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ABSTRACT 

Pojar, J., Klinka, K. and Meidinger, D.V., 1987. Biogeoclimatic ecosystem classification in British 
Columbia. For. Ecol. Manage., 22: 119-154. 

Biogeoclimatic ecosystem classification is a system of ecological classification widely used in 
British Columbia. The system has been expanded by the B.C. Forest Service from the pioneering 
work of V.J. Krajina and his students. The recognized units result from a synthesis of vegetation, 
climate, and soil data. The approach to classification is hierarchical with three interrelated levels 
of integration. The multiple-category, local and regional levels involve vegetation and site; a chro- 
nological level deals with vegetation dynamics. Taxa of any level and category can be integrated 
according to their interpretive value for management. 

Vegetation units are defined and arranged into a floristic hierarchy based on the plant associ- 
ation, using traditional Braun-Blanquet methods modified to suit regional conditions. Where pos- 
sible, zonal (climatic climax) plant associations are identified, thus defining biogeoclimatic sub- 
zones, which are divided into variants and aggregated into zones, regions, and formations. Plant 
associations are transformed into site associations-environmentally characterized classes of eco- 
systems with similar biotic potential. Site associations are then subdivided into series and types, 
using biogeoclimatic and edaphic characteristics as differentiae. Examples of classification at local 
and regional levels are provided, as are examples of management applications. 

Biogeoclimatic ecosystem classification is a unique approach that draws on several of the Eu- 
ropean (including Russian) and North American schools of vegetation and land classification, 
and has similarities with the Cajander forest type, Barnes land type, Daubenmire habitat type, 
and Hills site type approaches. The classification provides a powerful integrative and predictive 
tool, with proven practical value for forest managers. 

0378-1127/87/$03.50 © 1987 Elsevier Science Publishers B.V. 
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INTRODUCTION 

Ecosystem studies carried out from 1950 to 1975 by Krajina and his students 
in British Columbia resulted in the development of the biogeoclimatic ecosys- 
tem classification (BEC) system. These studies presented not only an ecosys- 
tem classification but also a great deal of information on vegetation- 
environment relationships (e.g., Brooke et al., 1970; Wali and Krajina, 1973; 
Kojima and Krajina, 1975). In the 1970's the Forest Service embarked on a 
province-wide program of ecosystem studies to improve forest management.  
The classification used in this program was based on the BEC system. After 10 
years, a great amount  of new information has been gathered, interpreted, and 
disseminated to foresters in British Columbia. Because of its usefulness in 
forest management,  the Forest Service and most forest companies use the BEC 

system. 
The BEC system is a hierarchical classification scheme with three levels of 

integration: local, regional, and chronological. The classification deals primar- 
ily with three ecosystem elements: climate, vegetation, and soil (including to- 
pography and parent materials). This system is a unique approach to ecosystem 
classification with roots in the Russian and Southern European traditions of 
phytosociology (see Whittaker, 1980, and Jahn, 1982) ; it has also been influ- 
enced by the Northern European, British, and American traditions. As a com- 
posite system, BEC has affinities to at least four of the twelve major schools of 
vegetation classification (Whittaker, 1980): the landscape unit, biotic area, 
forest site type, and floristic unit  approaches. In North America, classifications 
most similar to BEC are probably the habitat type system of the western United 
States (Daubenmire, 1968; Pfister and Arno, 1980) and the site classification 
systems of Ontario (Hills, 1952, 1976; Hills and Pierpoint, 1960 ) and northern 
Michigan (Barnes et al., 1982). 

Despite several published descriptions (e.g., Krajina, 1965, 1969, 1977; Bell, 
1971; Mueller-Dombios and Ellenberg, 1974; Beil et al., 1976; Klinka, 1976; 
Klinka et al., 1979; Kojima, 1981; Pojar, 1983, 1985), a thorough characteri- 
zation of the BEC system has not yet been written. The aim of this paper is to 
provide such a review, including some modifications and refinements of pre- 
vious accounts, and some examples of how the system is used in forest 
management.  

CONCEPTS 

Ecosystem and biogeocoenose 

Ecosystem is the term used for the sum of vegetation, animals, and physical 
environment in whatever size segment of the world is chosen for study (Fos- 
berg, 1967). A biogeocoenose (Sukachev and Dylis, 1964) is a geographically 
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circumscribed type of ecosystem. In this paper we use 'ecosystem' as synony- 
mous with 'biogeocoenose', so as to simplify terminology. 

A terrestrial ecosystem is composed of vegetation, animal populations, mi- 
croorganisms, and their physical environment.  The physical environment 
(ecotope, habitat, or site ) can be conceptually simplified into three main ele- 
ments: climate, soil moisture, and soil nutrients. Our model of ecosystem func- 
tion is that  of Major (1951): vegetation and soils are products of climate, 
organisms, topography, parent  material, and time. Thus, an ecosystem may be 
practically characterized by a 'plant community '  (a volume of relatively uni- 
form soil; Soil Survey Staff, 1975) upon which the plant community occurs. 

Climate 

Climate is the most fundamental  determinant  of the nature of terrestrial 
ecosystems. Climate, as used here, refers to the regional climate ( Major, 1951, 
1963 ) that  influences the ecosystem over an extended period of time. Climate 
is usually expressed by statistics using normals of precipitation and tempera- 
ture, and classified by integrating general atmospheric phenomena and their 
interactions (e.g., KSppen, 1936; Trewartha, 1968; Major, 1977). 

Climax and succession 

The BEC system implictly accepts the so-called (Drury and Nisbet, 1973) 
traditional view of succession, and follows the polyclimax concept (Tansley, 
1935 ). Climatic climax ecosystems reflect the primary influence of the regional 
climate. Other types of climax ecosystems include edaphic, topoedaphic, fire, 
and zootic climaxes (Daubenmire, 1968). 

Many forest ecosystems in British Columbia have escaped large-scale cata- 
strophic destruction by fire, wind, and other agents (Parminter,  1983a, b, c). 
Succession may continue over centuries, and large tracts of climax forest occur 
throughout the wetter parts of the province. Many other areas of British Co- 
lumbia are dominated by ecosystems that  have not attained climax, and per- 
haps never will. In such areas, the classification must be developed primarily 
with maturing seral stands (usually 70 years or older). Because seral stands 
usually exhibit definite successional trends, potential climax trees can be pre- 
dicted by evaluating stand structure and relative shade tolerances of tree spe- 
cies. Understory vegetation can also be used as an indicator of site quality, 
successional development, and the potential natural vegetation of a site. 

Ecological equivalence 

The same climax vegetation can occur over a range of sites, because of the 
compensating effects of environmental  factors on plants. In consequence, even 
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a climax plant association may represent ecosystems from different climates 
and with different soils. Furthermore, the plant community that  develops on 
a particular site depends on the site, disturbance, chance, and time. Hence, a 
number of different plant communities may occur on the same site. 

To address the problems of environmental  compensation and temporary 
variations in vegetation, ecosystems can be organized according to the princi- 
ple of biological (Cajander, 1926) or ecological (Bakuzis, 1969) equivalence. 
This principle implies that  sites with the same or equivalent physical proper- 
ties have the same vegetation potential. 

