = 16.4 S.E. = 4.1 

[ 2 ]  SI = 34.6 - 1 1 . 7 ( ~ ~ ~ ) ~  - 7.4(VUB) - S.l(VUC) - 1.4(VUD) - 2.2(VUE) 
Adjusted R' = 0.384 F  = 13.1 

[3]  SI = 34.3 - 1 3 . 8 ( ~ ~ 1 ) ~  - 7.7(SU2) - 2.6(SU3) + 1.3(SU4) 
Adjusted R2 = 0.803 F  = 100.1 

[4]  SI = 34.6 - ~ ~ . O ( V D ) ~  - 7.7(MD) - 3.O(SD) - O.Ol(F) 
Adjusted R2 = 0.744 F  = 71.3 

[ 5 ]  SI = 35.5 - 1 3 . 2 ( ~ ~ ) '  - 9.7(P) - 4.O(M) - 0.6(R) 
Adjusted R' = 0.657 F  = 47.4 

S.E. = 4.0 

S.E. = 2.2 

S.E. = 2.6 

S.E. = 3.0 

[6]  SI = 35.5 - 7.O(VD) - 1.4(MD) + O.l(SD) + 3.1(F) - 9.4(VP) - 7.4(P) - 4.9(M) - 1.5(R) 
Adjusted R' = 0.845 F =  67.1 S.E. = 2.0 

[7]  SI = 26.6 - . 3 6 ( ~ , ~ a ~ ) ~  + .12(E,June) + .91(LFminN) + 3.36(LMminN) 
Adjusted R2 = 0.715 F =  33.6 S.E. = 2.9 

[8]  SI = 21.7 - .046(WD) + 3.65(LMminN) 
Adjusted R2 = 0.627 F =  43.0 S.E. = 3.2 

'PCAI through PCA3 are factor scores from the first three axis derived from principal components analysis (PCA) of all diagnostic species. 
'VUA through VUE are dummy variables representing vegetation units A through E. 
3 ~ ~ 1  through SU4 are dummy variables representing site units 1 through 4. 
4~~~ where VD - very dry; MD - moderately dry; SD - slightly dry; and F - fresh. 
'SNR where VP - poor; P - poor; M - medium; and, R - rich. 
6 ~ , ( ~ a y )  and E,(June) - actual evapotranspiration during May and June; LFminN and LMminN - natural log of mineralizable N in the forest floor 
and surface 30 cm of the mineral soil, respectively. 

ments in different ways, depending largely on the charac- 
teristics of the ecosystem. What is then required is a clas- 
sification of forest ecosystems into biologically-equivalent 
site units. This has been accomplished by the BEC system. 
The system assists forest managers in selection of the most 
suitable crop tree species and silvicultural regimes for each 
site unit and management objective. Management planning 
and operation are simplified by combining many individual 
ecosystems into fewer environmentally characterized classes. 

Owing to the pioneering work of Dr. V.J. Krajina, the 
ecology of British Columbia forests is well understood and 
is being used to manage the sustained development of the 
forest resource. The biogeoclimatic ecosystem classification 
- an integral part in this process - has become an accepted 
term after some ten years of systematic training of the govern- 
ment and industrial field staff in identification and interpre- 
tation of ecosystems. Such acceptance was not gained by 
government decree but by the virtues of the BEC system: it 
has made ecology understandable and applicable. This effort 
has resulted in increased ecological awareness and consider- 
able improvement in forest management in British Columbia. 
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