Soil moisture regime 

Soil moisture regime (SMR) is the average amount  of soil water annually 
available for evapotranspiration by vascular plants over several years. Krajina 
(1969) adopted nine SMR classes and applied them in different climates (see 
Fig. 2). Thus, the relatively driest soil in any climate was always very xeric 
(0) and the relatively wettest was always hydric (8). A subjective synthesis 
of soil properties and indicator plants (Pogrebnyak, 1930; Hills, 1952; Loucks, 
1962; Bakuzis, 1969; Krajina, 1969; Ellenberg, 1974) has been used in the BEC 
system to infer the potential SMR of forest sites ( see Walmsley et al., 1980, and 
Klinka et al., 1984). 

There are few schemes that  objectively define moisture gradients or classes 
(e.g., Waring and Major, 1964; Soil Survey Staff, 1975; Arbeitskreis Standort- 
skartierung, 1978; Canada Soil Survey Committee, 1978). Quantitative ap- 
proaches to the classification of SMR's are based on annual water balance 
(Thornthwaite,  1948) and vascular plant  activity (Major, 1963, 1977) (Fig. 
1). Klinka et al. (1984) used the occurrence and duration of phases of water 
use, complemented by the ratio between actual and potential evapotranspira- 
tion (AET:PET), and the occurrence and depth of the water table, as differentiae 
for classifying actual SMR'S (Table  1 ). Further study of vegetation-soil mois- 
ture relationships is required to substantiate the ecological significance of the 
recognized classes and their limits. 

Soil nutrient regime 

Soil nutrient  regime (SNR) is the amount  of essential soil nutrients that  are 
available to vascular plants over a period of several years. Complex relation- 
ships among climate, topography, soil, and organisms complicate evaluation 
of SNR's. Furthermore, uncertainties about appropriate methods of soil chem- 
ical analysis, and difficulties in determining the forms and quantities of exter- 
nal inputs ( e.g., dissolved nutrients in seepage water) have made quantitative 
characterization of SNR's difficult (e.g., Ralston, 1964; Bakuzis, 1969; Armson, 
1977; Pritchett,  1979). 
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Fig. 1. Annual water balance for a moderately dry site within a summer-dry cool mesothermal 
climate (Csb), showing all phases of water use-surplus, utilization, deficit, and recharge. The 
assumed available water storage capacity is 90 mm. 

Krajina (1969) adopted six SNR classes and applied them in different cli- 
mates and for soils with different SMR's (see  Fig. 2 ). A subjective synthesis of 
soil properties and indicator plants (e.g., Pogrebnyak, 1930; Hills, 1952; Vo- 
robyev, 1953; Bakuzis, 1959, 1969; Loucks, 1962; Mueller-Dombois, 1964; Kra- 
jina, 1969; Ellenberg, 1974; Landolt, 1977; Stanek, 1977; Arbeitskreis 
Standortskartierung, 1978; Tsiganov, 1983) has been used in the BEC system 
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TABLE 1 

Tentative classification of actual soil moisture regimes in coastal British Columbia (amended 
version of Klinka et al., 1984) 

Differentia Class 

Rooting-zone groundwater absent during the growing season 
Water deficit occurs (soil-stored reserve water is used 
up and drought begins if current precipitation is 
insufficient for plant needs) 

Deficit > 5 months (AET/PET ~ 55% ) 
Deficit > 3 months but -< 5 months (AET/PET ~ 75 but > 55% ) 
Deficit > 1.5 month but -< 3 months (AET/PET ~ 90 but > 75%) 

Deficit > 0 but < 1.5 month (AET/PET > 90%) 
No water deficit occurs 

Utilization (and recharge) occurs (current need for 
water exceeds supply and Soil-stored water is used) 
No utilization (current need for water does not exceed 
supply, temporary groundwater table may be present) 

Rooting-zone groundwater present during the growing season 
( water supply exceeds demand) 

Groundwater table > 30 cm deep 
Groundwater table > 0 but < 30 cm deep 
Groundwater table at or above the ground surface 

excessively dry 
very dry 
moderately 
dry 
slightly dry 

fresh 

moist 

very moist 
wet 
very wet 

to infer  the  ac tua l  SNR of  fores t  s i tes (see W a l m s l e y  et  ah, 1980, a n d  K l i n k a  et  
ah, 1984) .  

Recen t ly ,  C ou r t i n  et  al. (1985) a t t e m p t e d  to  quan t i f y  SNR'S in coas ta l  Br i t -  
ish Co lumbia .  Us ing  four  soil p a r a m e t e r s  as d i f ferent iae ,  t h e y  de l inea ted  seven  
soil groups,  co r r e l a t ed  these  g roups  wi th  the  f lorist ic  c o m p o s i t i o n  a n d  fores t  
p r o d u c t i v i t y  of  the  a s soc ia t ed  fores t  c o m m u n i t i e s ,  a n d  ass igned  the  g roups  to 
five SNR classes  ( T a b l e  2) .  F u r t h e r  s tudies  on the  c h a r a c t e r i z a t i o n  of  SNR's 
us ing  mine ra l i zab le  n i t rogen  as the  key  fac to r  have  been  ca r r i ed  out  b y  K a b -  
zems  (1985) a n d  are  be ing  c o n t i n u e d  a t  the  Facu l ty  of  Fores t ry ,  U n i v e r s i t y  of  
Br i t i sh  Columbia .  

Edatopic grid 

E d a t o p e  refers  to a specific c o m b i n a t i o n  of  SMR a n d  SNR ( Pog rebnyak ,  1930).  
T h e  eda top ic  grid ( P o g r e b n y a k ,  1930; Rys in ,  1982 ) has  been  used  by  ecologis ts  
in va r ious  fo rms  as a tool  to d e m o n s t r a t e  r e l a t ionsh ips  a m o n g  p l a n t  species  or 
c o m m u n i t i e s  a n d  SMR's, SNR'S, or o the r  c o m b i n a t i o n s  of  e n v i r o n m e n t a l  p rop-  
er t ies  (e.g., Bakuz i s ,  1969; Kra j ina ,  1969; Mayer ,  1977; Arbe i t sk re i s  S t a n d o r t -  
ska r t i e rung ,  1978; W h i t t a k e r ,  1978, 1980; E l lenberg ,  1982; Ts iganov ,  1983) .  
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TABLE 2 

Tentative classification of soil nutrient regimes in coastal British Columbia (after Courtin et al., 
1985) 

Soil Number 
nutrient of soils 
regime 

Mean and standard deviations a for the differentiating 
characteristics 

Humus form b Forest floor and mineral soil 

pH C/N Total N (kg/ha) S E B  c (kg/ha) 

A 9 3.8 73 1743 1386 
(verypoor) (0.25) (7.4) (1786) (1683) 
B 29 4.0 42 3297 873 
(poor) (0.47) (7.3) (2229) (650) 
C 101 4.1 34 12989 1225 
(medium) (0.62) (6.8) (3749) (557) 
D 39 4.5 20 4069 1743 
(rich) (0.43) (4.5) (2405) (1088) 
E 17 5.0 21 8404 5066 
(very rich (0.43) (4.5) (3920) (1961) 

aNumbers in parentheses are standard deviations. 
bThe humus form of the nutrient-rich and -very rich S N R S  is usually represented by an Ah (um- 
bric) horizon. 
cSEB, the sum of exchangeable calcium, magnesium, and potassium. 

For terrestr ial  ecosystems, the BEC system uses an edatopic grid of nine poten- 
tial SMR'S X five actual SNR'S (Fig. 2).  

Zonal ecosystem 

Because climate plays a pr imary  role in the development  of terrestr ial  eco- 
systems, many classifications have a t tempted  to group ecosystems influenced 
by the same climate (Hills, 1952; Hills and Pierpoint ,  1960; Sukachev and 
Dylis, 1964; Daubenmire,  1968; Arbeitskreis Standortskar t ierung,  1978; Dam- 
man, 1979). It might seem tha t  climatic classification should be done solely 
with climatic data (e.g., Rauscher,  1984; Van Groenewoud, 1984); however, 
climatic data are often sparse or lacking for large areas, some climatic prop- 
erties are difficult to measure, and it is difficult to specify critical climatic 
values. Climatic analysis alone cannot  provide a reliable functional  link be- 
tween climate and ecosystems. Therefore,  to detect changes in regional climate 
and to establish ecologically meaningful  climatic classes, the BEC system uses 
the concept of the zonal ecosystem as well as vegetation criteria similar to those 
discussed by Damman  (1979). 

The  zonal or climatic climax concept  occurs widely in the ecological litera- 
ture, al though usually without  sat isfactory definition. Zonal ( climatic climax ) 
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Fig. 2. Plot of the range of soil moisture and nutrient regimes for Arctostaphylos uva-ursi and the 
Tiarello-Thujetum plant association within a wet cool mesothermal climate (CWHa biogeocli- 
matic subzone). The edatopic grid shows nine potential and the corresponding actual SMR's as 
interpreted from Giles (1983). The hypereutrophic (F) soil nutrient regime, with an excessive 
amount of bases, is excluded. 

ecosystems are those in which the integrated influence of climate on vegeta- 
tion, soil, and other ecosystem components  is most strongly expressed. Zonal 
ecosystems must have intermediate light, heat, and soil moisture and nutr ient  
regimes; that  is, conditions intermediate between the existing extremes found 
within a geographic area with a specific regional climate. 

Although zonal ecosystems can be functionally characterized in relation to 
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neighbouring ecosystems (Sukachev and Dylis, 1964, pp. 440-442), they usu- 
ally have the following morphological characteristics: 

(1) Middle slope position on the meso-slope in mountainous terrain (meso- 
slope is the slope segment that  directly affects site water movement) ;  upper 
slope position in subdued terrain. 

(2) Slope position, gradient, aspect, and location that  does not result in a 
strong modification of climate (e.g., frost pocket, snow drift area, steep south 
or north aspect). 

(3) Gentle to moderate (5-30%) slope; in dry or cold climates, on slopes to 
less than 5%; in wet climates, on slopes up to 50%. 

(4) Soils that  have: (a) a moderately deep to deep (50-100+cm)  rooting 
zone, (b) no restricting horizon within the rooting zone, (c) loamy texture 
with coarse fragment content  less than 50% by volume, and (d) free drainage. 

METHODS OF ANALYSIS AND SYNTHESIS 

Methods of plot selection, data analysis, and data synthesis are similar to 
those employed by phytosociologists of the Braun-Blanquet school ( see Poore, 
1955, 1956, 1962; Ellenberg, 1956; Becking, 1957; Braun-Blanquet,  1964; 
Shimwell, 1972; Mueller-Dombois and Ellenberg, 1974; Westhoff and Van der 
Maarel, 1980 ). Krajina's modifications and explicit consideration of site char- 
acteristics (Krajina, 1933) were used by many of his students for ecosystem 
studies in British Columbia, and our methods evolved directly from these. 

Sampling and analytic phases 

The type of sampling can best be described as "subjective without precon- 
ceived bias" (Mueller-Dombois and Ellenberg, 1974). A preliminary stratifi- 
cation of climate and vegetation is developed through field reconnaissance and 
review of pert inent  resource information (e.g., climate data, forest cover maps, 
geology, landform, and soil reports and maps ). This initial stratification struc- 
tures subsequent field sampling, and may be modified as hypotheses about 
relationships between vegetation and its environment are developed. 

Throughout  the sampling phase, any stand that  meets the sampling criteria 
may be sampled. Sampling criteria include homogeneity, successional status, 
and size of the stand. Initially only homogeneous stands in a climax (or late 
seral ) stage are sampled so that  it is possible to identify representative samples 
of the existing range of sites. Only stands that  are large enough to include a 
sample plot are selected. Sample plot size is usually 400 m 2 - -  greater than the 
'minimal area' required for most temperature coniferous forest communities 
to develop their full species complement and structure ( Shimwell, 1972; Muel- 
ler-Dombois and Ellenberg, 1974; Westhoff and Van der Maarel, 1980). Plot 
size is reduced for grassland, wetland, or alpine sampling. 
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On each sample plot, vegetation, environment, and mensuration data are 
collected according to standard procedures (Walmsley et al., 1980 ) and format 
(Sondheim et al., 1983). On each plot, all plant species are listed by strata, 
using three tree layers, two shrub layers, a herb layer, and a bryophyte and 
lichen layer, with an estimate of species percent cover and vigour. Plot location 
and various site features such as landform, soil moisture and nutrient regime, 
soil drainage, and bedrock type are recorded on a site description form. One 
soil pit is located in each plot and is fully described sensu Walmsley et al. 
(1980), the supplementary information presented in Canada Soil Survey 
Committee (1978) and Dumanski (1978) for soils, and Klinka et al. (1981) 
for humus forms. Soil samples are usually collected and analysed to confirm 
diagnostic horizons and texture, and to determine pH and major nutrient con- 
centrations. The set of data for each sample plot represents an individual eco- 
system characterized in terms of climate, landform, soil, and vegetation. 

Synthetic phase 

Synthesis of vegetation data is the most important step in ecosystem clas- 
sification. The Braun-Blanquet approach to vegetation synthesis (the record- 
ing, organizing, and tabulation of vegetation data ) is detailed in Poore (1955), 
Ellenberg (1956), Becking (1957), Ktichler (1967), Shimwell (1972), Muel- 
ler-Dombois and Ellenberg (1974 ) and Westhoff and Van der Maarel (1980). 
Vegetation synthesis is primarily performed using computerized tableing pro- 
grams (originally developed by Klinka, 1976, and expanded by Meidinger et 
al., 1983, and Emanuel, 1985) that group sample plots in the prescribed man- 
ner. Two classification programs, CERO ( Ceska and Roemer, 1971 ) and TWIN- 
SPAN ( H i l l ,  1979) can be used in the process, but the main method of data 
synthesis is the tabular method. Ordination programs, such as ORDIFLEX 
(Gauch, 1977) and DECORANA (Hill, 1979), can be used to probe the data 
structure and develop hypotheses regarding species distribution and vegeta- 
tion-environment interactions. Programs are also available for grouping and 
summarizing all environment and forest mensuration data collected (Meidin- 
ger et al., 1983; Emanuel, 1985). 

The classification is developed by Forest Service ecologists and pedologists 
throughout the province. They conduct the data analysis and synthesis, bio- 
geoclimatic mapping, preparation of classification reports and field guides, de- 
velopment of interpretations, and extension and demonstration. 

SYSTEM OF BIOGEOCLIMATIC ECOSYSTEM CLASSIFICATION 

Synopsis 

Krajina (1977) developed the BEC system with four levels of synecological 
integration and two levels of population integration. To show relationships 
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Fig. 3. Categories and relationships of the three classifications integrated in the biogeclimatic 
ecosystem classification. 

among ecosystems in form, space, and time, B.C. Forest Service researchers 
adopted three levels of synecological integration. Thus, the BEC system orga- 
nizes the ecosystems at local, regional, and chronological levels (cf. Rowe, 
1961). 

The purpose of the local level of integration is to organize ecosystems ac- 
cording to similarities in their vegetation and sites. This is done by vegetation 
and site classifications, producing vegetation and site units (Fig. 3 ). The pur- 
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TABLE 3 

Categories and nomenclature used in the vegetation classification (cf. Table 5) 

Category Nomenclature a 

Suffix Example 

Class -etea 
Order -etalia 

Alliance -ion 

Association -etum 

Subassociation -etosum 

Pseudotsugetea menziesii 
Gaultherio shaUonis- Pseudotsugetalia 
menziesii 
Gaultherio shaUonis- Pseudotsugion 
menziesii 
Gaultherio shallonis- Pseudotsugetum 
menziesii 
Gaultherio shaUonis-Pseudotsugetum 
menziesii hylocomietosum splendentis 

~After Barkman et al. (1976). 

pose of the regional level is to organize ecosystems according to similarities in 
their distribution in a vegetation-inferred, climatic space. This is done by a 
zonal (climatic) classification producing biogeoclimatic units (Fig. 3). The 
purpose of the chronological level is to organize ecosystems into site-specific 
chronosequences. This is done by arranging the vegetation units recognized 
for a given site unit according to disturbance, treatment, and successional status. 

Phases may be formed by dividing any of the recognized vegetation, biogeo- 
climatic, or site units by adding a modifier to the name of a unit; however, the 
phase is not a formal taxonomic unit. Phases make the BEC system more flex- 
ible by considering ecosystem properties other than those used as differentiae. 

For practical purposes, units of any level and category may be integrated 
according to their interpretive values for management; however, the derived 
interpretive classifications are not part of the taxonomic system. 

Vegetation classification 

Vegetation units are floristically uniform classes of plant communities in 
the sense of the Braun-Blanquet approach. This paper presents only the dif- 
ferentiae and categories applied in the BEC system. The plant association is 
the basic category in the vegetation classification; alliances, orders, and classes 
are groups of associations, and subassociations are divisions of an association 
(Table 3). The 'diagnostic (characteristic) combination of species' (DCS) that 
is exclusive to a given vegetation unit is the sole differentia for organizing eco- 
systems into a floristic hierarchy. 

The Braun-Blanquet approach uses species with relatively narrow ecological 
amplitudes. Such species are 'diagnostic'; a group of them constitute a 'diag- 



TABLE 4 

Definitions of diagnostic values of plant species 
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Name and symbol Definition 

Character-species: 
character (ch) 

dominant  character 
(dch) 

Differential-species: 
differential (d) 

dominant  differential 
(dd) 

Companion -species: 
constant dominant  
(cd) 
constant (c) 
important 
companion ( ic ) 

Accidental species: 
accidental (a) 

species that  is clearly associated with only one particular unit in a 
hierarchy; presence class a > I I I  and at least two presence classes 
greater than in other units of the same category 
species that  does not meet the presence criteria above but shows clear 
dominance in only one particular unit in a hierarchy; presence class 
-> III, mean species significance b _> 5 and two or more significance 
classes greater than in other units of the same category 

species that  is clearly associated with more than one unit in a 
hierarchy; presence class > I I I  and at least two presence classes 
greater than in other units of the same category and circumscription 
species that  does not  meet the presence criteria above but shows clear 
dominance in more than one unit in a hierarchy; presence class >I I I ,  
mean species significance > 5 and two or more significance classes 
greater than in other units of the same category and circumscription 

species that  has presence class V and mean species significance > 5.0 
in one of the units under comparison 
as for constant dominant  but mean species significance < 5.0 
species that  does not meet the criteria for a character, differential, 
constant dominant,  or constant species but shows affinity to a 
particular unit as shown largely by its absence from other units under 
comparison; presence class > II, species significance variable 

species that  does not  meet any of the above criteria 

aPresence classes as percent of frequency: I = 1-20, II = 21-40, I I I =  41-60, IV = 61-80, V = 81-100. 
bSpecies significance classes and percent cover: + = 0.1-0.3, 1 = 0.4-1.0, 2--1.1-2.2, 3 = 2.3-5.0, 
4=5.1-10.0,  5 =  10.1-20.0, 6=20.1-33.0, 7=33.1-50.0, 8=50.1-75.0, 9=75.1-100. 

nostic combination of species'. The DCS may include character-, differential-, 
and/or companion-species (see Table 4 for definitions). Considered as a group, 
the species of the DCS are more or less restricted to the plant communities of a 
given vegetation unit, and are used to define it, to indicate its environment, 
and to identify member communities. 

Phytosociologists have neither precisely specified nor agreed upon the re- 
quired composition of the DCS for particular categories (cf. Becking, 1957; 
Mueller-Dombois and Ellenberg, 1974; Westhoff and Van der Maarel, 1980). 
In British Columbia, our experience indicates that character-species exist for 
only a few plant associations, typically those of nonforested ecosystems on 
environmentally extreme sites. To provide suitable criteria we propose that: 
(1) character-species (i.e., the species that differentiate in the absolute sense) 
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not be required in the DCS for any vegetation unit at present; (2) units be 
recognized by an exclusive DCS that must include at least one differential or 
dominant-differential species; (3) units that represent the central concept of 
a higher circumscribing unit also be recognized without a DCS, providing they 
are differentiated by the absence or low occurrence of species that characterize 
other units of the same category and circumscription; and (4) plant sub- 
associations also be recognized by non-exclusive DCS's that include at least two 
differential or dominant-differential species. 

Table 5 is a diagnostic table of some recognized azonal vegetation units of 
the Gaultherio shaUonis-Pseudotsugetalia menziesii (Krajina, 1969) in the 
University of British Columbia Research Forest. 

Plant subassociations are usually distinguished by differences in one (usu- 
ally dominant) or several species that indicate relatively minor climatic and/ 
or e.daphic variations among ecosystems included in the circumscribing plant 
association. Plant associations with similarities in floristic composition, life- 
form, and structure [i.e., dominance by evergreen shrubs, deciduous shrubs, 
ferns, graminoids, herbs, bryophytes, or lichens in conjuction with a prominent 
(usually climax tree) species ] are grouped into alliances. A plant alliance rep- 
resents a major segment of the edaphic gradient that occurs in one or several 
related climates. Plant alliances with physiognomically similar vegetation and 
general affinities in a dominant stratum are grouped into orders. A plant order 
signifies a broad segment of the edaphic gradient that usually occurs in many 
different climates and is represented by one or two prominent climax species. 

Classification and interpretation of ecosystems should include seral plant 
communities and distinguish between the effects of disturbance and site fac- 
tors on the plant community. Climax forest communities in one environment 
may resemble seral forest communities in another environment, and certain 
seral communities (usually early seral) may occur in many environments 
(Krajina, 1960a; Daubenmire, 1968; Alaback, 1984). To deal with this prob- 
lem, the BEC approach uses near-climax or climax plant communities (or po- 
tential natural vegetation of a site) as the basis for classification. Seral 
vegetation units are then incorporated into the floristic hierarchy, and are re- 
lated to site units to determine ecological relationships so that site-specific 
chronosequences can be established ( Klinka et al., 1985). 

Zonal (climatic) classification 

Biogeoclimatic units are classes of geographically related ecosystems that 
are distributed within a vegetationally-inferred climatic space. To define and 
delineate these classes, each influenced by roughly the same climate, the BEC 
system uses the zonal concept and the vegetation of zonal near-climax and 
climax ecosystems. 

The basic category of the zonal classification is the subzone; zones, regions, 
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TABLE 5 

Abbreviated diagnostic combinations of species for alliances, associations, and subassociations of 
the Gaultherio shaUonis-Pseudotsugetalia menziesii recognized in the UBC Research Forest 

$RCPC $PGPM GSPM 
$RCPC $ R L A C  $PGTP GSPM 

GSPMMN GSPMRL 

Plant  order GSPM 
Plant  alliance 
Plant  association 
Plant  subassociation GSPMKO 

Number of plots 1 4 5 6 5 9 9 
Species Presence class and mean species significance 3 

$Rhacomitrio canescentis-Pinion contortae and -Pinetum contortae ( $RCPC ) 4 

Cladina rangiferina ( d,c ) 3 5 3.2 
Danthoniaspicata (d,c) 5 1.5 1 +.1 
Dicranum howeUii (d,c) 5 4.3 
Pinus contorta (d,cd) 5 6.6 
Pleurozium schreberi (d,c) 5 2.5 
Rhytidiopsis robusta (d,c) 5 3.4 
Saxifragaferruginea (d,c) 5 1.3 1 +.1 

I + . 0  

1 +.0  I + .0  
24.0 II 1.0 III 1.1 

I + .0  
21.5 I1.1 
13.4 III2.3 I1.1 

$Polypodium glycyrrhizae-Pseudotsugion menziesii ($PGPM) 

Carex rossii (d,c) 5 1.5 IV +.5 
Cryptogramma crispa (d?) 3 + .0  4 1.6 III 1.1 
Menziesiaferruginea (d,c) 53.7 V 2.1 
Polypodiumglycyrrhiza (d,c) 3 + .0  41.3 V 2.1 

I + . O  

1 + . 1  I I + . O  I I I1 .8  
3 + . 5  I I I + . 5  I + . O  

$Ribeso lacustris-Aceretum circinati ($RLAC) 

Acer circinatum (d,cd) ] 5 8 . 1  I 
Blechnum spicant (d,c) 2 + .0  
Gaultheria ovatifolia (d) 
Ribes lacustre (d,c) 

III 1.9 
I + . 0  

II 1.4 III 1.3 
I + .0  II + .0  

$Polypodium glycyrrhizae- Thujetum plicatae ( SPGTP ) 

Betula papyrifera (d) 
Gaultheria shallon ( dd,c ) 57.2 41.8 
Pseudotsugamenziesii (d,c) 54.9 31.5 
Thujaplicata (d,cd) 55.2 3 1.1 
Tsuga heterophylla ( dd,c ) 54.4 4 1.3 

II + .0 
58.0 V 7.6 V 7.8 
58.3 V 8.0 V 8.4 
55.0 V 6.2 V 7.0 
45.2 V5.1 V4.7 

Gaultherio shallonis-Pseudotsugion menziesii and -Pseudotsugetum 

Holodiscus discolor (d?) 2 + .8 I + .0 
Kindbergia oregana (d,cd) 2 + .3  
Plagiothecium undulatum (d,c) 21.1 
Pteridium aquilinum (d,c) 32.6 III 2.4 

menziesii (GSPM) 

3 1.0 II + .0  III 1.0 
56.6 V 5.4 V 6.1 
43.6 V 3.7 V 4.1 
53.2 V 2.8 V 3.3 

Gaultherio shallonis-Pseudotsugetum menziesii kindbergietosum oregani ( GSPMKO ) 

Isopterygium elegans (d,c) 4 1.1 1 5 1 . 1 1  
Polytrichum juniperinum (d) I 41 .01 



134 

TABLE 5 (continued) 

Plant order GSPM 
Plant alliance SRCPC $PGPM 
Plant association $RCPC $RLAC $PGTP 
Plant subassociation GSPMKO 

Number of plots' 4 5 6 5 9 9 
Species Presence class and mean species significance 3 

GSPM 
GSPM 
GSPMMN GSPMRL 

Gaultherio shaUonis-Pseudotsugetum menziesii mahonietosum nervosae ( GSPMMN ) 

Chimaphila menziesii (d) IIII +.1 [ 
Cornus nuttaUii (d) 1 +.1 1 +.0 
Mahonia nervosa (d,c) 
Rhytidiopsis robusta (d) 5 3.4 1 3.4 

Gaultherio shallonis-Pseudotsugetum rnenziesii rhytidiadelphetosum lorei (GSPMRL) 

Dryopteris expansa (d) I +.8 
Hylocomium splendens (dd,c) 4 3.9 5 3.1 IV 3.9 
Rhytidiadelphusloreus (d,c) 3 1.7 23.0 III 1.8 

I I .1  

1Arabic numerals designate presence classes when the number of plots in a vegetation unit is < 6. 
2Sources of nomenclature are Taylor and MacBryde (1977) for vascular plants, Crum et al. (1973) 
for mosses, Stotler and Crandall-Stotler (1977) for liverworts and hornworts, and Hale and Cul- 
berson (1970) for lichens. The few species names that deviate from these sources follow Krajina 
et al. (1986). 
3Diagnostic values, presence class, and mean species significance are defined in Table 4. 
45 denotes a seral vegetation unit. 

and formations are formed by grouping subzones while variants are formed by 
dividing subzones (Table 6). That  portion of a plant association that repre- 
sents zonal climax ecosystems defines a subzone, and the distribution of zonal 

TABLE6 

Categories and differentiae used in the zonal classification 

Category Differentia 

Formation 
Region 

Zone 
Subzone 
Variant 

Climatic group (KSppen/Trewartha) 
Climatic type (KSppen/Trewartha); DCS ~ derived from zonal and non-zonal 
climax ecosystems 
Zonal plant order (DCS derived from zonal climax ecosystems) 
Zonal plant association (DCS derived from zonal climax ecosystems) 
Zonal plant subassociation (exclusive or non-exclusive DCS derived from zonal 
climax ecosystems) 

aDCS, diagnostic combination of species. 



135 

ecosystems delineates the geographical extent of the subzone. Vegetation anal- 
ysis (Damman, 1979) of all ecosystems in a subzone provides further charac- 
terization. The topographic sequence (catena) or landscape pattern of 
ecosystems also reflects the influence of climate. These sequences or patterns 
may be used for subzone differentiation, especially in areas where zonal climax 
ecosystems are rare. 

Variants reflect further differences in regional climate and generally are rec- 
ognized for areas that are drier, wetter, snowier, warmer, or colder than what 
is considered typical for the subzone. These climatic differences result in cor- 
responding differences in vegetation, soil, and ecosystem productivity. Succes- 
sional trends or patterns can also be useful in delineating both subzones and 
variants. 

Subzones with similar zonal plant associations and climates are grouped into 
zones. Because closely related zonal climax ecosystems are usually represented 
by plant orders, orders are used to define biogeoclimatic zones. Accessory char- 
acteristics such as climatic, edaphic, and vegetation patterns and processes 
help characterize zones and aid in grouping subzones into zones. 

Zones are grouped into regions based on KSppen climatic types ( Trewartha, 
1968) and DCS of both zonal and non-zonal vegetation; regions are aggregated 
into formations based on KSppen climatic groups. Table 7 presents a synopsis 
and diagnostic combinations of species of biogeoclimatic units for the Meso- 
thermal formation in coastal British Columbia. 

Zones, subzones, and variants are mapped at scales of 1:2 000 000 to 1:250 000 
following the methods outlined in Klinka et al. (1979). Boundaries are drawn 
according to the occurrence of zonal ecosystems, the presence of diagnostic 
plant species, and the pattern of ecosystems on the landscape. The boundaries 
are checked by ground and aerial transects. 

Site classification 

Vegetation units cannot be expected to provide the most efficient, conveni- 
ent, and stable framework for ecosystem classification. Vegetation changes over 
time, continually dating the results of vegetation classification. The site clas- 
sification organizes ecosystems on the basis of more or less stable environmen- 
tal attributes and according to the concept of ecological equivalence. Site 
classification also facilitates the study of vegetation dynamics and environ- 
ment-vegetation relationships, and simplifies ecosystem mapping and 
interpretations. 

The basic category in site classification is the site association; series and 
types are divisions of associations (Table 8). Climatic and edaphic factors or 
properties are used to define site units; the floristic compositions are used 
as accessory characteristics. A site association consists of all sites that have 
similar or equivalent physical properties and the same vegetation potential; 
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Categories and differentiae used in the site classification 

139 

Category Differentia 

Association 

Series 
Type 

Range of biogeoclimatic subzones or variants, soil moisture regimes, soil nutrient 
regimes, and if appropriate, an additional environmental factor or property con- 
trolling vegetation of the parent plant association. 
Biogeoclimatic subzone or variant 
One or more factors or properties that are identified as the major source of the 
edaphic variation within the site association (e.g., the kind and degree of expres- 
sion of soil horizons, soil particle size, rooting depth, and landform characteristics) 

i.e.,  a l l  s i t e s  c a p a b l e  o f  p r o d u c i n g  v e g e t a t i o n  b e l o n g i n g  to  t h e  s a m e  p l a n t  a s -  
s o c i a t i o n  a t  c l i m a x .  T h e  s i t e  a s s o c i a t i o n  is t h u s  c o n c e p t u a l l y  s i m i l a r  to  t h e  

h a b i t a t  t y p e  o f  D a u b e n m i r e  (1968)  a n d  to  t h e  f o r e s t  t y p e  o f  s e v e r a l  E u r o p e a n  

c l a s s i f i c a t i o n s  ( s e e  J a h n ,  1 9 8 2 ) .  S i t e  a s s o c i a t i o n s  a r e  d e r i v e d  f r o m  l a t e - s e r a l ,  

n e a r - c l i m a x ,  o r  c l i m a x  p l a n t  a s s o c i a t i o n s  a n d  a r e  c h a r a c t e r i z e d  b y  a c o m b i -  

TABLE 9 

A synopsis of site series and types of the Gaultheria-Rhytidiadelphus site association 

Site series Site type 

CWHa2: Gaultheria-Rhytidiadelphus 
CWHa2: Gaultheria-Rhytidiadelphus/Typic' 
CWHa2: Gaultheria-Rhytidiadelphus/Rocky 2 
CWHa2: Gaultheria-Rhytidiadelphus/Slope-Stony 5 
CWHa2: Gaultheria-Rhytidiadelphus/Shallow 3 
CWHa2: Gaultheria- Rhytidiadelphus /Slope 4 
CWHa2: Gaultheria-Rhytidiadelphus/Deep 6 

cwHbl: Gaultheria-Rhytidiadelphus 
cwHbl: Gaultheria-Rhytidiadelphus/Rocky 
CwHbl: Gaultheria- Rhytidiadelphus /Slope-Stony 
cwHbl: Gaultheria-Rhytidiadelphus/Slope 

ITypic-thought to typify the central edaphic concept of the circumscribing site association. In 
this example, strongly drained, acid, sandy-skeletal, moderately deep, Orthic Humo-Ferric Pod- 
zols with Hemimor humus formation distributed on fiats and gentle ( < 35% ) slopes. 
2Rocky-a discontinuous complex of soils that ( a ) are located on crest, ridges, and knolls, (b) have 
rooting depth < 30 cm, and (c) have exposed bedrock on 35% or more of the ground surface. 
~Shallow-a soil that has a rooting depth < 30 cm. 
4Slope-a soil that has a slope gradient 35% or more but less than 80%. 
~Stony-a soil that has 35% or more coarse fragments (gravel, stones, or boulders) on the ground 
surface. 
6Deep-a soil that has a rooting depth 100 cm or more. 
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nation of climate, soil moisture regime, soil nutrient regime, and, if appropri- 
ate, by other environmental factors or properties strongly influencing the 
development of vegetation of the parent plant association. 

To satisfy the need for more climatically consistent classes of ecosystems, 
site associations are divided into site series according to climate. That  portion 
of a site association that occurs within a biogeoclimatic subzone or variant 
forms a site series. 

To form edaphically more consistent classes, site series are partitioned into 
site types according to one or more edaphic properties thought to affect eco- 
system response to management (cf. Soil Survey Staff, 1975). That  portion of 
a site series that occurs on edaphically uniform sites forms a site type. Site 
types represent ecosystem units that are uniform in the largest number of en- 
vironmental characteristics and among which the variation in vegetation is 
more or less independent of the environmental variation (cf. Orloci, 1961, 
1964 ) ; hence, site types are not usually floristically distinct. 

Site classification is demonstrated by the Gaultherio shallonis- 
Pseudotsugetum menziesii, a widely distributed plant association recognized, 
studied, and characterized by Lesko (1961), Orloci (1961, 1964) and Klinka 
(1976) (see Table 5 for the diagnosis of the plant association). Table 9 shows 
the synopsis and nomenclature for the site series and types recognized by Klinka 
and Krajina (1986). The derived site association Gaultheria-Rhytidia- 
delphus occurs on very to moderately dry (1-2) and nutrient-very poor to 
- poor (A-B) soils within the CWHa2 and CwHbl biogeoclimatic variants. Be- 
cause climax tree species in managed forests are often absent, the site units 
are named by two generic names of indicator species that are expected to be 
nearly always present on the sites. 

Progress 

Biogeoclimatic maps, classification reports, and field guides are presently 
available for approximately 80% of the province. They are in various stages of 
preparation for roughly another 10%. The alpine, and some high-elevation and 
northern forests of low forest productivity, are presently covered at a recon- 
naissance level. Many of the maps and field guides are internal documents 
available through the regional Forest Service offices. 

The classification has been developed over the past 10 years by the produc- 
tion of several 'local' classifications within each of various regions. The data 
are now being pooled provincially to further develop and test the vegetation 
classification and correlate all the biogeoclimatic and site units. The present 
maps, classification reports, and field guides will be revised following this 
process. 
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A P P L I C A T I O N  

BEC delineates vegetationally inferred, 'natural '  ecosystem units, i.e., units 
that  are based on the properties and relationships of ecosystems themselves. 
These natural taxonomic units can be grouped, divided, and/or  regrouped into 
interpretive units according to their value for a specific purpose ( Cline, 1949; 
Lavkulich, 1972; Soil Survey Staff, 1975). Interpretive units in forestry have 
been called management,  operational, treatment,  or ecological land units (e.g., 
Klinka, 1976; Klinka et al., 1980; Henderson and Peter, 1982; Mikola, 1982; 
Jones et al., 1983). 

Taxonomic units that  are uniform with respect to the greatest number of 
properties allow the greatest number of interpretations or predictions. There- 
fore, site types provide the most appropriate basic units for deriving interpre- 
tations. Fewer and less-specific interpretations can be made about vegetation 
and biogeoclimatic units than site units. Vegetation units can be used to pres- 
ent interpretations for silviculture ( Klinka, 1976 ), wildlife ( Pojar, 1984 ), and 
recreation (Inselberg et al., 1982). Biogeoclimatic units can be used for some 
climatically based interpretations such as fire-climate zones for forest protec- 
tion, and seed orchard and seed zones for silviculture. The following sections 
illustrate how management  interpretations can be derived from the classifi- 
cation and provide a few examples of practical application of the BEC system 
to forestry. 

Site identification 

Site identification is the first and most important  step in applying the BEC 

system and resulting interpretations to forest management.  To facilitate this 
step for a forester, the classification must  be presented in a clear and easy-to- 
use manner. Although large-scale mapping can be very effective (e.g., Klinka 
and Skoda, 1977; Banner et al., 1985; Lindeburgh and Trowbridge, 1986) the 
cost of mapping is prohibitive for the entire commercial forest area of British 
Columbia. Recently introduced guidelines for pre-harvesting prescriptions re- 
quire stratification of forest stands into component  sites. Hence, the general 
approach is to provide users with field-ready identification tools including small- 
scale biogeoclimatic maps, keys, descriptive tables of characteristic understory 
vegetation and environmental features, slope position diagrams, edatopic grids, 
and guides to plant identification. 

As an example, Green et al. (1984) present a field-based procedure termed 
'site diagnosis'. The objective of this procedure is to assess the three elements 
used to define site quality-climate, SMR, and SNR.  The climate is inferred 
through identification of the biogeoclimatic unit  in which the site is located. 
Maps showing the distribution of biogeoclimatic units at a scale of 1:500 000 
(e.g., Klinka et al., 1979; Nuszdorfer et al., 1984) are available for initial iden- 
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Fig. 4. Key to the identification of potential soil moisture regimes (from Green et al., 1984). 
Numbers for SMR'S as in Fig. 2. 

tification. This can be confirmed in the field using characteristic floristic fea- 
tures of zonal ecosystems as summarized in field handbooks. 

SMR and S N R  are determined through analysis of both environmental and 
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vegetation features. Several environmental  properties that  can be assessed rel- 
atively easily by field staff form the basis of keys (Fig. 4). An edatopic grid is 
used to portray site units in relation to SMR and SNR (see Fig. 2 ), with separate 
grids being prepared for different biogeoclimatic units. Vegetation analysis uses 
indicator species groups as a further means of identifying sites. Although both 
environmental  properties and vegetation are analysed, where vegetation is 
poorly developed or altered through disturbance (as on recently cutover lands), 
emphasis is placed on environmental  analysis. 

Site interpretation 

The establishment of a well-stocked stand of desirable tree species fully uti- 
lizing the production potential of a site is the objective of forest managers 
worldwide. Achieving this goal largely depends on the managers' ability to se- 
lect the appropriate t reatment  (s) for many different forest ecosystems. Two 
major approaches have been used by the Forest Service to transfer interpretive 
information to users: (1) multiple interpretations for a taxonomic unit  (usu- 
ally site series), or ( 2 ) single interpretations for groupings of related taxon- 
omic units. For example, Mitchell and Green (1981), Meidinger et al. (1984) 
and Pojar et al. (1984) provide several interpretations for individual site series 
that  are identified in the field with climax or near-climax vegetation, slope 
position diagrams, and other site features such as SMR and SNR. Klinka et al. 
(1984) recommend tree species by grouping similar site series into interpretive 
classes that  are identified using the site diagnosis procedure described previ- 
ously. The following discussion describes two important interpretations: choice 
of tree species and prescribed burning, using the approach of Klinka et al. 
(1984). 

Choice of tree species. Selecting the most appropriate tree species for reforest- 
ing a site is one of the most critical decisions in forest management.  The out- 
come of the decision has a far-reaching impact on the value of the forest and 
the success of management.  The principles used in developing the interpreta- 
tions for tree species selection involve matching ecologically viable tree species 
options with management objectives (Klinka and Feller, 1984). Based on these 
principles, the most appropriate species are selected for the range of sites and 
are presented using the edatopic grid format (Fig. 5 ). The site units displayed 
on the grid with bold lines represent groupings of closely related site series 
which can support stands of the same species composition and structure, have 
similar productivity potential, and can be managed by the same silvicultural 
system. For each site unit, recommended tree species are listed in order of 
increasing shade tolerance using standardized symbols. The size of the symbol 
indicates the projected role of the species in stands at rotation age with large 
symbols representing major crop species and small symbols minor crop species. 
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Fig. 5. Edatopic grid used to portray recommended crop tree species in the CWHal biogeoclimatic 
variant (from Green et al., 1984). Inside the grid, symbols for tree species are: P1-Pinus contorta, 
Fd-Pseudotsuga menziesii, Cw-Thuja plicata, Hw-Tsuga heterophylla, Bg-Abies grandis, 
Ac-Populus trichocarpa. The numbers designate site units, the letters in circles designate esti- 
mated productivity classes (L, low; P, poor; M, medium; G, high), and the numbers in front of 
names of plant species refer to the indicator species groups of soil moisture and soil nutrients. 

Prescribed burning. Prescribed burning (slash-burning) is a forest manage- 
ment practice commonly used in British Columbia to reduce logging debris and 
forest floor materials in preparation for planting and to reduce fire hazard, 
insect, and disease problems. If conducted carefully, it is an inexpensive and 
effective tool to meet management objectives. However, indiscriminate use of 
prescribed burning may have significant negative impacts on regeneration suc- 
cess and site productivity. This is generally related to the destruction of surface 
organic materials that may result in increased surface erosion, greater soil- 
moisture losses, increased soil temperature extremes, and most importantly, 
loss of valuable plant nutrients (Feller, 1982 ). 
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Fig. 6. Key to the identification of site sensitiv!ty classes ( from Green et al., 1984). The symbols 
for sensitivity classes are: VH, very high; H, high; M, medium; L, low; VL very low. 

In light of these concerns, an interpretive framework was developed for pre- 
scribed-burning decision-making which is based on the sensitivity of the site 
to fire. The underlying principles dictate that prescribed burning be conducted 
on a site-specific basis, that the decision whether or not to burn considers the 
impact of fire on regeneration of the selected tree species, and that the long- 
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term impact of fire on site productivity be maintenance or improvement, not 
degradation. 

Interpretive classification of site sensitivity to fire integrates characteristics 
of a given site with ecological effects of fire on the site. Five sensitivity classes 
are recognized: very high, high, medium, low, and very low. For each class, 
characteristic environmental features and potential effects of fire are de- 
scribed. To identify the classes in the field, a simple key is used which is based 
on selected environmental properties determined during the site diagnosis pro- 
cedure (Fig. 6). A complementary manual is available for making site- and 
area-specific slash-burning prescriptions. Detailed site, fuel, and weather char- 
acteristics are used to plan prescribed burns with a target impact-ranking suit- 
able for the site's sensitivity class. For example, low-impact burns would be 
prescribed for medium- or high-sensitivity classes where conservation of or- 
ganic materials is important. 

Extension and demonstration 

Information provided by the BEC is widely used by government and indus- 
trial forestry staff to aid in their day-to-day decisions. The transfer of infor- 
mation to operational staff is undertaken through the publication of operational 
reports, maps, and field guides, together with an intensive training program. 
Field guides to ecosystem identification and interpretation are presently avail- 
able for nearly all of the commercial forest land base of the province. Approx- 
imately 1200 individuals from government agencies and forest companies are 
trained throughout the province each year. As a result, there has been a dra- 
matic increase in the level of ecological awareness in operational staff. Forest- 
ers are now conversant with ecological classification and environment- 
vegetation relationships, and have a common 'language' to discuss forest eco- 
systems and their management. This close contact with operational staff also 
provides an avenue for feedback to validate and fine-tune interpretations. This 
has been the single most important contribution of the BEC to forest 
management. 

DISCUSSION 

Biogeoclimatic ecosystem classification has been applied to a region of North 
America that has complex patterns of climate, topography, geology, physio- 
graphic history, soils, and vegetation, but has a relatively simple flora. Some 
of BEC's distinctive features arise from this paradox. Most of British Columbia 
is forested and much of the province's vegetational diversity occurs within 
forests - but the forest flora is simpler than that of many other temperate 
regions. Vegetational differences have arisen in response to a highly variable 
environmental complex, but the differences are often expressed as changes in 
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relative importance of a small number of widespread species. Floristic differ- 
entiation often is not strong, especially in weakly structured, species-poor for- 
est communities ( Krajina, 1960b; Brooke et al., 1970; Ceska and Roemer, 1971; 
Roemer, 1972; Klinka, 1976 ). Hence, it was necessary to modify the traditional 
Braun-Blanquet diagnostic criteria ( Westhoffand Van der Maarel, 1980) used 
to classify vegetation into a hierarchy of floristic units. These modifications 
reflect an influence of the species-dominance school (Poore, 1955; Dahl, 1956) 
on our fundamental Braun-Blanquet approach to vegetation classification, and 
were required because of the importance of vegetation to the classification of 
ecosystems. 

The zonal classification follows from the ecological axiom that  climate is the 
primary force governing the nature of terrestrial ecosystems. However, be- 
cause of problems with climatic data and analysis, zonal (climatic climax) 
plant associations are used to provide a link between regional climate and eco- 
systems. This linkage results from the application of the zonal concept (orig- 
inally part of the Russian tradition of vegetation and soil classification) to 
that  of the biotic area or vegetation zone. The resulting biogeoclimatic units 
define large geographical areas with similar climate, and further stratify the 
original vegetation units into climatically consistent classes. 

The site classification addresses the need for delineating environmentally 
based classes of ecosystems while also considering vegetation and indicating 
site potential and successional trends (Malcolm, 1981; Meeker and Merkel, 
1984 ). Thus, the site classification reduces the complexity resulting from dis- 
turbance-induced variation in vegetation by basing ecosystem organization on 
ecological equivalence. Such an approach is very useful for classification of 
naturally disturbed ecosystems as well as managed lands, and has made the 
ecosystem concept more applicable to forest management.  The 'site type' ap- 
proach has a strong tradition in ecological classification, and has been applied 
by workers such as Cajander (1926), Pogrebnyak (1930), Hills (1952, 1976), 
Mueller-Dombois (1964), Daubenmire (1968), Bakuzis (1969), Krajina 
(1969), Kabzems et al. (1976), Arbeitskreis Standortskart ierung (1978) and 
Pfister and Arno (1980). In addition to establishing a relatively stable frame- 
work for classification of ecologically equivalent ecosystems, the site level also 
facilitates the classification and study of seral ecosystems (Banner and Pojar, 
1985; Klinka et al., 1985), diagnosis of site quality (Klinka et al., 1984), eco- 
logical mapping ( Klinka and Skoda, 1977; Banner et al., 1985; Lindeburgh and 
Trowbridge, 1986), and ecosystem interpretation for management.  

Among the strengths of BEC is its integration of edaphic information into 
the system. Although dominant  soil-forming processes enter the zonal classi- 
fication as accessory characteristics, edaphic attributes play their major role 
in the site classification. Selected soil properties are used to differentiate site 
types and help infer soil moisture and nutr ient  regimes. Note that  this inte- 
gration addresses Rowe's (1984) plea that  vegetation, soil, and landform be 
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united in ecological classification, but in the overall scheme of BEC, landform 
receives secondary rather than primary emphasis - in contrast to landscape 
approaches (e.g., Rowe and Sheard, 1981; Van Groenewoud and Ruitenberg, 
1982). 

There are two basic types of ecological land classification - component  and 
integrated. Component  classification develops separate, hierarchical classifi- 
cations of ecosystem elements such as soil, vegetation, landform, water, and 
climate. The independently classified and mapped components may then be 
combined and overlaid to yield ecosystem units. For example, the recently de- 
veloped land classification system for the United States (Driscoll et al., 1984) 
proposes to combine independent  classifications of soils (Soil Survey Staff, 
1975), vegetation (UNESCO, 1973), water (Cowardin et al., 1979), and 
landforms. 

Integrated classification initially unites ecosystem elements to form coor- 
dinated entities or classes. This multi-factor, integrated approach has been 
widely applied by European (e.g., Dahl, 1956; Schlenker, 1964; Jahn, 1982) 
and Canadian (e.g., Dansereau, 1957; Lacate, 1969) ecologists, and regionally 
by some U.S. workers (e.g., Barnes et al., 1982; Henderson and Peter, 1982). 
BEC is also an integrated classification. In North America, its closest analogues 
are probably the site classification systems (integrated) of Ontario (Hills, 
1952, 1976; Hills and Pierpoint, 1960; Jones et al., 1983) and northern Mich- 
igan ( Pregitzer and Barnes, 1984 ), and the habitat type system (essentially a 
component  classification) of the western U.S. (Daubenmire, 1968; Pfister and 
Arno, 1980). However, compared to BEC, the forest site system places more 
emphasis on landform and soils, and the habitat type system relies mostly on 
vegetation. BEC appears to be unique in its higher order linkages among vege- 
tation, climate, and soils. 

The application of BEC over the past ten years has resulted in an increased 
ecological awareness among practising foresters and in improved forest man- 
agement practices. Results of research and operational trials can be extrapo- 
lated to other areas more successfully within the framework provided by the 
classification. Foresters in British Columbia now have an effective tool for 
understanding the ecosystems they manage and predicting the consequences 
of their decisions, thus enabling them to practice forestry as 'applied ecology'. 
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